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3GPP: 3rd Generation Partnership Project
ASE: Average Spectral Efficiency
BS: Base-station
BW: Bandwidth
CP: Control-plane or Cyclic Prefix
CSI: Channel state information 
CSI-RS: Channel state information reference signal
DU: Dense Urban
DL: Downlink
DMRS: Demodulation reference signal 
eMBB: enhanced mobile broadband
FDM: Frequency division multiplexing
HARQ: Hybrid automatic repeat request
InH: Indoor Hotspot
ITU: International Telecommunication Union
MIMO: multiple-input multiple-output
NR: New Radio
OFDM: Orthogonal frequency division multiplexing
PDCCH: Physical downlink control channel, PDSCH: Physical downlink shared channel
PUCCH: Physical uplink control channel; PUSCH: Physical uplink shared channel 
RIT: Radio-interface technology
SCS: Sub-carrier spacing
SINR/SNR: Signal-to-interference noise ratio/Signal-to-noise ratio
SCM: Stochastic channel model
TRxP: Transmission and reception point
UE: User equipment 
USE: User spectral Efficiency 
UL: Uplink
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1-  Introduction 

Research and development of signal processing algorithms for 5G NR require a realistic and flexible simulation environment. In this work, we use a MATLAB-based downlink/uplink physical-layer simulator for the evaluation of submitted 5G standard candidates. 
In this contribution, we provide the simulation results of the 3GPP candidate in terms of ASE and 5% USE. The results for eMBB with its 3 test environments (i.e., Indoor hotspot, dense urban and rural) are provided in the downlink case. A summary of the simulation performed is shown in the table 1 below:

Table 1.1. Tested environments
	Test environment
	Does the Evaluation Report indicate that the minimum technical performance requirements are met in the test environment?

	 Indoor Hotspot-eMBB
	 Yes	 No	 Partial evaluation        

	 Dense Urban-eMBB
	 Yes	 No	 Partial evaluation 

	 Rural-eMBB
	 Yes	 No	 Partial evaluation

	 Urban Macro–mMTC
	 Yes	 No	 Partial evaluation

	 Urban Macro–URLLC
	 Yes	 No	 Partial evaluation



In table. 2, we reproduce the list of parameters to be evaluated using link- and system-level simulation from M.2412 [1]




Table 1.2. Parameters to be evaluated

	Minimum technical performance requirements item (5.2.4.3.x), units, and Report
ITU-R M.2410-0 section reference(1)
	Category
	Required value
	Requirement met?

	
	Usage scenario
	Test environment
	DL or UL
	
	

	5.2.4.3.4
5th percentile user spectral efficiency (bit/s/Hz)
(4.4)
	eMBB
	Indoor Hotspot – eMBB
	DL
	0.3
		Yes
	No

	
	
	
	UL
	0.21
		Yes
	No

	
	eMBB
	Dense Urban – eMBB
	DL
	0.225
		Yes
	No

	
	
	
	UL
	0.15
		Yes
	No

	
	eMBB
	Rural – eMBB
	DL
	0.12
		Yes
	No

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	UL
	0.045
		Yes
	No

	
	
	
	
	
	

	
	
	
	
	
	

	5.2.4.3.5
Average spectral efficiency (bit/s/Hz/ TRxP)
(4.5)
	eMBB
	Indoor Hotspot – eMBB
	DL
	9
		Yes
	No

	
	
	
	UL
	6.75
		Yes
	No

	
	eMBB
	Dense Urban – eMBB
	DL
	7.8
		Yes
	No 

	
	
	
	UL
	5.4
		Yes
	No 

	
	eMBB
	Rural – eMBB
	DL
	3.3
		Yes
	No

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	UL
	1.6
		Yes
	No 

	
	
	
	
	
	

	
	
	
	
	
	

	5.2.4.3.9
Connection density (devices/km2)
(4.8)
	mMTC
	Urban Macro – mMTC
	UL
	1 000 000
		Yes
	No

	5.2.4.3.11
Reliability
(4.10)
	URLLC
	Urban Macro –URLLC
	UL or DL

	1-10−5 success probability of transmitting a layer 2 PDU (protocol data unit) of size 32 bytes within 1 ms in channel quality of coverage edge
		Yes
	No

	5.2.4.3.13
Mobility
Traffic channel link data rates (bit/s/Hz)
(4.11)
	eMBB
	Indoor Hotspot – eMBB
	UL
	1.5 (10 km/h)
		Yes
	No

	
	eMBB
	Dense Urban – eMBB
	UL
	1.12 (30 km/h)
		Yes
	No

	
	eMBB
	Rural – eMBB
	UL
	0.8 (120 km/h)
		Yes
	No

	
	
	
	
	0.45 (500 km/h)
		Yes
	No














2-  Evaluation summary

Based on the configuration and assumption in section 3, the evaluation results are shown in the following tables:
 2.1.  5% user spectral efficiency (per test environment) 

Table 2.1.1. Evaluation Result of Indoor Hotspot – eMBB (Configuration A) - FDD
	eMBB – Indoor hotspot 
	Channel Model B - Configuration A (4GHz)

	Metric
	Link
	M.2410
	Min-Max
	INRS
	UofT
	MEDIATEK
	TPCEG

	5% USE
[bps/Hz]

	DL
	0.300
	0.310-0.590
	0.331
	…
	0.330
	0.360

	
	UL
	0.210
	0.270-0.630
	…
	…
	0.590
	0.411



Table 2.1.2. Evaluation Result of Indoor Hotspot – eMBB (Configuration A) - TDD
	eMBB – Indoor hotspot 
	Channel Model B - Configuration A (4GHz)

	[bookmark: _Hlk24667195]Metric
	Link
	M.2410
	Min-Max
	INRS
	UofT
	Huawei
	CATT

	[bookmark: _Hlk24667061]5% USE
[bps/Hz]

	DL
	0.300
	0.310-0.590
	0.416
	…
	0.392
	0.504

	
	UL
	0.210
	0.270-0.630
	…
	…
	0.390
	0.565



Table 2.1.3. Evaluation Result of Indoor Hotspot – eMBB (Configuration B) - FDD
	eMBB – Indoor hotspot 
	Channel Model B - Configuration B (30GHz)

	[bookmark: _Hlk24667149]Metric
	Link
	M.2410
	Min-Max
	INRS
	UofT
	MEDIATEK
	SUMSUNG

	[bookmark: _Hlk24667097]5% USE
[bps/Hz]

	DL
	0.300
	0.310-1.180
	…
	…
	0.408
	0.313

	
	UL
	0.210
	0.300-0.430
	…
	…
	0.414
	0.394



Table 2.1.4. Evaluation Result of Indoor Hotspot – eMBB (Configuration B) - TDD
	eMBB – Indoor hotspot 
	Channel Model B - Configuration B (30GHz)

	[bookmark: _Hlk24667131]Metric
	Link
	M.2410
	Min-Max
	INRS
	UofT
	Huawei
	CATT

	[bookmark: _Hlk24667122]5% USE
[bps/Hz]

	DL
	0.300
	0.310-1.180
	0.610
	…
	0.308
	0.997

	
	UL
	0.210
	0.300-0.430
	…
	…
	0.405
	0.374



Table 2.1.5. Evaluation Result of Dense Urban – eMBB (Configuration A) - FDD
	eMBB – Dense Urban
	Channel Model B - Configuration A (4GHz)

	Metric
	Link
	M.2410
	Min-Max
	INRS
	UofT
	MEDIATEK
	TPCEG

	5% USE
[bps/Hz]

	DL
	0.225
	0.230-0.810
	0.248
	0.380
	0.400
	0.421

	
	UL
	0.150
	0.160-0.600
	0.273
	0.228
	0.505
	0.347



Table 2.1.6. Evaluation Result of Dense Urban – eMBB (Configuration A) - TDD
	eMBB – Dense Urban
	Channel Model B - Configuration A (4GHz)

	Metric
	Link
	M.2410
	Min-Max
	INRS
	UofT
	MEDIATEK
	TPCEG

	5% USE
[bps/Hz]

	DL
	0.225
	0.230-0.810
	0.328
	0.430
	X
	X

	
	UL
	0.150
	0.160-0.600
	0.274
	0.213
	X
	X



Table 2.1.7. Evaluation Result of Dense Urban – eMBB (Configuration B) - FDD
	eMBB – Dense Urban
	Channel Model B - Configuration B (30GHz)

	Metric
	Link
	M.2410
	Min-Max
	INRS
	UofT
	MEDIATEK
	TPCEG

	5% USE
[bps/Hz]

	DL
	0.225
	…
	0.490
	0.350
	X
	X

	
	UL
	0.150
	…
	0.244
	0.264
	X
	X



Table 2.1.8. Evaluation Result of Dense Urban – eMBB (Configuration B) - TDD
	eMBB – Dense Urban
	Channel Model B - Configuration B (30GHz)

	Metric
	Link
	M.2410
	Min-Max
	INRS
	UofT
	MEDIATEK
	TPCEG

	5% USE
[bps/Hz]

	DL
	0.225
	…
	0.494
	0.370
	X
	X

	
	UL
	0.150
	…
	0.245
	0.291
	X
	X



Table 2.1.9. Evaluation Result of Rural Urban – eMBB (Configuration A) - FDD
	eMBB – Rural
	Channel Model B - Configuration A (700MHz)

	Metric
	Link
	M.2410
	Min-Max
	INRS
	UofT
	MEDIATEK
	TPCEG

	5% USE
[bps/Hz]

	DL
	0.120
	0.130-0.570
	 0.174
	0.162
	 0.128
	 0.155


	
	UL
	0.045
	0.090-0.630
	0.617
	0.248
	 0.231
	 0.113



Table 2.1.10. Evaluation Result of Rural Urban – eMBB (Configuration A) - TDD
	eMBB – Rural
	Channel Model B - Configuration A (700MHz)

	Metric
	Link
	M.2410
	Min-Max
	INRS
	UofT
	MEDIATEK
	TPCEG

	5% USE
[bps/Hz]

	DL
	0.120
	0.130-0.570
	 0.171
	0.159
	X
	X

	
	UL
	0.045
	0.090-0.630
	 0.334
	0.193
	X
	X



Table 2.1.11. Evaluation Result of Rural Urban – eMBB (Configuration B) - FDD
	eMBB – Rural
	Channel Model B - Configuration B (4GHz)

	Metric
	Link
	M.2410
	Min-Max
	INRS
	UofT
	MEDIATEK
	TPCEG

	5% USE
[bps/Hz]

	DL
	0.120
	0.120-2.110
	 0.278
	0.187
	 0.452
	 0.321

	
	UL
	0.045
	0.020-0.340
	0.145
	0.189
	0.190
	0.126 



Table 2.1.12. Evaluation Result of Rural Urban – eMBB (Configuration B) – TDD 
	eMBB – Rural
	Channel Model B - Configuration B (4GHz)

	Metric
	Link
	M.2410
	Min-Max
	INRS
	UofT
	MEDIATEK
	TPCEG

	5% USE
[bps/Hz]

	DL
	0.120
	0.120-2.110
	 0.349
	0.370
	X
	X

	
	UL
	0.045
	0.020-0.340
	0.195
	0.132
	X
	X



2.2. Average spectral efficiency (per test environment) 

Table 2.2.1. Evaluation Result of Indoor Hotspot – eMBB (Configuration A) - FDD
	eMBB – Indoor hotspot 
	Channel Model B - Configuration A (4GHz)

	[bookmark: _Hlk24667517]Metric
	Link
	M.2410
	Min-Max
	INRS
	UofT
	MEDIATEK
	TPCEG

	ASE
[bps/Hz/TRxP]

	DL
	9.000
	8.770-16.880
	10.750
	…
	11.120
	10.544

	
	UL
	6.750
	6.950-15.170
	…
	…
	8.820
	8.588 



Table 2.2.2. Evaluation Result of Indoor Hotspot – eMBB (Configuration A) - TDD
	eMBB – Indoor hotspot 
	Channel Model B - Configuration A (4GHz)

	[bookmark: _Hlk24667530]Metric
	Link
	M.2410
	Min-Max
	INRS
	UofT
	Huawei
	CATT

	ASE
[bps/Hz/TRxP]

	DL
	9.000
	8.770-16.880
	11.095
	…
	13.021
	13.456

	
	UL
	6.750
	6.950-15.170
	…
	…
	7.003
	9.256



Table 2.2.3. Evaluation Result of Indoor Hotspot – eMBB (Configuration B) - FDD
	eMBB – Indoor hotspot 
	Channel Model B - Configuration B (30GHz)

	[bookmark: _Hlk24667566]Metric
	Link
	M.2410
	Min-Max
	INRS
	UofT
	MEDIATEK
	SAMSUNG

	ASE
[bps/Hz/TRxP]

	DL
	9.000
	8.500-19.910
	…
	…
	12.690
	8.495

	
	UL
	6.750
	6.900-11.440
	…
	…
	10.386
	7.657



Table 2.2.4. Evaluation Result of Indoor Hotspot – eMBB (Configuration B) - TDD
	eMBB – Indoor hotspot 
	Channel Model B - Configuration B (30GHz)

	[bookmark: _Hlk24667586]Metric
	Link
	M.2410
	Min-Max
	INRS
	UofT
	Huawei
	CATT

	ASE
[bps/Hz/TRxP]

	DL
	9.000
	8.500-19.910
	17.811
	…
	11.599
	16.745

	
	UL
	6.750
	6.900-11.440
	…
	…
	7.037
	7.440



Table 2.2.5. Evaluation Result of Dense Urban – eMBB (Configuration A) - FDD
	eMBB – Dense Urban
	Channel Model B - Configuration A (4GHz)

	Metric
	Link
	M.2410
	Min-Max
	INRS
	UofT
	MEDIATEK
	TPCEG

	ASE
[bps/Hz/TRxP]

	DL
	7.800
	7.870-22.330
	11.200
	11.270
	11.390
	11. 867

	
	UL
	5.400
	5.510-22.480
	6.087
	6.512
	8.790
	8.702



Table 2.2.6. Evaluation Result of Dense Urban – eMBB (Configuration A) - TDD
	eMBB – Dense Urban
	Channel Model B - Configuration A (4GHz)

	Metric
	Link
	M.2410
	Min-Max
	INRS
	UofT
	MEDIATEK
	TPCEG

	ASE
[bps/Hz/TRxP]

	DL
	7.800
	7.870-22.330
	14.371
	13.371
	X
	X

	
	UL
	5.400
	5.510-22.480
	6.099
	6.462
	X
	X



Table 2.2.7. Evaluation Result of Dense Urban – eMBB (Configuration B) - FDD
	eMBB – Dense Urban
	Channel Model B - Configuration B (30GHz)

	Metric
	Link
	M.2410
	Min-Max
	INRS
	UofT
	MEDIATEK
	TPCEG

	ASE
[bps/Hz/TRxP]

	DL
	7.800
	…
	13.752
	11.360
	X
	X

	
	UL
	5.400
	…
	6.087
	6.397
	X
	X



Table 2.2.8. Evaluation Result of Dense Urban – eMBB (Configuration B) - TDD
	eMBB – Dense Urban
	Channel Model B - Configuration B (30GHz)

	Metric
	Link
	M.2410
	Min-Max
	INRS
	UofT
	MEDIATEK
	TPCEG

	ASE
[bps/Hz/TRxP]

	DL
	7.800
	…
	13.521
	13.144
	X
	X

	
	UL
	5.400
	…
	5.994
	7.752
	X
	X



Table 2.2.9. Evaluation Result of Rural Urban – eMBB (Configuration A) - FDD
	eMBB – Rural
	Channel Model B - Configuration A (700MHz)

	Metric
	Link
	M.2410
	Min-Max
	INRS
	UofT
	MEDIATEK
	TPCEG

	ASE
[bps/Hz/TRxP]

	DL
	3.300
	5.040-17.370
	11.600
	6.152
	5.640
	5.774 

	
	UL
	1.600
	3.750-15.550
	4.349
	6.951
	4.637
	6.243



Table 2.2.10. Evaluation Result of Rural Urban – eMBB (Configuration A) - TDD
	eMBB – Rural
	Channel Model B - Configuration A (700MHz)

	Metric
	Link
	M.2410
	Min-Max
	INRS
	UofT
	MEDIATEK
	TPCEG

	ASE
[bps/Hz/TRxP]

	DL
	3.300
	5.040-17.370
	9.609
	7.490
	X
	X

	
	UL
	1.600
	3.750-15.550
	3.626
	5.872
	X
	X



Table 2.2.11. Evaluation Result of Rural Urban – eMBB (Configuration B) - FDD
	eMBB – Rural
	Channel Model B - Configuration B (4GHz)

	Metric
	Link
	M.2410
	Min-Max
	INRS
	UofT
	MEDIATEK
	TPCEG

	ASE
[bps/Hz/TRxP]

	DL
	3.300
	5.960-21.110
	13.891
	6.480
	11.640
	11.063 

	
	UL
	1.600
	2.700-21.300
	4.102
	7.125
	3.988
	6.231



Table 2.2.12. Evaluation Result of Rural Urban – eMBB (Configuration B) - TDD
	eMBB – Rural
	Channel Model B - Configuration B (4GHz)

	Metric
	Link
	M.2410
	Min-Max
	INRS
	UofT
	MEDIATEK
	TPCEG

	ASE
[bps/Hz/TRxP]

	DL
	3.300
	5.960-21.110
	10.384
	13.144
	X
	X

	
	UL
	1.600
	2.700-21.300
	2.907
	3.361
	X
	X



Table 2.2.13. Evaluation Result of Rural Urban – eMBB (Configuration C – LMLC) - FDD
	eMBB – Rural
	Channel Model B - Configuration C (700MHz)

	[bookmark: _Hlk24667724]Metric
	Link
	M.2410
	Min-Max
	INRS
	UofT
	Huawei
	Ericsson

	ASE
[bps/Hz/TRxP]

	DL
	3.300
	3.900 – 19.290
	10.521
	X
	8.137
	5.563

	
	UL
	1.600
	2.700 – 10.590
	3.500
	X
	4.104
	4.754



2.3. Connection density
Table 2.3.1. Evaluation Result of Urban Macro-mMTC (Configuration A) - FDD
	mMTC – Urban Macro
	Channel Model B - Configuration A (700MHz) – NR RIT


	Metric
	Link
	M.2410
	Min-Max
	INRS
	UofT
	Huawei
	Ericsson

	Connection density
[device/km^2]

	UL
	3.300
	[bookmark: _Hlk24667769][bookmark: _Hlk24667751]1,267,000 -
[bookmark: _Hlk24667798] 1,503,000
	1.458,509
	1,518,832
	1,465,000
	1,575,368



Table 2.3.2. Evaluation Result of Urban Macro-mMTC (Configuration A) - FDD
	mMTC – Urban Macro
	Channel Model B - Configuration A (700MHz) – NR RIT


	Metric
	Link
	M.2410
	Min-Max
	INRS
	UofT
	Huawei
	Ericsson

	Connection density
[device/km^2]

	UL
	3.300
	36,008,000 -
36,324,000
	…
	…
	35,021,000
	29,844,621




2.4. Mobility (InH, DU, RU) 
Table 2.4.1. Evaluation Result of Indoor Hotspot – eMBB (Configuration A, 10km/h) - FDD
	eMBB – Indoor Hotspot
	Channel Model B - Configuration A (4GHz) – NR RIT 

	[bookmark: _Hlk24667834]Metric
	LoS/NLoS
	M.2410
	Min-Max
	INRS
	UofT
	Huawei
	CATT

	Normalized traffic channel link data rate (bit/s/Hz)
	LoS
	1.500
	1.590 – 3.850
	…
	…
	2.050
	1.840

	
	NLoS
	1.500
	1.590 – 3.850
	…
	…
	1.750
	2.130



Table 2.4.2. Evaluation Result of Indoor Hotspot – eMBB (Configuration A, 10km/h) - TDD
	eMBB – Indoor Hotspot
	Channel Model B - Configuration A (4GHz) – NR RIT 

	[bookmark: _Hlk24667853]Metric
	LoS/NLoS
	M.2410
	Min-Max
	INRS
	UofT
	Huawei
	CATT

	Normalized traffic channel link data rate (bit/s/Hz)
	LoS
	1.500
	1.590 – 3.850
	…
	…
	1.940
	2.070

	
	NLoS
	1.500
	1.590 – 3.850
	…
	…
	1.590
	1.780



Table 2.4.3. Evaluation Result of Indoor Hotspot – eMBB (Configuration B, 10km/h) - FDD
	eMBB – Indoor Hotspot
	Channel Model B - Configuration B (30GHz) – NR RIT 

	[bookmark: _Hlk24667882]Metric
	LoS/NLoS
	M.2410
	Min-Max
	INRS
	UofT
	SAMSUNG
	
CATT

	Normalized traffic channel link data rate (bit/s/Hz)
	LoS
	1.500
	2.140 – 4.760
	…
	…
	3.010
	X

	
	NLoS
	1.500
	2.140 – 4.760
	…
	…
	4.760
	X



Table 2.4.4. Evaluation Result of Indoor Hotspot – eMBB (Configuration B, 10km/h) - TDD
	eMBB – Indoor Hotspot 
	Channel Model B - Configuration B (30GHz) – NR RIT 

	[bookmark: _Hlk24667909]Metric
	LoS/NLoS
	M.2410
	Min-Max
	INRS
	UofT
	Sharp
	
CATT

	Normalized traffic channel link data rate (bit/s/Hz)
	LoS
	1.500
	2.140 – 4.760
	…
	…
	2.150
	X

	
	NLoS
	1.500
	2.140 – 4.760
	…
	…
	2.140
	X



Table 2.4.5. Evaluation Result of Dense Urban – eMBB (Configuration A, 30km/h) - FDD
	eMBB – Dense Urban
	Channel Model B - Configuration A (4GHz) – NR RIT 

	Metric
	LoS/NLoS
	M.2410
	Min-Max
	INRS
	UofT
	Huawei
	CATT

	Normalized traffic channel link data rate (bit/s/Hz)
	LoS
	1.120
	1.280 - 4.580
	2.260
	2.210
	2.190
	2.350

	
	NLoS
	1.120
	1.280 - 4.580
	1.907
	1.950
	1.890
	2.060



Table 2.4.6. Evaluation Result of Dense Urban – eMBB (Configuration A, 30km/h) - TDD
	eMBB – Dense Urban
	Channel Model B - Configuration A (4GHz) – NR RIT 

	[bookmark: _Hlk24668065]Metric
	LoS/NLoS
	M.2410
	Min-Max
	INRS
	UofT
	Huawei
	CATT

	Normalized traffic channel link data rate (bit/s/Hz)
	LoS
	1.120
	1.280 - 4.580
	2.2104
	2.060
	1.620
	X

	
	NLoS
	1.120
	1.280 - 4.580
	2.1461
	1.790
	1.830
	X



Table 2.4.7. Evaluation Result of Dense Urban – eMBB (Configuration B, 30km/h) - FDD
	eMBB – Dense Urban
	Channel Model B - Configuration B (30GHz) – NR RIT 

	Metric
	LoS/NLoS
	M.2410
	Min-Max
	INRS
	UofT
	Huawei
	CATT

	Normalized traffic channel link data rate (bit/s/Hz)
	LoS
	1.120
	1.280 - 4.580
	2.242
	…
	X
	X

	
	NLoS
	1.120
	1.230 – 3.220
	1.890
	1.180
	X
	1.240



Table 2.4.8. Evaluation Result of Dense Urban – eMBB (Configuration B, 30km/h) - TDD
	eMBB – Dense Urban
	Channel Model B - Configuration B (30GHz) – NR RIT 

	Metric
	LoS/NLoS
	M.2410
	Min-Max
	INRS
	UofT
	Huawei
	CATT

	Normalized traffic channel link data rate (bit/s/Hz)
	LoS
	1.120
	1.230 – 3.220
	1.751
	…
	X
	X

	
	NLoS
	1.120
	1.230 – 3.220
	1.662
	…
	X
	X



Table 2.4.9. Evaluation Result of Rural Urban – eMBB (Configuration A, 120km/h) - FDD
	eMBB – Rural 
	Channel Model B - Configuration A (700MHz) – NR RIT 

	Metric
	LoS/NLoS
	M.2410
	Min-Max
	INRS
	UofT
	Huawei
	CATT

	Normalized traffic channel link data rate (bit/s/Hz)
	LoS
	0.800
	0.850 – 2.910
	2.660
	2.570
	2.900
	X

	
	NLoS
	0.800
	0.850 – 2.910
	2.545
	2.130
	2.320
	X



Table 2.4.10. Evaluation Result of Rural Urban – eMBB (Configuration A, 120km/h) - TDD
	eMBB – Rural 
	Channel Model B - Configuration A (700MHz) – NR RIT 

	Metric
	LoS/NLoS
	M.2410
	Min-Max
	INRS
	UofT
	Huawei
	CATT

	[bookmark: _Hlk24668254]Normalized traffic channel link data rate (bit/s/Hz)
	LoS
	0.800
	0.850 – 2.910
	2.308
	2.180
	2.630
	X

	
	NLoS
	0.800
	0.850 – 2.910
	2.191
	1.920
	2.100
	X



Table 2.4.11. Evaluation Result of Rural Urban – eMBB (Configuration B, 120km/h) - FDD
	eMBB – Rural 
	Channel Model B - Configuration B (4GHz) – NR RIT 

	Metric
	LoS/NLoS
	M.2410
	Min-Max
	INRS
	UofT
	Huawei
	CATT

	Normalized traffic channel link data rate (bit/s/Hz)
	LoS
	0.800
	1.020 – 2.750
	2.537
	2.620
	2.900
	X

	
	NLoS
	0.800
	1.020 – 2.750
	2.376
	2.150
	2.310
	X



Table 2.4.12. Evaluation Result of Rural Urban – eMBB (Configuration B, 120km/h) - TDD
	eMBB – Rural 
	Channel Model B - Configuration B (4GHz) – NR RIT 

	Metric
	LoS/NLoS
	M.2410
	Min-Max
	INRS
	UofT
	Huawei
	CATT

	[bookmark: _Hlk24668280]Normalized traffic channel link data rate (bit/s/Hz)
	LoS
	0.800
	1.020 – 2.750
	2.451
	2.140
	2.630
	X

	
	NLoS
	0.800
	1.020 – 2.750
	1.935
	1.940
	2.090
	X



























3- Evaluation Assumptions and Configuration 
a-  Indoor Hotspot – eMBB


Table 3.a.1. Assumptions and Configuration of Indoor Hotspot-eMBB (Downlink Case)
	Configuration A - Downlink

	　
	ITU-R M.2412
	MEDIATEK
	INRS

	Baseline configuration

	Carrier frequency for evaluation
	4 GHz
	4 GHz
	4 GHz

	BS antenna height
	3 m
	3 m
	3 m

	Total transmit power per TRxP
	24 dBm for 20 MHz bandwidth
21 dBm for 10 MHz bandwidth
	21 dBm for 10 MHz bandwidth
	21 dBm for 10 MHz bandwidth

	UE power class
	23 dBm
	23 dBm
	23 dBm

	Inter-site distance
	20 m
	20 m
	20 m

	Number of antenna elements per TRxP
	Up to 256 Tx/Rx
	32Tx, cross-polarized antenna (M,N,P,Mg,Ng) = (4,4,2,1,1)
	32Tx/Rx, 
(M,N,P,Mg,Ng) = (4,4,2,1,1)

	Number of UE antenna elements
	Up to 8 Tx/Rx
	4Rx with 0°,90° polarization
(M,N,P,Mg,Ng) = (1,2,2,1,1)
	4Tx/Rx, (M,N,P,Mg,Ng) = (1,2,2,1,1)

	Device deployment
	100% indoor, Randomly and uniformly distributed over the area
	100% indoor, Randomly and uniformly distributed over the area
	100% indoor, Randomly and uniformly distributed over the area

	UE mobility model
	Fixed and identical speed |v| of all UEs, randomly and uniformly distributed direction
	Aligned with reference
	Aligned with reference

	UE speeds of interest
	100% indoor, 3 km/h
	100% indoor, 3 km/h
	100% indoor, 3 km/h

	Inter-site interference modeling
	Explicitly modelled
	Explicitly modelled
	Explicitly modelled

	BS noise figure
	5 dB
	5 dB
	5 dB

	UE noise figure
	7 dB
	7 dB
	7 dB

	BS antenna element gain
	5 dBi
	5 dBi
	5 dBi

	UE antenna element gain
	0 dBi
	0 dBi
	0 dBi

	Thermal noise level
	‒174 dBm/Hz
	‒174 dBm/Hz
	‒174 dBm/Hz

	Traffic model
	Full buffer
	Full buffer
	Full buffer

	Simulation bandwidth
	20 MHz for TDD, 
10 MHz+10 MHz for FDD
	10 MHz+10 MHz for FDD
	10 MHz+10 MHz for FDD

	UE density
	10 UEs per TRxP, randomly and uniformly dropped throughout the geographical area
	10 UEs per TRxP, randomly and uniformly dropped throughout the geographical area
	10 UEs per TRxP, randomly and uniformly dropped throughout the geographical area

	UE antenna height
	1.5 m
	1.5 m
	1.5 m

	Channdel Model
	InH_A, InH_B
	InH_A
	InH_A

	Additional parameters 

	Subcarrier spacing
	　
	15 kHz
	15 kHz

	Symbols number per slot
	　
	14
	14

	Number of TXRU per TRxP
	　
	32TXRU            
(Mp,Np,P,Mg,Ng) = (4,4,2,1,1)
	32TXRU            
(Mp,Np,P,Mg,Ng) = (4,4,2,1,1)

	Number of TXRU per UE
	　
	4TXRU, (1-to-1 mapping)
(Mp,Np,P,Mg,Ng) = (1,2,2,1,1)   
	4TXRU, (1-to-1 mapping)
(Mp,Np,P,Mg,Ng) = (1,2,2,1,1)   

	TRxP number per site
	　
	1
	1

	Mechanic tilt
	　
	180deg in GCS 
(pointing to the ground)
	180deg in GCS 
(pointing to the ground)

	Electronic tilt
	　
	90deg in LCS
	90deg in LCS

	Scheduling
	　
	MU-PF
	Round Robin

	ACK/NACK delay
	　
	Next available UL slot
	Next available UL slot

	MIMO mode
	　
	MU-MIMO with rank 4 adaptation per user;
Maximum MU layer = 12
	MU-MIMO

	Guard band ratio
	　
	FDD: 6.4% (for 10 MHz)
	FDD: 6.4% (for 10 MHz)

	BS receiver type
	　
	MMSE-IRC
	MMSE-IRC

	Precoder derivation
	　
	FDD: NR Type II codebook based
	FDD: NR Type II codebook based

	Channel estimation
	　
	Non-ideal
	Non-ideal

	Waveform
	　
	OFDM
	OFDM

	Polarized antenna model
	　
	Model-2 (TR36.873)
	Model-2 (TR36.873)

	Modulation
	　
	Up to 256QAM
	Up to 256QAM



Table 3.a.2. Assumptions and Configuration of Indoor Hotspot-eMBB (Uplink Case)
	　Configuration A - Uplink

	　
	ITU-R M.2412
	MEDIATEK
	INRS-EMT

	Baseline configuration

	Carrier frequency for evaluation
	4 GHz
	4 GHz
	4 GHz

	BS antenna height
	3 m
	3 m
	3 m

	Total transmit power per TRxP
	24 dBm for 20 MHz bandwidth
21 dBm for 10 MHz bandwidth
	21 dBm for 10 MHz bandwidth
	21 dBm for 10 MHz bandwidth

	UE power class
	23 dBm
	23 dBm
	23 dBm

	Inter-site distance
	20 m
	20 m
	20 m

	Number of antenna elements per TRxP
	Up to 256 Tx/Rx
	32Rx cross-polarized antenna (M,N,P,Mg,Ng) = (4,4,2,1,1)
	32Rx cross-polarized antenna (M,N,P,Mg,Ng) = (4,4,2,1,1)

	Number of UE antenna elements
	Up to 8 Tx/Rx
	2Tx, (M,N,P,Mg,Ng) = (1,1,2,1,1)
with 0°,90° polarization
	2Tx, (M,N,P,Mg,Ng) = (1,1,2,1,1)
with 0°,90° polarization

	Number of TXRU per UE
	　
	2TXRU
	2TXRU

	Device deployment
	100% indoor, Randomly and uniformly distributed over the area
	100% indoor, Randomly and uniformly distributed over the area
	100% indoor, Randomly and uniformly distributed over the area

	UE mobility model
	Fixed and identical speed |v| of all UEs, randomly and uniformly distributed direction
	Aligned with reference
	Aligned with reference

	UE speeds of interest
	100% indoor, 3 km/h
	100% indoor, 3 km/h
	100% indoor, 3 km/h

	Inter-site interference modeling
	Explicitly modelled
	Explicitly modelled
	Explicitly modelled

	BS noise figure
	5 dB
	5 dB
	5 dB

	UE noise figure
	7 dB
	7 dB
	7 dB

	BS antenna element gain
	5 dBi
	5 dBi
	5 dBi

	UE antenna element gain
	0 dBi
	0 dBi
	0 dBi

	Thermal noise level
	‒174 dBm/Hz
	‒174 dBm/Hz
	‒174 dBm/Hz

	Traffic model
	Full buffer
	Full buffer
	Full buffer

	Simulation bandwidth
	20 MHz for TDD, 
10 MHz+10 MHz for FDD
	10 MHz+10 MHz for FDD
	10 MHz+10 MHz for FDD

	UE density
	10 UEs per TRxP
randomly and uniformly dropped throughout the geographical area
	10 UEs per TRxP
randomly and uniformly dropped throughout the geographical area
	10 UEs per TRxP
randomly and uniformly dropped throughout the geographical area

	UE antenna height
	1.5 m
	1.5 m
	1.5 m

	Channdel Model
	InH_A, InH_B
	InH_A
	InH_A

	Additional parameters 

	Subcarrier spacing
	　
	15 kHz
	15 kHz

	Symbols number per slot
	　
	14
	14

	Number of TXRU per TRxP
	　
	16TXRU, Vertical 1-to-2
(Mp,Np,P,Mg,Ng) = (2,4,2,1,1)
	16TXRU, Vertical 1-to-2
(Mp,Np,P,Mg,Ng) = (2,4,2,1,1)

	Number of TXRU per UE
	　
	2TXRU, (1-to-1 mapping)
(Mp,Np,P,Mg,Ng) = (1,1,2,1,1)    
	2TXRU, (1-to-1 mapping)
(Mp,Np,P,Mg,Ng) = (1,1,2,1,1)    

	TRxP number per site
	　
	1
	1

	Mechanic tilt
	　
	180deg in GCS 
(pointing to the ground)
	180deg in GCS 
(pointing to the ground)

	Electronic tilt
	　
	90deg in LCS
	90deg in LCS

	Scheduling
	　
	SU-PF
	Round Robin

	ACK/NACK delay
	　
	Next available UL slot
	Next available UL slot

	MIMO mode
	　
	SU-MIMO with rank 2/4 adaptation 
	SU-MIMO

	BS receiver type
	　
	MMSE-IRC
	MMSE-IRC

	UE precoder scheme
	　
	Codebook based
	Codebook based

	UL CSI derivation
	　
	Non-precoded SRS based, with delay
	Non-precoded SRS based, with delay

	Power control
	　
	α= 0.6, P0 =-60 dBm
	α= 0.6, P0 =-60 dBm

	RB allocation for Power backoff model
	　
	Continuous: follow TS 38.101;
Non-continuous: additional 2 RB reduction
	Continuous: follow TS 38.101;
Non-continuous: additional 2 RB reduction

	Channel estimation
	　
	Non-ideal
	Non-ideal

	Waveform
	　
	OFDM
	OFDM

	Polarized antenna model
	　
	Model-2 (TR36.873)
	Model-2 (TR36.873)

	Modulation
	　
	Up to 256QAM
	Up to 256QAM








b-  Dense Urban – eMBB

Table 3.b.1. Assumptions and Configuration of Dense Urban-eMBB (Downlink Case)
	　Configuration A - Downlink

	　
	ITU-R M.2412
	MEDIATEK
	INRS-EMT

	Baseline configuration

	Carrier frequency for evaluation
	1 layer (Macro) with 4 GHz
	4 GHz
	4 GHz

	BS antenna height
	25 m
	25 m
	25 m

	Total transmit power per TRxP
	44 dBm for 20 MHz bandwidth
41 dBm for 10 MHz bandwidth
	41 dBm for 10 MHz bandwidth
	41 dBm for 10 MHz bandwidth

	UE power class
	23 dBm
	23 dBm
	23 dBm

	Percentage of high loss and low loss building type
	20% high loss, 80% low loss
	20% high loss, 80% low loss
	20% high loss, 80% low loss

	Inter-site distance
	200 m
	200 m
	200 m

	Number of antenna elements per TRxP
	Up to 256 Tx/Rx
	128Tx cross-polarized antenna (M,N,P,Mg,Ng) = (8,8,2,1,1)
	128Tx cross-polarized antenna (M,N,P,Mg,Ng) = (8,8,2,1,1)

	Number of UE antenna elements
	Up to 8 Tx/Rx
	4Rx                                  (M,N,P,Mg,Ng) = (1,2,2,1,1)
with 0°,90° polarization
	4Rx                                  (M,N,P,Mg,Ng) = (1,2,2,1,1)
with 0°,90° polarization

	Device deployment
	80% indoor, 
20% outdoor (in-car)
Randomly and uniformly distributed over the area under Macro layer
	Aligned with reference
	Aligned with reference

	UE mobility model
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction.
	Aligned with reference
	Aligned with reference

	UE speeds of interest
	Indoor users: 3 km/h
Outdoor users (in-car): 30 km/h
	Aligned with reference
	Aligned with reference

	Inter-site interference modeling
	Explicitly modelled
	Explicitly modelled
	Explicitly modelled

	BS noise figure
	5 dB
	5 dB
	5 dB

	UE noise figure
	7 dB
	7 dB
	7 dB

	BS antenna element gain
	8 dBi
	8 dBi
	8 dBi

	UE antenna element gain
	0 dBi
	0 dBi
	0 dBi

	Thermal noise level
	‒174 dBm/Hz
	‒174 dBm/Hz
	‒174 dBm/Hz

	Traffic model
	Full buffer
	Full buffer
	Full buffer

	Simulation bandwidth
	20 MHz for TDD,
10 MHz+10 MHz for FDD
	10 MHz+10 MHz for FDD
	10 MHz+10 MHz for FDD

	UE density
	10 UEs per TRxP
Randomly and uniformly distributed over the area under Macro layer
	Aligned with reference
	Aligned with reference

	UE antenna height
	Outdoor UEs: 1.5 m
Indoor UTs: 3(nfl – 1) + 1.5; nfl ~ uniform(1,Nfl) where Nfl ~ uniform(4,8)
	Aligned with reference
	Aligned with reference

	Channdel Model
	Macro layer: UMa_A, UMa_B
Micro layer: UMi_A, UMi_B
	UMa_A
	UMa_A

	Additional parameters 　

	Subcarrier spacing
	　
	15 kHz
	15 kHz

	Symbols number per slot
	　
	14
	14

	Number of TXRU per TRxP
	　
	32TXRU, Vertical 2-to-8
(Mp,Np,P,Mg,Ng) = (2,8,2,1,1)
	32TXRU, Vertical 2-to-8
(Mp,Np,P,Mg,Ng) = (2,8,2,1,1)

	TRxP number per site
	　
	3
	3

	Number of TXRU per UE
	　
	4TXRU                      (Mp,Np,P,Mg,Ng) = (1,2,2,1,1)  (1-to-1 mapping)
	4TXRU                      (Mp,Np,P,Mg,Ng) = (1,2,2,1,1)  (1-to-1 mapping)

	Mechanic tilt
	　
	90deg in GCS (pointing to the horizontal direction)
	90deg in GCS (pointing to the horizontal direction)

	Electronic tilt
	　
	105deg in LCS
	105deg in LCS

	Scheduling
	　
	MU-PF
	Round Robin

	ACK/NACK delay
	　
	Next available UL slot
	Next available UL slot

	MIMO mode
	　
	MU-MIMO with rank 4 adaptation per user
Maximum MU layer = 12
	MU-MIMO

	Guard band ratio
	　
	FDD: 6.4% (for 10 MHz)
	FDD: 6.4% (for 10 MHz)

	BS receiver type
	　
	MMSE-IRC
	MMSE-IRC

	Precoder derivation
	　
	FDD: NR Type II codebook based
	FDD: NR Type II codebook based

	Channel estimation
	　
	Non-ideal
	Non-ideal

	Waveform
	　
	OFDM
	OFDM

	Polarized antenna model
	　
	Model-2 (TR36.873)
	Model-2 (TR36.873)

	Modulation
	　
	Up to 256QAM
	Up to 256QAM



            Table 3.b.2. Assumptions and Configuration of Dense Urban-eMBB (Uplink Case)
	　Configuration A - Uplink

	　
	ITU-R M.2412
	MEDIATEK
	INRS-EMT

	Baseline configuration

	Carrier frequency for evaluation
	1 layer (Macro) with 4 GHz
	Aligned with reference
	Aligned with reference

	BS antenna height
	25 m
	25 m
	25 m

	Total transmit power per TRxP
	44 dBm for 20 MHz bandwidth
41 dBm for 10 MHz bandwidth
	41 dBm for 10 MHz bandwidth
	41 dBm for 10 MHz bandwidth

	UE power class
	23 dBm
	23 dBm
	23 dBm

	Percentage of high loss and low loss building type
	20% high loss, 80% low loss
	20% high loss, 80% low loss
	20% high loss, 80% low loss

	Inter-site distance
	200 m
	200 m
	200 m

	Number of antenna elements per TRxP
	Up to 256 Tx/Rx
	128Rx cross-polarized antenna (M,N,P,Mg,Ng) = (8,8,2,1,1)
	128Rx cross-polarized antenna (M,N,P,Mg,Ng) = (8,8,2,1,1)

	Number of UE antenna elements
	Up to 8 Tx/Rx
	2Tx                               (M,N,P,Mg,Ng) = (1,1,2,1,1)
with 0°,90° polarization
	2Tx                               (M,N,P,Mg,Ng) = (1,1,2,1,1)
with 0°,90° polarization

	Device deployment
	80% indoor, 
20% outdoor (in-car)
Randomly and uniformly distributed over the area under Macro layer
	Aligned with reference
	Aligned with reference

	UE mobility model
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction.
	Aligned with reference
	Aligned with reference

	UE speeds of interest
	Indoor users: 3 km/h
Outdoor users (in-car): 30 km/h
	Aligned with reference
	Aligned with reference

	Inter-site interference modeling
	Explicitly modelled
	Explicitly modelled
	Explicitly modelled

	BS noise figure
	5 dB
	5 dB
	5 dB

	UE noise figure
	7 dB
	7 dB
	7 dB

	BS antenna element gain
	8 dBi
	8 dBi
	8 dBi

	UE antenna element gain
	0 dBi
	0 dBi
	0 dBi

	Thermal noise level
	‒174 dBm/Hz
	‒174 dBm/Hz
	‒174 dBm/Hz

	Traffic model
	Full buffer
	Full buffer
	Full buffer

	Simulation bandwidth
	20 MHz for TDD, 
10 MHz+10 MHz for FDD
	10 MHz+10 MHz for FDD
	10 MHz+10 MHz for FDD

	UE density
	10 UEs per TRxP
Randomly and uniformly distributed over the area under Macro layer
	Aligned with reference
	Aligned with reference

	UE antenna height
	Outdoor UEs: 1.5 m
Indoor UTs: 3(nfl – 1) + 1.5; nfl ~ uniform(1,Nfl) where Nfl ~ uniform(4,8)
	Aligned with reference
	Aligned with reference

	Channdel Model
	UMa_A, UMa_B
	UMa_A
	UMa_A

	Additional parameters 

	Subcarrier spacing
	　
	15 kHz
	15 kHz

	Symbols number per slot
	　
	14
	14

	Number of TXRU per TRxP
	　
	16TXRU             (Mp,Np,P,Mg,Ng) = (1,8,2,1,1)
Vertical 1-to-8
	16TXRU             (Mp,Np,P,Mg,Ng) = (1,8,2,1,1)
Vertical 1-to-8

	TRxP number per site
	　
	3
	3

	Number of TXRU per UE
	　
	2TXRU                (Mp,Np,P,Mg,Ng) = (1,1,2,1,1)   (1-to-1 mapping)
	2TXRU                (Mp,Np,P,Mg,Ng) = (1,1,2,1,1)   (1-to-1 mapping)

	Mechanic tilt
	　
	90deg in GCS 
(pointing to the horizontal direction)
	90deg in GCS 
(pointing to the horizontal direction)

	Electronic tilt
	　
	105deg in LCS
	105deg in LCS

	Scheduling
	　
	SU-PF
	Robin Robin

	ACK/NACK delay
	　
	Next available UL slot
	Next available UL slot

	MIMO mode
	　
	SU-MIMO with rank 2/4 adaptation 
	SU-MIMO 

	BS receiver type
	　
	MMSE-IRC
	MMSE-IRC

	UE precoder scheme
	　
	Codebook based
	Codebook based

	UL CSI derivation
	　
	Non-precoded SRS based, with delay
	Non-precoded SRS based, with delay

	Power control
	　
	α= 0.6, P0 =-60 dBm
	α= 0.6, P0 =-60 dBm

	RB allocation for Power backoff model
	　
	Continuous: follow TS 38.101;
Non-continuous: additional 2 RB reduction
	Continuous: follow TS 38.101;
Non-continuous: additional 2 RB reduction

	Channel estimation
	　
	Non-ideal
	Non-ideal

	Waveform
	　
	OFDM
	OFDM

	Polarized antenna model
	　
	Model-2 (TR36.873)
	Model-2 (TR36.873)

	Modulation
	　
	Up to 256QAM
	Up to 256QAM





















c-  Rural – eMBB

Table 3.c.1. Assumptions and Configuration of Rural-eMBB (Downlink Case) – Configuration A
	　Configuration A - Downlink

	　
	ITU-R M.2412
	MEDIATEK
	INRS-EMT

	Baseline configuration　

	Carrier frequency for evaluation
	700 MHz
	700 MHz
	700 MHz

	BS antenna height
	35 m
	35 m
	35 m

	Total transmit power per TRxP
	49 dBm for 20 MHz bandwidth
46 dBm for 10 MHz bandwidth
	46 dBm for 10 MHz bandwidth
	46 dBm for 10 MHz bandwidth

	UE power class
	23 dBm
	23 dBm
	23 dBm

	Percentage of high loss and low loss building type
	100% low loss
	100% low loss
	100% low loss

	Inter-site distance
	1732 m
	1732 m
	1732 m

	Number of antenna elements per TRxP
	Up to 64 Tx/Rx
	64Tx cross-polarized antenna 
(M,N,P,Mg,Ng) = (8,4,2,1,1) (dH,dV) = (0.5, 0.8)λ
	64Tx cross-polarized antenna 
(M,N,P,Mg,Ng) = (8,4,2,1,1) (dH,dV) = (0.5, 0.8)λ

	Number of UE antenna elements
	Up to 4 Tx/Rx
	2Rx                         (M,N,P,Mg,Ng) = (1,1,2,1,1)
0°,90° polarization
	2Rx                         (M,N,P,Mg,Ng) = (1,1,2,1,1)
0°,90° polarization

	Device deployment
	50% indoor, 50% outdoor (in-car)
Randomly and uniformly distributed over the area
	Aligned with reference
	Aligned with reference

	UE mobility model
	Fixed and identical speed |v| of all UEs, randomly and uniformly distributed direction
	Aligned with reference
	Aligned with reference

	UE speeds of interest
	Indoor users: 3 km/h;
Outdoor users (in-car): 120 km/h;
500 km/h for evaluation of mobility in high-speed case
	Indoor users: 3 km/h;
Outdoor users (in-car): 120 km/h;
	Indoor users: 3 km/h;
Outdoor users (in-car): 120 km/h;

	Inter-site interference modeling
	Explicitly modelled
	Explicitly modelled
	Explicitly modelled

	BS noise figure
	5 dB
	5 dB
	5 dB

	UE noise figure
	7 dB
	7 dB
	7 dB

	BS antenna element gain
	8 dBi
	8 dBi
	8 dBi

	UE antenna element gain
	0 dBi
	0 dBi
	0 dBi

	Thermal noise level
	‒174 dBm/Hz
	‒174 dBm/Hz
	‒174 dBm/Hz

	Traffic model
	Full buffer
	Full buffer
	Full buffer

	Simulation bandwidth
	20 MHz for TDD, 
10 MHz+10 MHz for FDD
	10 MHz+10 MHz for FDD
	10 MHz+10 MHz for FDD

	UE density
	10 UEs per TRxP
Randomly and uniformly distributed over the area
	Aligned with reference
	Aligned with reference

	UE antenna height
	1.5 m
	1.5 m
	1.5 m

	Channdel Model
	RMa_A, RMa_B
	RMa_A
	RMa_A

	Additional parameters 　

	Subcarrier spacing
	　
	15 kHz
	15 kHz

	Symbols number per slot
	　
	14
	14

	Number of TXRU per TRxP
	　
	8TXRU                (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)
Vertical 1-to-8
	8TXRU                (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)
Vertical 1-to-8

	TRxP number per site
	　
	3
	3

	Number of TXRU per UE
	　
	 2TXRU, 
(Mp,Np,P,Mg,Ng) = (1,1,2,1,1)
(1-to-1 mapping)
	 2TXRU, 
(Mp,Np,P,Mg,Ng) = (1,1,2,1,1)
(1-to-1 mapping)

	Mechanic tilt
	　
	90deg in GCS (pointing to the horizontal direction)
	90deg in GCS (pointing to the horizontal direction)

	Electronic tilt
	　
	100deg in LCS 
	100deg in LCS 

	Scheduling
	　
	MU-PF
	Round Robin

	ACK/NACK delay
	　
	Next available UL slot
	Next available UL slot

	MIMO mode
	　
	MU-MIMO with rank 2/4 adaptation per user
	MU-MIMO

	Guard band ratio
	　
	FDD: 6.4% (for 10 MHz)
	FDD: 6.4% (for 10 MHz)

	BS receiver type
	　
	MMSE-IRC
	MMSE-IRC

	Precoder derivation
	　
	FDD: NR Type II codebook based
	FDD: NR Type II codebook based

	Channel estimation
	　
	Non-ideal
	Non-ideal

	Waveform
	　
	OFDM
	OFDM

	Polarized antenna model
	　
	Model-2 (TR36.873)
	Model-2 (TR36.873)

	Modulation
	　
	Up to 256QAM
	Up to 256QAM




Table 3.c.2. Assumptions and Configuration of Rural-eMBB (Uplink Case) – Configuration A
	　Configuration A - Uplink

	　
	ITU-R M.2412
	MEDIATEK
	INRS-EMT

	Baseline configuration

	Carrier frequency for evaluation
	700 MHz
	700 MHz
	700 MHz

	BS antenna height
	35 m
	35 m
	35 m

	Total transmit power per TRxP
	49 dBm for 20 MHz bandwidth
46 dBm for 10 MHz bandwidth
	46 dBm for 10 MHz bandwidth
	46 dBm for 10 MHz bandwidth

	UE power class
	23 dBm
	23 dBm
	23 dBm

	Percentage of high loss and low loss building type
	100% low loss
	100% low loss
	100% low loss

	Inter-site distance
	1732 m
	1732 m
	1732 m

	Number of antenna elements per TRxP
	Up to 256 Tx/Rx
	64Rx cross-polarized antenna 
(M,N,P,Mg,Ng) = (8,4,2,1,1) (dH,dV) = (0.5, 0.8)λ
	64Rx cross-polarized antenna 
(M,N,P,Mg,Ng) = (8,4,2,1,1) (dH,dV) = (0.5, 0.8)λ

	Number of UE antenna elements
	Up to 8 Tx/Rx
	1Tx (M,N,P,Mg,Ng) = (1,1,1,1,1)
0°,90° polarization
	1Tx (M,N,P,Mg,Ng) = (1,1,1,1,1)
0°,90° polarization

	Device deployment
	100% indoor
Randomly and uniformly distributed over the area
	50% indoor, 50% outdoor (in car)
Randomly and uniformly distributed over the area
	50% indoor, 50% outdoor (in car)
Randomly and uniformly distributed over the area

	UE mobility model
	Fixed and identical speed |v| of all UEs, randomly and uniformly distributed direction
	Aligned with reference
	Aligned with reference

	UE speeds of interest
	100% indoor, 3 km/h
	Aligned with reference
	Aligned with reference

	Inter-site interference modeling
	Explicitly modelled
	Explicitly modelled
	Explicitly modelled

	BS noise figure
	5 dB
	5 dB
	5 dB

	UE noise figure
	7 dB
	7 dB
	7 dB

	BS antenna element gain
	8 dBi
	8 dBi
	8 dBi

	UE antenna element gain
	0 dBi
	0 dBi
	0 dBi

	Thermal noise level
	‒174 dBm/Hz
	‒174 dBm/Hz
	‒174 dBm/Hz

	Traffic model
	Full buffer
	Full buffer
	Full buffer

	Simulation bandwidth
	20 MHz for TDD, 
10 MHz+10 MHz for FDD
	10 MHz+10 MHz for FDD
	10 MHz+10 MHz for FDD

	UE density
	10 UEs per TRxP
randomly and uniformly dropped throughout the geographical area
	Aligned with reference
	Aligned with reference

	UE antenna height
	1.5 m
	1.5 m
	1.5 m

	Channdel Model
	UMa_A, UMa_B
	UMa_A
	UMa_A

	Additional parameters

	Subcarrier spacing
	　
	15 kHz
	15 kHz

	Symbols number per slot
	　
	14
	14

	Number of TXRU per TRxP
	　
	8TXRU                     (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)
Vertical 1-to-8
	8TXRU                     (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)
Vertical 1-to-8

	TRxP number per site
	　
	3
	3

	Number of TXRU per UE
	　
	 1TXRU, 
(Mp,Np,P,Mg,Ng) = (1,1,1,1,1)
(1-to-1 mapping)
	 1TXRU, 
(Mp,Np,P,Mg,Ng) = (1,1,1,1,1)
(1-to-1 mapping)

	Mechanic tilt
	　
	90deg in GCS 
(pointing to the horizontal direction)
	90deg in GCS 
(pointing to the horizontal direction)

	Electronic tilt
	　
	100deg in LCS
	100deg in LCS

	Scheduling
	　
	SU-PF
	Round Robin

	ACK/NACK delay
	　
	Next available UL slot
	Next available UL slot

	MIMO mode
	　
	SU-MIMO with rank 2/4 adaptation 
	SU-MIMO

	BS receiver type
	　
	MMSE-IRC
	MMSE-IRC

	UE precoder scheme
	　
	Codebook based
	Codebook based

	UL CSI derivation
	　
	Non-precoded SRS based, with delay
	Non-precoded SRS based, with delay

	Power control
	　
	α= 0.8, P0 =-76 dBm
	α= 0.8, P0 =-76 dBm

	RB allocation for Power backoff model
	　
	Continuous: follow TS 38.101;
Non-continuous: additional 2 RB reduction
	Continuous: follow TS 38.101;
Non-continuous: additional 2 RB reduction

	Channel estimation
	　
	Non-ideal
	Non-ideal

	Waveform
	　
	OFDM
	OFDM

	Polarized antenna model
	　
	Model-2 (TR36.873)
	Model-2 (TR36.873)

	Modulation
	　
	Up to 256QAM
	Up to 256QAM




Table 3.c.3. Assumptions and Configuration of Rural-eMBB (Downlink Case) – Configuration B
	　Configuration B - Downlink

	　
	ITU-R M.2412
	MEDIATEK
	INRS-EMT

	Baseline configuration　

	Carrier frequency for evaluation
	4 GHz
	4 GHz
	4 GHz

	BS antenna height
	35 m
	35 m
	35 m

	Total transmit power per TRxP
	49 dBm for 20 MHz bandwidth
46 dBm for 10 MHz bandwidth
	46 dBm for 10 MHz bandwidth
	46 dBm for 10 MHz bandwidth

	UE power class
	23 dBm
	23 dBm
	23 dBm

	Percentage of high loss and low loss building type
	100% low loss
	100% low loss
	100% low loss

	Inter-site distance
	1732 m
	1732 m
	1732 m

	Number of antenna elements per TRxP
	Up to 64 Tx/Rx
	128Tx cross-polarized antenna 
(M,N,P,Mg,Ng) = (8,8,2,1,1) (dH,dV) = (0.5, 0.8)λ
	128Tx cross-polarized antenna 
(M,N,P,Mg,Ng) = (8,8,2,1,1) (dH,dV) = (0.5, 0.8)λ

	Number of UE antenna elements
	Up to 4 Tx/Rx
	4Rx                         (M,N,P,Mg,Ng) = (1,2,2,1,1)
0°,90° polarization
	4Rx                         (M,N,P,Mg,Ng) = (1,2,2,1,1)
0°,90° polarization

	Device deployment
	50% indoor, 50% outdoor (in-car)
Randomly and uniformly distributed over the area
	Aligned with reference
	Aligned with reference

	UE mobility model
	Fixed and identical speed |v| of all UEs, randomly and uniformly distributed direction
	Aligned with reference
	Aligned with reference

	UE speeds of interest
	Indoor users: 3 km/h;
Outdoor users (in-car): 120 km/h;
500 km/h for evaluation of mobility in high-speed case
	Indoor users: 3 km/h;
Outdoor users (in-car): 120 km/h;
	Indoor users: 3 km/h;
Outdoor users (in-car): 120 km/h;

	Inter-site interference modeling
	Explicitly modelled
	Explicitly modelled
	Explicitly modelled

	BS noise figure
	5 dB
	5 dB
	5 dB

	UE noise figure
	7 dB
	7 dB
	7 dB

	BS antenna element gain
	8 dBi
	8 dBi
	8 dBi

	UE antenna element gain
	0 dBi
	0 dBi
	0 dBi

	Thermal noise level
	‒174 dBm/Hz
	‒174 dBm/Hz
	‒174 dBm/Hz

	Traffic model
	Full buffer
	Full buffer
	Full buffer

	Simulation bandwidth
	20 MHz for TDD, 
10 MHz+10 MHz for FDD
	10 MHz+10 MHz for FDD
	10 MHz+10 MHz for FDD

	UE density
	10 UEs per TRxP
Randomly and uniformly distributed over the area
	Aligned with reference
	Aligned with reference

	UE antenna height
	1.5 m
	1.5 m
	1.5 m

	Channdel Model
	RMa_A, RMa_B
	RMa_A
	RMa_A

	Additional parameters 　

	Subcarrier spacing
	　
	15 kHz
	15 kHz

	Symbols number per slot
	　
	14
	14

	Number of TXRU per TRxP
	　
	32TXRU, 
(Mp,Np,P,Mg,Ng) = (2,8,2,1,1)
	32TXRU, 
(Mp,Np,P,Mg,Ng) = (2,8,2,1,1)

	TRxP number per site
	　
	3
	3

	Number of TXRU per UE
	　
	 4TXRU, (Mp,Np,P,Mg,Ng) = (1,2,2,1,1)
(1-to-1 mapping)
	 4TXRU, (Mp,Np,P,Mg,Ng) = (1,2,2,1,1)
(1-to-1 mapping)

	Mechanic tilt
	　
	90deg in GCS (pointing to the horizontal direction)
	90deg in GCS (pointing to the horizontal direction)

	UT attachment
	　
	Based on RSRP (Eq. (8.1-1) in TR 36.873) from port 0
	Based on RSRP (Eq. (8.1-1) in TR 36.873) from port 0

	Scheduling
	　
	MU-PF
	Round Robin

	ACK/NACK delay
	　
	Next available UL slot
	Next available UL slot

	MIMO mode
	　
	MU-MIMO with rank 2/4 adaptation per user
	MU-MIMO

	Guard band ratio
	　
	FDD: 6.4% (for 10 MHz)
	FDD: 6.4% (for 10 MHz)

	BS receiver type
	　
	MMSE-IRC
	MMSE-IRC

	Precoder derivation
	　
	FDD: NR Type II codebook based
	FDD: NR Type II codebook based

	Channel estimation
	　
	Non-ideal
	Non-ideal

	Waveform
	　
	OFDM
	OFDM

	Polarized antenna model
	　
	Model-2 (TR36.873)
	Model-2 (TR36.873)

	Modulation
	　
	Up to 256QAM
	Up to 256QAM




Table 3.c.4. Assumptions and Configuration of Rural-eMBB (Uplink Case) – Configuration B

	Configuration B - Uplink

	　
	ITU-R M.2412
	MEDIATEK
	INRS

	Baseline configuration
	　
	　

	Carrier frequency for evaluation
	4 GHz
	4 GHz
	4 GHz

	BS antenna height
	35 m
	35 m
	35 m

	Total transmit power per TRxP
	49 dBm for 20 MHz bandwidth
46 dBm for 10 MHz bandwidth
	46 dBm for 10 MHz bandwidth
	46 dBm for 10 MHz bandwidth

	UE power class
	23 dBm
	23 dBm
	23 dBm

	Percentage of high loss and low loss building type
	100% low loss
	100% low loss
	100% low loss

	Inter-site distance
	1732 m
	1732 m
	1732 m

	Number of antenna elements per TRxP
	Up to 256 Tx/Rx
	128Rx cross-polarized antenna 
(M,N,P,Mg,Ng) = (8,8,2,1,1) (dH,dV) = (0.5, 0.8)λ
	128Rx cross-polarized antenna 
(M,N,P,Mg,Ng) = (8,8,2,1,1) (dH,dV) = (0.5, 0.8)λ

	Number of UE antenna elements
	Up to 8 Tx/Rx
	1Tx                         (M,N,P,Mg,Ng) = (1,1,1,1,1)
0°,90° polarization
	1Tx                         (M,N,P,Mg,Ng) = (1,1,1,1,1)
0°,90° polarization

	Device deployment
	50% indoor, 50% outdoor (in car)
Randomly and uniformly distributed over the area
	Aligned with reference
	Aligned with reference

	UE mobility model
	Fixed and identical speed |v| of all UEs, randomly and uniformly distributed direction
	Aligned with reference
	Aligned with reference

	UE speeds of interest
	100% indoor, 3 km/h
	Indoor users: 3 km/h;
Outdoor users (in-car): 120 km/h;
	Indoor users: 3 km/h;
Outdoor users (in-car): 120 km/h;

	Inter-site interference modeling
	Explicitly modelled
	Explicitly modelled
	Explicitly modelled

	BS noise figure
	5 dB
	5 dB
	5 dB

	UE noise figure
	7 dB
	7 dB
	7 dB

	BS antenna element gain
	8 dBi
	8 dBi
	8 dBi

	UE antenna element gain
	0 dBi
	0 dBi
	0 dBi

	Thermal noise level
	‒174 dBm/Hz
	‒174 dBm/Hz
	‒174 dBm/Hz

	Traffic model
	Full buffer
	Full buffer
	Full buffer

	Simulation bandwidth
	20 MHz for TDD, 
10 MHz+10 MHz for FDD
	10 MHz+10 MHz for FDD
	10 MHz+10 MHz for FDD

	UE density
	10 UEs per TRxP
randomly and uniformly dropped throughout the geographical area
	Aligned with reference
	Aligned with reference

	UE antenna height
	1.5 m
	1.5 m
	1.5 m

	Channdel Model
	UMa_A, UMa_B
	UMa_A
	UMa_A

	Additional parameters 　

	Subcarrier spacing
	　
	15 kHz
	15 kHz

	Symbols number per slot
	　
	14
	14

	Number of TXRU per TRxP
	　
	32TXRU                     (Mp,Np,P,Mg,Ng) = (2,8,2,1,1)
Vertical 1-to-4
	32TXRU                     (Mp,Np,P,Mg,Ng) = (2,8,2,1,1)
Vertical 1-to-4

	TRxP number per site
	　
	3
	3

	Number of TXRU per UE
	　
	 1TXRU, 
(Mp,Np,P,Mg,Ng) = (1,1,1,1,1)
(1-to-1 mapping)
	 1TXRU, 
(Mp,Np,P,Mg,Ng) = (1,1,1,1,1)
(1-to-1 mapping)

	Mechanic tilt
	　
	90deg in GCS 
(pointing to the horizontal direction)
	90deg in GCS 
(pointing to the horizontal direction)

	Electronic tilt
	　
	100deg in LCS
	100deg in LCS

	Scheduling
	　
	SU-PF
	Round Robin

	ACK/NACK delay
	　
	Next available UL slot
	Next available UL slot

	MIMO mode
	　
	SU-MIMO with rank 2/4 adaptation 
	SU-MIMO

	BS receiver type
	　
	MMSE-IRC
	MMSE-IRC

	UE precoder scheme
	　
	Codebook based
	Codebook based

	UL CSI derivation
	　
	Non-precoded SRS based, with delay
	Non-precoded SRS based, with delay

	Power control
	　
	α= 0.6, P0 =-70 dBm
	α= 0.6, P0 =-70 dBm

	RB allocation for Power backoff model
	　
	Continuous: follow TS 38.101;
Non-continuous: additional 2 RB reduction
	Continuous: follow TS 38.101;
Non-continuous: additional 2 RB reduction

	Channel estimation
	　
	Non-ideal
	Non-ideal

	Waveform
	　
	OFDM
	OFDM

	Polarized antenna model
	　
	Model-2 (TR36.873)
	Model-2 (TR36.873)

	Modulation
	　
	Up to 256QAM
	Up to 256QAM

















4-  Candidates configuration comparison

As it can be seen in Table.16, 3GPP, China, and Korea provide the same guidelines, and thus, our results can be generalized for the three candidates. On the other hand, ETSI SRIT have different requirements that need to be taken into account In Table 23. ETSI SRIT consists of two component RITs, “DECT-2020-NR” and “3GPP-NR”.  The  3GPP-NR component RIT for ETSI is the same as in the „3GPP 5G CANDIDATE FOR INCLUSION IN IMT-2020: SUBMISSION 2 FOR IMT-2020 (RIT)“ package.


Table 4.1. Assumptions and Configuration of the proposed candidates
	
	3GPP (radio interface technologies: RIT)
	3GPP - SRIT
	ETSI – SRIT
(DECT-2020-NR)
	TSDSI
	NuFront

	 Test environment
	all the five test environments
	all the five test environments
	This proposal addresses all the five test environments across the three usage scenarios (eMBB, mMTC, and URLLC) as described in Report ITU-R M.2412-0.
Within the SRIT, the DECT-2020 NR component address two usage scenarios (mMTC and URLLC) as described in ITU-R M.2412.0.
The eMBB usage scenario is addressed by the 3GPP NR component.
	all the five test environments
	all the five test environments

	Multiple access schemes
	- DL/UL
OFDMA: 
· Synchronous/scheduling-based
· Mutually orthogonal frequency assignments for UE transmission. 
· One RB consist of 12 subcarriers. Multiple sub-carrier spacings (15kHz, 30kHz, 60kHz and 120kHz) are  supported including  for data 
·  CP-OFDM for DL/UL and possibly DFT-spread in UL
· Spectral confinement technique is transparent to the receiver. 
TDMA:
One slot consisting of 14 OFDM symbols, or 2~13 OFDM symbols non-slot (for DL) or 1~13 OFDM symbols (for UL) within one slot. The physical length of one slot ranges from 0.125ms to 1ms depending on the sub-carrier spacing
CDMA:
• Inter-cell interference suppressed by processing gain of channel coding
 (for more details on channel-coding, see Item
5.2.3.2.2.3 and the reference therein).
SDMA:
• Possibility to transmit to/from multiple users using the same time/frequency resource (SDMA a.k.a. “multi-user MIMO (for more details on the advanced antenna capabilities, see Item 5.2.3.2.9 and the reference therein) 
• UL transmission scheme without scheduling grant is supported.
•The above scheme is applied to eMBB and URLLC.
	For NR component RIT:
- Downlink and Uplink:
The multiple access is a combination of
• OFDMA: Synchronous/scheduling-based; the transmission to/from different UEs uses mutually orthogonal frequency assignments. Granularity in frequency assignment: One resource block consisting of 12 subcarriers. Multiple sub-carrier spacings are supported including 15kHz, 30kHz, 60kHz and 120kHz for data (see Item 5.2.3.2.7 and reference therein).
n CP-OFDM is applied for both downlink and uplink. DFT-spread OFDM can also be configured for uplink.
n Spectral confinement technique(s) (e.g. filtering, windowing, etc.) for a waveform at the transmitter is transparent to the receiver. When such confinement techniques are used, the spectral utilization ratio can be enhanced.
• TDMA: Transmission to/from different UEs with separation in time. Granularity: One slot consisting of 14 OFDM symbols, or 2, 4, 7 OFDM symbols within one slot. The
physical length of one slot ranges from 0.125ms to 1ms depending on the sub-carrier spacing (for more details on the frame structure, see Item 5.2.3.2.7 and the references therein).
• CDMA: Inter-cell interference suppressed by processing gain of channel coding allowing for a frequency reuse of one (for more details on channel-coding, see Item 5.2.3.2.2.3 and the reference therein).
• SDMA: Possibility to transmit to/from multiple users using the same time/frequency resource (SDMA a.k.a. “multi-user MIMO”) as part of the advanced-antenna capabilities (for more details on the advanced-antenna capabilities, see Item 5.2.3.2.9 and the least an UL transmission scheme without scheduling grant is supported.
The above scheme is at least applied to eMBB and URLLC. (Note: Synchronous means that timing offset between UEs is within cyclic prefix by e.g. timing alignment.)
For LTE component RIT:
- Downlink and Uplink:
The multiple access is a combination of
• OFDMA: Synchronous/scheduling-based is supported for both DL and UL; the
transmission to/from different UEs uses mutually orthogonal frequency assignments. In
addition, non-orthogonal multiple access is supported for DL (known as MUST, see
[36.211] sub-clause 7.1.2 for more details). Granularity in frequency assignment: One
resource block consisting of 12 subcarriers. Sub-carrier spacings of 15kHz is supported
for uni-cast data and subcarrier spacings of 15kHz, 7.5kHz and 1.25kHz are supported
for multi-cast data (see Item 5.2.3.2.7 and reference therein).
n CP-OFDM is applied for downlink. DFT-spread OFDM is applied for uplink.
• TDMA: Transmission to/from different UEs with separation in time. Granularity: One
subframe of length 1 ms, or slot of 7 OFDM symbols (0.5ms), or sub-slot of length 2~3
OFDM symbols (0.143ms~0.214ms) (for more details on the frame structure, see Item
5.2.3.2.7 and the references therein).
• CDMA: Inter-cell interference suppressed by processing gain of channel coding
allowing for a frequency reuse of one (for more details on channel-coding, see Item
5.2.3.2.2.3 and the reference therein).
• SDMA: Possibility to transmit to/from multiple users using the same time/frequency
resource (SDMA a.k.a. “multi-user MIMO”) as part of the advanced-antenna capabilities
(for more details on the advanced-antenna capabilities, see Item 5.2.3.2.9 and the
reference therein)
For NB-IoT, the multiple access is a combination of OFDMA, TDMA and CDMA, where
OFDMA and TDMA are as follows
• OFDMA:
n UL: DFT-spread OFDM. Granularity in frequency domain: A single sub-carrier
with either 3.75 kHz or 15 kHz sub-carrier spacing, or 3, 6, or 12 sub-carriers with
a sub-carrier spacing of 15 kHz. A resource block consists of 12 sub-carriers with
15 kHz sub-carrier spacing, or 48 sub-carriers with 3.75 kHz sub-carrier spacing
→ 180 kHz.
n DL: Granularity in frequency domain: one resource block consisting of 12
subcarriers with 15 kHz sub-carrier spacing→ 180 kHz
• TDMA: Transmission to/from different UEs with separation in time
n UL: Granularity: One resource unit of 1 ms, 2 ms, 4 ms, 8 ms, with 15 kHz subcarrier
spacing, depending on allocated number of sub-carrier(s); or 32 ms with
3.75 kHz sub-carrier spacing (for more details on the frame structure, see Item
5.2.3.2.7 and the references therein)
n DL: Granularity: One resource unit (subframe) of length 1 ms.
n Repetition of a transmission is supported.
	For DECT-2020 NR component RIT:
Both time-division and frequency-division multiple access. The system can simultaneously use multiple frequency sub-channels, and within each, sequential uplink or downlink transfers may occur. Time-overlapping transmit/receive is not supported: the FP device can perform independent transmission to multiple PP devices on a given time interval; on a different time interval the FP device can receive transmissions from multiple PP devices.
An FP device can support simultaneous links to multiple PP devices.
Nominal sub-carrier spacing is 27 kHz with a nominal time slot duration of 416.67µs. Additional sub-carrier spacings up to 432 kHz are supported depending on deployment.
	- DL/UL
OFDMA: 
· Synchronous/scheduling-based
· Mutually orthogonal frequency assignments for UE transmission. 
· One RB consist of 12 subcarriers. Multiple sub-carrier spacings (15kHz, 30kHz, 60kHz and 120kHz) are  supported including  for data 
·  CP-OFDM for DL/UL and possibly DFT-spread in UL
· Spectral confinement technique is transparent to the receiver. 
TDMA:
One slot consisting of 14 OFDM symbols, or 2~13 OFDM symbols non-slot (for DL) or 1~13 OFDM symbols (for UL) within one slot. The physical length of one slot ranges from 0.125ms to 1ms depending on the sub-carrier spacing
CDMA:
• Inter-cell interference suppressed by processing gain of channel coding
 (for more details on channel-coding, see Item
5.2.3.2.2.3 and the reference therein).
SDMA:
• Possibility to transmit to/from multiple users using the same time/frequency resource (SDMA a.k.a. “multi-user MIMO (for more details on the advanced antenna capabilities, see Item 5.2.3.2.9 and the reference therein) 
• UL transmission scheme without scheduling grant is supported.
•The above scheme is applied to eMBB and URLLC.
	Downlink and uplink 
The multiple access is a combination of 
• OFDMA: The base station allocates mutually orthogonal frequencies to different users to transfer data. The minimum frequency resource packet of the OFDMA is 16 sub-carriers (Resource Unit, RU).  The sub-carrier spacing of EUHT IMT bands is 78.125KHz. If bandwidth is 10MHz/5MHz, the sub-carrier spacing will be 39.0625KHz/19.53KHz. The sub-carrier spacing of EUHT higher frequency bands is 390.625KHz. 
The CP-OFDM is applied for both downlink and uplink. The CP ratio can be configured to 1/4 or 1/8.
-TDMA: The base station allocates different OFDM symbols to different users to transfer data. The granularity is one OFDM symbol. 
• SDMA: Transmission to/from multiple users uses the same time/frequency resource. (For more details, see Item 5.2.3.2.9).

	baseband modulation scheme and symbol rate after modulation
	DL
· For data and higher-layer control information: QPSK, 16QAM, 64QAM and 256QAM 
· L1/L2 control: QPSK 
· Symbol rate: 1344ksymbols/s per 1440kHz RB 
· UL
· For both data and higher-layer control information: π/2-BPSK (when precoding is enabled), QPSK, 16QAM, 64QAM and 256QAM 
· L1/L2 control: BPSK, π/2-BPSK, QPSK 
· Symbol rate: 1344ksymbols/s per 1440kHz RB
· The above is at least applied to eMBB.
	For NR component RIT:
- Downlink:
• For both data and higher-layer control information: QPSK, 16QAM, 64QAM and
256QAM (see [38.211] sub-clause 7.3.1.2).
• L1/L2 control: QPSK (see [38.211] sub-clause 7.3.2.4).
• Symbol rate: 1344ksymbols/s per 1440kHz resource block (equivalently 168ksymbols/s
per 180kHz resource block)
- Uplink:
• For both data and higher-layer control information: π/2-BPSK (when precoding is
enabled), QPSK, 16QAM, 64QAM and 256QAM (see [38.211] sub-clause 6.3.1.2).
• L1/L2 control: BPSK, π/2-BPSK, QPSK (see [38.211] sub-clause 6.3.2).
• Symbol rate: 1344ksymbols/s per 1440kHz resource block (equivalently 168ksymbols/s
per 180kHz resource block)
The above is at least applied to eMBB.
For LTE component RIT:
- Downlink:
• For both data and higher-layer control information: QPSK, 16QAM, 64QAM and
256QAM (see [36.211] sub-clause 6.3.2). 1024QAM is being specified.
• L1/L2 control: QPSK (see [36.211] sub-clauses 6.7.2, 6.8.3, and 6.8A.3)
• Symbol rate: 168ksymbols/s per 180kHz resource block
- Uplink:
• For both data and higher-layer control information: QPSK, 16QAM, 64QAM and
256QAM are supported (see [36.211] sub-clause 5.3.2).
• L1/L2 control: BPSK, QPSK (see [36.211] sub-clause 5.4)
• Symbol rate: 168ksymbols/s per 180kHz resource block
For NB-IoT, the modulation scheme is as follows.
• Data and higher-layer control: π/2-BPSK (uplink only), π/4-QPSK (uplink only), QPSK
• L1/L2 control:  π/2-BPSK (uplink), QPSK (downlink)
Symbol rate: 168 ksymbols/s per 180 kHz resource block. For UL, less than one resource block
may be allocated.
	For data and control OFDM with 24 Khz nominal symbol rate used, we have one of the following configuration:
(modulation, code rate, Allowed constellation error)
· (BPSK,1/4,-4)
· (BPSK,1/2,-5)

· (QPSK,1/2,-10)
· (QPSK,3/4,-13)

· (16QAM,1/2,-16)
· (16QAM,3/4,-19)

· (64QAM ,2/3,-22) 
· (64QAM ,3/4,-25)
· (64QAM ,5/6,-27)

· (256QAM,3/4,-30)
· (256QAM,5/6,-32)

· (1024QAM ,3/4,-35)
· (1024QAM ,5/6,-37)


	DL
· For data and higher-layer control information: QPSK, 16QAM, 64QAM and 256QAM 
· L1/L2 control: QPSK 
· Symbol rate: 1344ksymbols/s per 1440kHz RB 
· UL
· For both data and higher-layer control information: π/2-BPSK (when precoding is enabled), QPSK, 16QAM, 64QAM and 256QAM 
· L1/L2 control: BPSK, π/2-BPSK, QPSK 
· Symbol rate: 1344ksymbols/s per 1440kHz RB
The above is at least applied to eMBB.
	For IMT bands:
- Downlink and Uplink 
• For both data and higher-layer control information: BPSK, QPSK, 16QAM, 64QAM，256QAM, 1024QAM. 
• L1/L2 control: BPSK and QPSK
• Symbol rate: 69.4K symbols/s (The OFDM symbol rate is 14.4us when the 1/8-ratio CP is applied)

For higher frequency bands: 
- Downlink and Uplink 
• For both data and higher-layer control information: BPSK, QPSK, 16QAM, 64QAM，256QAM, 1024QAM. 
• L1/L2 control: QPSK
• Symbol rate: 347.2K symbols/s (OFDM sampling rate: 400MHz, FFT: 1024 points, CP ratio: 1/8).

	average power ratio after baseband filtering (dB)
	The PAPR depends on the waveform and the number of component carriers. 
The single component carrier transmission is assumed herein when providing the PAPR. For DFT-spread OFDM, PAPR would depend on modulation scheme as well.
For uplink using DFT-spread OFDM, the cubic metric (CM) can also be used as one of the
methods of predicting the power de-rating from signal modulation characteristics, if needed.
DL
· PAPR is 8.4dB (99.9%)
· UL
· For CP-OFDM PAPR is 8.4dB (99.9%)
· DFT-spread PAPR (99.9%) is:
4.5 db for π/2-BPSK
5.8 dB for QPSK
6.5 dB for 16QAM
6.6 dB for 64QAM
6.7 dB for 256QAM
CM (99.9%) is:
0.3 dB for π/2-BPSK
1.2 dB for QPSK
2.1 dB for 16QAM
2.3 dB for 64QAM
2.4 dB for 256QAM

	The PAPR depends on the waveform and the number of component carriers. The single
component carrier transmission is assumed herein when providing the PAPR. For DFT-spread
OFDM, PAPR would depend on modulation scheme as well.
For uplink using DFT-spread OFDM, the cubic metric (CM) can also be used as one of the
methods of predicting the power de-rating from signal modulation characteristics, if needed.
For NR component RIT:
- Downlink:
The PAPR is 8.4dB (99.9%)
- Uplink:
• For CP-OFDM:
The PAPR is 8.4dB (99.9%)
• For DFT-spread OFDM:
The PAPR is provided in the table on page 4.
Spectrum shaping can be used for a user with π/2 BPSK DFT-S-OFDM for above 24 GHz.
For LTE component RIT:
- Downlink:
The PAPR is 8.4dB (99.9%).
- Uplink:
• For DFT-spread OFDM:
The PAPR is provided in the table on page 4.
For NB-IoT,
- Downlink:
The PAPR is 8.0dB (99.9%) on 180kHz resource.
- Uplink:
The PAPR is 0.23 – 5.6 dB (99.9 %) depending on sub-carriers allocated for available NBIoT
UL modulation.
PAPR-reduction algorithm for NR and LTE:
Any PAPR-reduction algorithm is transmitter-implementation specific for uplink and downlink.
	Expected PAPR range is [7, 12] dB. 
More details in 5.2.3.2.2.2.2.
	The PAPR depends on the waveform and the number of component carriers. 
The single component carrier transmission is assumed herein when providing the PAPR. For DFT-spread OFDM, PAPR would depend on modulation scheme as well.
For uplink using DFT-spread OFDM, the cubic metric (CM) can also be used as one of the
methods of predicting the power de-rating from signal modulation characteristics, if needed.
DL
· PAPR is 8.4dB (99.9%)
· UL
· For CP-OFDM PAPR is 8.4dB (99.9%)
· DFT-spread PAPR (99.9%) is:
4.5 db for π/2-BPSK
5.8 dB for QPSK
6.5 dB for 16QAM
6.6 dB for 64QAM
6.7 dB for 256QAM
CM (99.9%) is:
0.3 dB for π/2-BPSK
1.2 dB for QPSK
2.1 dB for 16QAM
2.3 dB for 64QAM
2.4 dB for 256QAM

	The PAPR depends on the waveform and the number of sub-carriers. 
Downlink and Uplink 
Both the uplink PAPR and the downlink PAPR are 8.6dB (99.9%). 
All the PAPR reduction algorithms are implemented at the transmitter irrespective of uplink or downlink. The CFR (Crest Factor Reduction) algorithm may be used to reduce the PAPR to 7dB or even lower.

	physical channel bit rate (M or Gbit/s) for supported bandwidths
	The physical channel bit rate depends on the modulation scheme, number of spatial-multiplexing layer, number of RB in the channel bandwidth and the subcarrier spacing used. 

The physical channel bit rate per layer:

Where:
 is the number of bits per modulation symbol :
2 dB for QPSK
4 dB for 16QAM
6 dB for 64QAM
8 dB for 256QAM

 μ depends on the subcarrier spacing, Δ𝑓, given by
  
	For NR component RIT:
The physical channel bit rate depends on the modulation scheme, number of spatial-multiplexing
layer, number of resource blocks in the channel bandwidth and the subcarrier spacing used. The
physical channel bit rate per layer can be expressed as 
Rlayer = N_mod x N_RB x 2^μ x 168 kbps
where
- N_mod is the number of bits per modulation symbol for the applied modulation scheme
(QPSK: 2, 16QAM: 4, 64QAM: 6, 256QAM: 8)
- N_RB is the number of resource blocks in the aggregated frequency domain which depends 
on the channel bandwidth.
- μ depends on the subcarrier spacing, Δ𝑓, given by Δ𝑓 = 2^μ ∙ 15 [𝑘𝐻𝑧], 𝜇 = 0,1,…3
For LTE component RIT:
The physical channel bit rate depends on the modulation scheme, number of spatial-multiplexing
layers and number of resource blocks in the channel bandwidth. The physical channel bit rate per
layer can be expressed as
R_layer = N_mod x N_RB x 168 kbps
where
- N_mod is the number of bits per modulation symbol for the applied modulation scheme
(QPSK: 2, 16QAM: 4, 64QAM: 6, 256QAM: 8, 1024QAM: 10)
- N_RB is the number of resource blocks in the aggregated frequency domain which depends
on the channel bandwidth (e.g. N_RB =25 for 5 MHz, N_RB =50 for 10 MHz, and N_RB =100 for 20 MHz. For channel bandwidth larger than 20 MHz (carrier aggregation), the
channel bit rate will scale accordingly.
NB-IoT only supports transmission of a single layer and the physical channel bit rate is as above, but with N_mod limited to 1(BPSK) or 2 (QPSK) and N_RB= 1. For MBMS, 1.25 kHz and 7.5 kHz subcarrier spacing are also supported, scaling the physical channel bit rate accordingly.
	physical channel bit rate (Mbps) depends on the Bandwidth (MHz), occupied bandwidth (MHz), subcarrier spacing (KHz):
(BW,oc BW, Δ𝑓)=BR
(0.864,0.648,27)= 28.8
(1.728,1.512,27)=74.88
(3.456,3.131,27)=155.52
(6.912,6.588,27)=336.96
(13.824,13.5,27)=673.92
(20.736,17.928,27)=915.84
(27.648,27,27)=1347.84
(55.296,52.704,216)=2695.68
(110.592,108,216)=5391.36
(165.888,146.424,216)=7326.72
(221.184,216,216)=10782.72

	The physical channel bit rate depends on the modulation scheme, number of spatial-multiplexing layer, number of RB in the channel bandwidth and the subcarrier spacing used. 

The physical channel bit rate per layer:

Where:
 is the number of bits per modulation symbol :
2 dB for QPSK
4 dB for 16QAM
6 dB for 64QAM
8 dB for 256QAM

 μ depends on the subcarrier spacing, Δ𝑓, given by
  
	The bit rate of the physical channel depends on the modulation mode, code rate, number of spatial streams, number of valid data subcarriers and FFT size of channel bandwidth, cyclic prefix (CP) length, and subcarrier spacing. For each spatial stream, the bit rate of the physical channel can be expressed as


	R_c is the coding rate.
	N_BPSC is the number of the bits used by each subcarrier modulation symbol (BPSK&SQPSK: 1, QPSK: 2, 16QAM: 4, 64QAM: 6, 256QAM: 8, 1024QAM: 10)
-N_SD is the number of valid data subcarriers. NFFT is the FFT size of the channel bandwidth. NCP is the cyclic prefix length.
-∆f is the subcarrier spacing. Please refer to section 5.2.3.2.7.
-N_ss is number of spatial streams.

	Applications and services support with various bit rate requirements.
	· For a given combination of modulation scheme, code rate, and number of spatial-multiplexing layers, the data rate available to a user can be controlled through assigning different number of RB for the transmission. 
· For multiple services, the available/assigned resource and ,thus, the available data rate is shared between the rvices.
	For a given combination of modulation scheme, code rate, and number of spatial-multiplexing
layers, the data rate available to a user can be controlled by the scheduler by assigning different number of resource blocks for the transmission. In case of multiple services, the
available/assigned resource, and thus the available data rate, is shared between the services.
	For the nominal  ,the proposed RIT layer 1 supports 145 different data rates in [120 Kbps – 1.1 Gbps].
Lower data rates are associated with more robust transmission characteristics. 

Higher data rates require more favourable link conditions and tighter system specifications.
For the  data rates are up to 8.6 Gbps can be supported with FFT size = 1024.
	· For a given combination of modulation scheme, code rate, and number of spatial-multiplexing layers, the data rate available to a user can be controlled through assigning different number of RB for the transmission. 
· For multiple services, the available/assigned resource and ,thus, the available data rate is shared between the rvices.
	For the specified combinations of modulation modes, code rates and spatial multiplexing layers, the scheduler can control the effective data rates of users by allocating different resource unit (subcarrier set) quantities. When there are multiple services, the allocable resources and the available resource-based data rates can be shared by all the services.

	Handover
	· Inter-System HO:
- supported between 5G Core Network and EPC.
- HO between NR in 5GC and E-UTRA in EPC is supported via inter-RAT HO.
- HO between E-UTRA in 5GC and E-UTRA in EPC is supported via intra- E-UTRA HO with change of CN type.
- The source eNB/ng-eNB decides HO procedure to trigger.
-UE has to know the target CN type from the HO command during intra-LTE inter-System HO, intra-LTE intra-System HO.

· Intra-System HO:
· Intra-NR HO: network controlled mobility applies to UE in RRC_Connected and is categorized in 2 types:
- Cell level mobility: requires explicit RRC signaling to be triggered.
- Beam level mobility: doesn’t require RRC signaling to be triggered (dealt at lower layers), RRC not required to know which beam is being used.
Data forwarding, in-sequence delivery and duplication avoidance at handover can be guaranteed between target gNB and source gNB.

· Intra-RAT HO: 
- Intra 5GC inter RAT mobility is supported between NR and E-UTRA.
- Inter RAT measurements in NR are limited to E-UTRA and the source RAT should be able to support and configure Target RAT measurement and reporting. 
- The in-sequence and lossless handover is supported for the handover between gNB and ng-eNB. 
- Both Xn and NG based inter-RAT handover between NG-RAN nodes is supported. Whether the handover is over Xn or CN is transparent to the UE.
-The target RAT receives the UE NG-C context information and based on this information configures the UE with a complete RRC message and Full configuration .
· Measurement
In RRC_CONNECTED, the UE measures multiple beams (N best beams above an absolute threshold) of a cell and average it to derive cell quality. 
Filtering takes place at two different levels: at the physical layer to derive beam quality and then at RRC level to derive cell quality from multiple beams. 
Cell quality from beam measurements is derived in the same way for the serving cell(s) and for the non-serving cell(s).

Measurement reports may contain the measurement results of the X best beams if the UE is configured to do so by the gNB
	See pages 13-14 for inter- and intra-system handover. 
	· Intra-System handover
- Intra-System handover may be intra-cell or inter cell. 
- Intra-cell handover may be controlled by either the PP or the FP and triggered when quality on allocated carrier-slot-combinations becomes poor and other free carrier-slot-combinations exist. 
- Detection of free carrier-slot-combinations is based on a spectrum sensing paradigm and takes into account the activity of other uncoordinated systems. Seamless handover is supported. The PP sends a handover-request to the FP on the selected random access channel. If the FP accepts the request, then it indicates the position of the new traffic channel and the data will be switched over. After that the old channel will be released.
Inter-cell handover is generally controlled by the PP and triggered when quality on allocated carrier-slot combinations
becomes poor and another suitable FP is becoming stronger. Seamless handover is supported.
The PP sends a handover-request to the new FP on the selected random access channel. If the FP accepts the
request, then it indicates the position of the new traffic channel and the data will be switched over. After that the old channel will be released.
· Inter-System handover (for proposed IMT-2020 RIT):
Inter-System handover is performed in the same way as inter-cell handover. Seamless handover is supported.
Both systems should be interconnected by the proper network infrastructure.
· Inter-System handover to other IMT systems (other than IMT-2020)
Inter-System handover to IMT-2000 TDMA FDMA (DECT) is supported.
Handover to IMT-2000 TDMA FDMA is controlled by the PP and triggered when another suitable FP
becomes stronger. Seamless handover is supported. The PP sends a handover-request to the FP on the
selected channel. After the new connection is confirmed by the FP, the data is switched over to the new
connection and the old one is released. Both systems should be interconnected by the proper network
infrastructure.
	· Inter-System HO:
- supported between 5G Core Network and EPC.
- HO between NR in 5GC and E-UTRA in EPC is supported via inter-RAT HO.
- HO between E-UTRA in 5GC and E-UTRA in EPC is supported via intra- E-UTRA HO with change of CN type.
- The source eNB/ng-eNB decides HO procedure to trigger.
-UE has to know the target CN type from the HO command during intra-LTE inter-System HO, intra-LTE intra-System HO.

· Intra-System HO:
· Intra-NR HO: network controlled mobility applies to UE in RRC_Connected and is categorized in 2 types:
- Cell level mobility: requires explicit RRC signaling to be triggered.
- Beam level mobility: doesn’t require RRC signaling to be triggered (dealt at lower layers), RRC not required to know which beam is being used.
Data forwarding, in-sequence delivery and duplication avoidance at handover can be guaranteed between target gNB and source gNB.

· Intra-RAT HO: 
- Intra 5GC inter RAT mobility is supported between NR and E-UTRA.
- Inter RAT measurements in NR are limited to E-UTRA and the source RAT should be able to support and configure Target RAT measurement and reporting. 
- The in-sequence and lossless handover is supported for the handover between gNB and ng-eNB. 
- Both Xn and NG based inter-RAT handover between NG-RAN nodes is supported. Whether the handover is over Xn or CN is transparent to the UE.
-The target RAT receives the UE NG-C context information and based on this information configures the UE with a complete RRC message and Full configuration .
· Measurement
In RRC_CONNECTED, the UE measures multiple beams (N best beams above an absolute threshold) of a cell and average it to derive cell quality. 
Filtering takes place at two different levels: at the physical layer to derive beam quality and then at RRC level to derive cell quality from multiple beams. 
Cell quality from beam measurements is derived in the same way for the serving cell(s) and for the non-serving cell(s).

Measurement reports may contain the measurement results of the X best beams if the UE is configured to do so by the gNB
	See 5.2.3.2.5 for inter- and intra-system handover.

	Radio resource management
	NR performs radio resource management.
RRM functions include:
- Radio bearer control (RBC): the establishment, maintenance and release of radio bearer involves the configuration of radio resource. This is located in gNB/ng-eNB.
- Radio Admission Control (RAC): RAC is to admit or reject the establishment of new radio bearer. It considers QoS requirement, the priority level, overall resource situation.
This is located in gNB/ng-eNB.
- Connection Mobility Control (CMC): it controls the number of UEs in idle mode and connected mode. In idle mode, cell reselection algorithm is controlled by parameter
setting and in the connected mode, gNB controls UE mobility via handover and RRC
connection release with redirection.
Dynamic/flexible radio resource management
NR supports dynamic and flexible radio resource management by packet scheduling that
allocates and de-allocates resources to user and control plane packets.
Load balancing(LB)
Load balancing has the task to handle uneven distribution of the traffic load over multiple cells.
The purpose of LB is thus to influence the load distribution for the higher resource utilization and
QoS. LB is achieved in NR with hand-over, redirection or cell reselection.
	For both LTE and NR:
General:
LTE/NR performs radio resource management to ensure the efficient use of the available radio
resource. RRM functions include:
- Radio bearer control (RBC): the establishment, maintenance and release of radio bearer
involves the configuration of radio resource. This is located in gNB/ng-eNB.
- Radio Admission Control (RAC): RAC is to admit or reject the establishment of new radio bearer. It considers QoS requirement, the priority level, overall resource situation.
This is located in gNB/ng-eNB.
- Connection Mobility Control (CMC): it controls the number of UEs in idle mode and connected mode. In idle mode, cell reselection algorithm is controlled by parameter setting and in the connected mode, gNB controls UE mobility via handover and RRC
connection release with redirection.
Dynamic/flexible radio resource management
LTE/NR supports dynamic and flexible radio resource management by packet scheduling that allocates and de-allocates resources to user and control plane packets.
Load balancing (LB)
Load balancing has the task to handle uneven distribution of the traffic load over multiple cells.
The purpose of LB is thus to influence the load distribution for the higher resource utilization and
· QoS. LB is achieved in NR with hand-over, redirection or cell reselection.
	· Radio resource management is based on the implementation of the cognitive radio, spectrum sensing paradigm and is able to take into account the activity of other systems –coordinated or uncoordinated operating in the same area.
· Channels are automatically selected and allocated based on measurement of background RSSI. 
· The FP may also take into account carrier slot positions in order to allocate the most convenient resource blocks for system efficiency.
· Both FP and PP participate in the process. No radio planning is needed in any case.
 
	NR performs radio resource management.
RRM functions include:
- Radio bearer control (RBC): the establishment, maintenance and release of radio bearer involves the configuration of radio resource. This is located in gNB/ng-eNB.
- Radio Admission Control (RAC): RAC is to admit or reject the establishment of new radio bearer. It considers QoS requirement, the priority level, overall resource situation.
This is located in gNB/ng-eNB.
- Connection Mobility Control (CMC): it controls the number of UEs in idle mode and connected mode. In idle mode, cell reselection algorithm is controlled by parameter
setting and in the connected mode, gNB controls UE mobility via handover and RRC
connection release with redirection.
Dynamic/flexible radio resource management
NR supports dynamic and flexible radio resource management by packet scheduling that
allocates and de-allocates resources to user and control plane packets.
Load balancing(LB)
Load balancing has the task to handle uneven distribution of the traffic load over multiple cells.
The purpose of LB is thus to influence the load distribution for the higher resource utilization and
QoS. LB is achieved in NR with hand-over, redirection or cell reselection.
	The RRM mechanism is implemented based on the following methods

General 
The RRM functions in EUHT system include:
- Radio connection control: CAPs can establish, modify and release radio connection. 
- Admission Control: The CAPs can manage admission control by the priority access control and the load balancing strategy. 
- Mobility Management: The CAPs can support mobility by cell reselection, handover and multi-connection.

Dynamic/flexible radio resource management
EUHT supports the dynamic and flexible radio resource management. It allocates the resources to data and controls the transmission of the plane packets by scheduling the packets. 

Load balancing (LB)
EUHT supports load balancing functions. When a cell is overloaded, the access control can be realized by means of RACH back off, or by connecting, releasing and redirecting it to other cells. 
EUHT-higher frequency bands can support load balancing among different beams, which is mainly implemented by scheduling.

	Frame structure
	Frame length, sub-carrier spacing, and time slots:
· One radio frame of length 10 ms consisting of 10 subframes, each of length 1 ms. 
· Each subframe consists of an OFDM sub-carrier spacing dependent number of slots. 
· Each slot consists of 14 OFDM symbols (twelve OFDM symbols in case of extended cyclic prefix)
- 15 kHz SCS: 1 ms slot, 1 slot per sub-frame
- 30 kHz SCS: 0.5 ms slot, 2 slots per sub-frame
- 60 kHz SCS: 0.25 ms slot, 4 slots per sub-frame
- 120 kHz SCS: 0.125 ms slot, 8 slots per sub-frame
- 240 kHz SCS: 0.0625 ms slot (only used for synchronization, not for data)
· Data transmissions can be scheduled on a slot basis, as well as on a partial slot basis, where the partial slot transmissions that may occur several times within one slot. The supported partial slot allocations and scheduling intervals are 2, 4 and 7 symbols for normal cyclic prefix, and 2, 4 and 6 symbols for extended cyclic prefix.
· The slot structure supports zero, one or two DL/UL switches per slot, and dynamic selection of the link direction for each slot independently. Typically one symbol would be allocated as guard, but different number of symbols, or even full slot could be allocated as guard.
Downlink control channel structure:
Downlink control signaling is time and frequency multiplexed with data on a scheduling interval
basis. The control region can span over 1-3 OFDM symbols in the beginning of the allocation,
flexibly allocating 1-14 symbols for data transmission, including the time and frequency part of the control region that was not used for control signaling.
Uplink control channel structure:
Uplink control signaling can be both time-multiplexed with the data of the same UE and time and
frequency multiplexed with control and data of other UEs when the UE has no data to be
transmitted. Uplink control signaling is piggy-backed with data i.e. transmitted with data on the PUSCH when the UE has data to be transmitted.
Power control bit rate:
No specific power-control rate is defined, but a power control command can be sent at any slot, leading to a sub-carrier spacing specific maximum power control rate of 1/2/4/8 kHz for SCS of 15/30/60/120 kHz respectivel
	Pages 17,18,19 (frame length, number of time slots per frame, sub-carrier spacing, power control bit rate, etc).
	The basic frame structure consists of 24 time slots in 10 ms (for 27 kHz sub-carrier spacing). Half slots can be used for some services. Slots can be concatenated to form multi-slot transmissions. Any slot can be used
for uplink or downlink transmission (i.e. there is no pre-set direction for the slot). When there is a change in the source of the transmission, then a guard space is used. Several transmissions to/from different PPs may occur simultaneously on non-overlapping channels. The transmissions are scheduled in such a way that none of the devices is required to transmit and receive simultaneously. For higher sub-carrier spacing the number
of slots per frame can vary accordingly. The frame structure parameters for 27 kHz sub-carrier spacing are summarized in Table 5 page 13. 
	Frame length, sub-carrier spacing, and time slots:
· One radio frame of length 10 ms consisting of 10 subframes, each of length 1 ms. 
· Each subframe consists of an OFDM sub-carrier spacing dependent number of slots. 
· Each slot consists of 14 OFDM symbols (twelve OFDM symbols in case of extended cyclic prefix)
- 15 kHz SCS: 1 ms slot, 1 slot per sub-frame
- 30 kHz SCS: 0.5 ms slot, 2 slots per sub-frame
- 60 kHz SCS: 0.25 ms slot, 4 slots per sub-frame
- 120 kHz SCS: 0.125 ms slot, 8 slots per sub-frame
- 240 kHz SCS: 0.0625 ms slot (only used for synchronization, not for data)
· Data transmissions can be scheduled on a slot basis, as well as on a partial slot basis, where the partial slot transmissions that may occur several times within one slot. The supported partial slot allocations and scheduling intervals are 2, 4 and 7 symbols for normal cyclic prefix, and 2, 4 and 6 symbols for extended cyclic prefix.
· The slot structure supports zero, one or two DL/UL switches per slot, and dynamic selection of the link direction for each slot independently. Typically one symbol would be allocated as guard, but different number of symbols, or even full slot could be allocated as guard.
Downlink control channel structure:
Downlink control signaling is time and frequency multiplexed with data on a scheduling interval
basis. The control region can span over 1-3 OFDM symbols in the beginning of the allocation,
flexibly allocating 1-14 symbols for data transmission, including the time and frequency part of the control region that was not used for control signaling.
Uplink control channel structure:
Uplink control signaling can be both time-multiplexed with the data of the same UE and time and
frequency multiplexed with control and data of other UEs when the UE has no data to be
transmitted. Uplink control signaling is piggy-backed with data i.e. transmitted with data on the PUSCH when the UE has data to be transmitted.
Power control bit rate:
No specific power-control rate is defined, but a power control command can be sent at any slot, leading to a sub-carrier spacing specific maximum power control rate of 1/2/4/8 kHz for SCS of 15/30/60/120 kHz respectivel
	The frame structure related information is as follows:
For IMT bands:
‐ The physical frame length can be dynamically adjusted within the permissible range (0.1-14ms). Typical frame length can be: 1, 1.25, 1.6, 2, 2.5, 4, 5, 6.25, 8 and 10ms. 
‐Typical physical frame consists of a downlink scheduling period and an uplink scheduling period. The downlink scheduling period consists of one short preamble symbol, one long preamble symbol, one SICH symbol, the CCHs, the DL-TCH, DL-SCH and the DGI. The uplink scheduling period consists of the UL-SCH, the UL-SRCH, the UL-TCH, UL-RACH and the UGI. The system information channel broadcasts frame structure. It can allocate the uplink and downlink service channels and short signalling resources in the frame. The minimum resource allocation unit is resource unit (RU), which is 16 sub-carriers in single OFDM symbol. 
‐The sub-carrier spacing is 78.125KHz (39.0625KHz/19.53KHz is optional). 
‐The ratio of the cyclic prefix is 1/8 or 1/4 of DFT length, so the time length of CP is correspondingly 0.8us or 1.6us. 
‐The DL/UL ratio can be adjusted flexibly according to the real scenarios. The typical values of the uplink and downlink guard interval time lengths respectively occupy two symbols. However, other different symbol lengths can be used too. 
‐The length of the CCH is also variable and contains at least 2 OFDM symbols. 
No specific power control rate is defined. However, the power control signalling, which supports the open-loop power control and the close-loop power control, can be transmitted in any frame. Maximum power control rate is 10 kHz for 0.1ms frame.
For higher frequency bands: 
‐Each radio frame length is 20ms. It consists of two types of sub-frames. The length of the SICH/RACH sub-frame is 1ms and the length of the TCH sub-frame is 1ms. The sub-frames use the single carrier mode and the OFDM mode to transmit. In the OFDM mode, the number of the DFT points is 1024. The sub-carrier spacing is 390.625 kHz. The cycle prefix (CP) ratio is 1/4 or 1/8. The SICH/RACH sub-frame uses the single carrier transmission mode and it is used in the beam training and the communication connection establishment. The SICH/RACH sub-frame uses at most 64 different beams to transmit. The SICH/RACH sub-frame contains a frame header (which is used in frame detection, synchronization, frequency offset estimation, AGC and STA RX beam training, AGC) and the information part of the SICH. 
‐The TCH sub-frame uses the OFDM mode to transmit. The TCH sub-frame is used in the transmission of the uplink and downlink data. Meanwhile, it is used for channel tracking and beam tracking. 
‐ The TCH sub-frame length can be dynamically adjusted within the permissible range (0.1-10ms). Typical frame length can be: 1,2,5,10ms. 
‐The TCH sub-frame contains the downlink transmission period (DL-preamble, DRS, CCH, DL-TCH, DL-TRN), the uplink transmission period (UL-preamble, UL-TCH, UL-TRN) and the guard intervals. The DL/UL ratio is configured through the CCH. The guard interval occupies two symbols.
Control channel structure:
‐The CCH is transmitted in a specified time-frequency domain, which spans over 2-30 OFDM symbols. 
‐Power control bit rate:
No specific power control rate is defined. However, the power control signalling, which supports the open-loop power control and the close-loop power control, can be transmitted in any frame. Maximum power control rate is 1 kHz for 1ms frame.

	Frequency bands supported by the RIT/SRIT
	· 450-6000Mhz:
Band number n1:
- UL band: 1920 – 1980 MHz 
- DL band: 2110 – 2170 MHz
Band number n2:
- UL band: 1850 – 1910 MHz 
- DL band: 1930 – 1990 MHz
Band number n3:
- UL band: 1710 – 1785 MHz 
- DL band: 1805 – 1880 MHz
Band number n5:
- UL band: 824 – 849 MHz 
- DL band: 869 – 894 MHz
Band number n7:
- UL band: 2500 – 2570 MHz 
- DL band: 2620 – 2690 MHz
Band number n8:
- UL band: 880 – 915 MHz 
- DL band: 925 – 960 MHz
Band number n20:
- UL band: 832 – 862 MHz 
- DL band: 791 – 821 MHz
Band number n28:
- UL band: 703 – 748 MHz 
- DL band: 758 – 803 MHz
Band number n38:
- UL band: 2570 – 2620 MHz 
- DL band: 2570 – 2620 MHz
Band number n41:
- UL band: 2496 – 2690 MHz 
- DL band: 2496 – 2690 MHz
Band number n50:
- UL band: 1432 – 1517 MHz 
- DL band: 1432 – 1517 MHz
Band number n51:
- UL band: 1427 – 1432 MHz 
- DL band: 1427 – 1432 MHz
Band number n66:
- UL band: 1710 – 1780 MHz 
- DL band: 2110 – 2200 MHz
Band number n70:
- UL band: 1695 – 1710 MHz 
- DL band: 1995 – 2020 MHz
Band number n71:
- UL band: 663 – 698 MHz 
- DL band: 617 – 652 MHz
Band number n74:
- UL band: 1427 – 1470 MHz 
- DL band: 1475 – 1518 MHz
Band number n75:
- UL band: NA 
- DL band: 1432 – 1517 MHz
Band number n76:
- UL band: NA 
- DL band: 1427 – 1432 MHz
Band number n77:
- UL band: 3.3 – 4.2 GHz 
- DL band: 3.3 – 4.2 GHz
Band number n78:
- UL band: 3.3 – 3.8 GHz
- DL band: 3.3 – 3.8 GHz
Band number n79:
- UL band: 4.4 – 5 GHz
- DL band: 4.4 – 5 GHz
Band number n80:
- UL band: 1710 – 1785 MHz 
- DL band: NA
Band number n81:
- UL band: 880 – 915 MHz 
- DL band: NA
Band number n82:
- UL band: 832 – 862 MHz 
- DL band: NA
Band number n83:
- UL band: 703 – 748 MHz 
- DL band: NA
Band number n84:
- UL band: 1920 – 1980 MHz 
- DL band: NA
Band number n86:
- UL band: 2496 – 2960 MHz 
- DL band: NA

· 24250-52600Mhz:
Band number n257:
- UL band: 26.5 – 29.5 GHz 
- DL band: 26.5 – 29.5 GHz
Band number n258:
- UL band: 24.25 – 27.5 GHz
- DL band: 24.25 – 27.5 GHz Band number n260:
- UL band: 37 – 40 GHz
- DL band: 37 – 40 GHz

	Tables on pages 21-22-23
	The candidate RIT is designed to operate over:
1) The frequency band currently allocated to DECT service (1880 MHz – 1900 MHz)
2) The frequency bands currently allocated to IMT-2000 FT service (1900 MHz – 1980 MHz and 2010 MHz – 2025 MHz)
3) Any other frequency band that may be allocated in the future to the service, including bands above 24.25 GHz
In particular license exempt frequencies at 5 GHz band have been considered as possible
	· 450-6000Mhz:
Band number n1:
- UL band: 1920 – 1980 MHz 
- DL band: 2110 – 2170 MHz
Band number n2:
- UL band: 1850 – 1910 MHz 
- DL band: 1930 – 1990 MHz
Band number n3:
- UL band: 1710 – 1785 MHz 
- DL band: 1805 – 1880 MHz
Band number n5:
- UL band: 824 – 849 MHz 
- DL band: 869 – 894 MHz
Band number n7:
- UL band: 2500 – 2570 MHz 
- DL band: 2620 – 2690 MHz
Band number n8:
- UL band: 880 – 915 MHz 
- DL band: 925 – 960 MHz
Band number n20:
- UL band: 832 – 862 MHz 
- DL band: 791 – 821 MHz
Band number n28:
- UL band: 703 – 748 MHz 
- DL band: 758 – 803 MHz
Band number n38:
- UL band: 2570 – 2620 MHz 
- DL band: 2570 – 2620 MHz
Band number n41:
- UL band: 2496 – 2690 MHz 
- DL band: 2496 – 2690 MHz
Band number n50:
- UL band: 1432 – 1517 MHz 
- DL band: 1432 – 1517 MHz
Band number n51:
- UL band: 1427 – 1432 MHz 
- DL band: 1427 – 1432 MHz
Band number n66:
- UL band: 1710 – 1780 MHz 
- DL band: 2110 – 2200 MHz
Band number n70:
- UL band: 1695 – 1710 MHz 
- DL band: 1995 – 2020 MHz
Band number n71:
- UL band: 663 – 698 MHz 
- DL band: 617 – 652 MHz
Band number n74:
- UL band: 1427 – 1470 MHz 
- DL band: 1475 – 1518 MHz
Band number n75:
- UL band: NA 
- DL band: 1432 – 1517 MHz
Band number n76:
- UL band: NA 
- DL band: 1427 – 1432 MHz
Band number n77:
- UL band: 3.3 – 4.2 GHz 
- DL band: 3.3 – 4.2 GHz
Band number n78:
- UL band: 3.3 – 3.8 GHz
- DL band: 3.3 – 3.8 GHz
Band number n79:
- UL band: 4.4 – 5 GHz
- DL band: 4.4 – 5 GHz
Band number n80:
- UL band: 1710 – 1785 MHz 
- DL band: NA
Band number n81:
- UL band: 880 – 915 MHz 
- DL band: NA
Band number n82:
- UL band: 832 – 862 MHz 
- DL band: NA
Band number n83:
- UL band: 703 – 748 MHz 
- DL band: NA
Band number n84:
- UL band: 1920 – 1980 MHz 
- DL band: NA
Band number n86:
- UL band: 2496 – 2960 MHz 
- DL band: NA

· 24250-52600Mhz:
Band number n257:
- UL band: 26.5 – 29.5 GHz 
- DL band: 26.5 – 29.5 GHz
Band number n258:
- UL band: 24.25 – 27.5 GHz
- DL band: 24.25 – 27.5 GHz Band number n260:
- UL band: 37 – 40 GHz
- DL band: 37 – 40 GHz

	See IMT bands and EUHT higher frequency bands tables in 5.2.3.2.8.3

	Minimum amount of spectrum required to deploy a contiguous network,
including guardbands (MHz)?
	· The minimum amount of paired spectrum is 2 x 5 MHz. 
· The minimum amount of unpaired spectrum is 5 MHz.
	For NR component RIT:
The minimum amount of paired spectrum is 2 x 5 MHz. The minimum amount of unpaired
spectrum is 5 MHz.
For LTE component RIT:
The minimum amount of paired spectrum is 2 x 1.4 MHz, and the minimum amount of unpaired
spectrum is 1.4 MHz, except for NB-IoT.
· For NB-IoT, the minimum amount of spectrum is 0.2 MHz.
	· Minimum practical spectrum for a contiguous network is assumed to be 10 MHz. 
· Operation over 5 MHz may be possible with certain restrictions. 
· In EU region, 20 MHz are assumed to be available as minimum spectrum 
	· The minimum amount of paired spectrum is 2 x 5 MHz. 
The minimum amount of unpaired spectrum is 5 MHz.
	For IMT bands: 
The minimum spectrum bandwidth is 5MHz. 
For higher frequency bands: The minimum spectrum bandwidth is 50MHz.

	Minimum and maximum transmission bandwidth (MHz) measured at the 3
dB down points
	· The 3 dB bandwidth is not part of the specifications, however:
· The minimum 99% channel bandwidth (occupied bandwidth of single component carrier)
Is:
- 5 MHz for frequency range 450 – 6000 MHz;
- 50 MHz for frequency range 24250 – 52600 MHz
· The maximum 99% channel bandwidth (occupied bandwidth of single component carrier) is:
-100 MHz for frequency range 450 – 6000 MHz.
- 400 MHz for frequency range 24250 – 52600 MHz.
· Multiple component carriers can be aggregated to achieve up to 6.4 GHz of transmission bandwidth
	For NR component RIT:
The 3 dB bandwidth is not part of the specifications, however:
- The minimum 99% channel bandwidth (occupied bandwidth of single component carrier) is:
o 5 MHz for frequency range 450 – 6000 MHz;
o 50 MHz for frequency range 24250 – 52600 MHz
- The maximum 99% channel bandwidth (occupied bandwidth of single component carrier) is:
o 100 MHz for frequency range 450 – 6000 MHz;
o 400 MHz for frequency range 24250 – 52600 MHz.
- Multiple component carriers can be aggregated to achieve up to 6.4 GHz of transmission
bandwidth.
For LTE component RIT:
The 3 dB bandwidth is not part of the specifications, however:
- The minimum 99% channel bandwidth (occupied bandwidth of single component carrier) is 1.4 MHz.
- The maximum 99% channel bandwidth (occupied bandwidth of single component carrier) is 20 MHz.
- Multiple component carriers can be aggregated to achieve up to 640 MHz of transmission bandwidth.
For NB-IoT, the minimum 99% channel bandwidth is 0.2 MHz.
	· Minimum transmission bandwidth is about 1.512 MHz.
· Maximum transmission bandwidth if :
- sub-carrier spacing  then 27 MHz 
-  then 216 MHz.
	· The 3 dB bandwidth is not part of the specifications, however:
· The minimum 99% channel bandwidth (occupied bandwidth of single component carrier)
Is:
- 5 MHz for frequency range 450 – 6000 MHz;
- 50 MHz for frequency range 24250 – 52600 MHz
· The maximum 99% channel bandwidth (occupied bandwidth of single component carrier) is:
-100 MHz for frequency range 450 – 6000 MHz.
- 400 MHz for frequency range 24250 – 52600 MHz.
Multiple component carriers can be aggregated to achieve up to 6.4 GHz of transmission bandwidth
	For IMT bands: 
The 3dB bandwidth is  BW=20MHz: 9.3*2=18.6MHz.
BW=40MHz: 19.3*2=38.6MHz
BW=80MHz: 39.3*2=78.6MHz 
For higher frequency bands: BW = 400MHz: The 3dB bandwidth is 375MHz..

	Duplexing schemes
	· NR supports paired and unpaired spectrum and allows :
- FDD operation on a paired spectrum, different transmission directions in either part of a paired spectrum. 
- TDD operation on an unpaired spectrum where the transmission direction of time resources is not dynamically changed, and TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing. 
· DL and UL transmission directions for data can be dynamically assigned on a per-slot basis.
· For FDD operation, it supports full-duplex FDD.
- For both base station and terminal, a duplexer is needed for full-duplex FDD.
- For full-duplex FDD, the required transmit/receive isolation is a UE function of: the Tx emission mask (emission level on the Rx frequency) , the TX-Rx frequency spacing , the Tx- Rx duplex filter isolation, the TX and RX configuration (RB location, RB power and RB allocation) and the required Rx desense criteria.
- For the supported operating bands, the parameters including the minimum (up/down) Tx to Rx frequency separation and the minimum Tx-Rx band gap are being defined in 3GPP.
· For different transmission directions in either part of a paired spectrum, a duplexer is needed for both base station and the terminal. The required frequency separation between the paired spectrum is the same as full-duplex FDD. The supported DL/UL resource assignment configurations for TDD can be applied. 
· For TDD operation, it supports variable DL/UL resource assignment ranging in a radio frame from 10/0 (ten downlink slots and no uplink slot) to 0/10 (no downlink slot and ten uplink slots). It also supports a slot with DL part and UL part. DL and UL transmission directions for data can be dynamically assigned on a per-slot basis. Adjacent cells using the same carrier frequency can use the same or different DL/UL resource assignment configuration.
- For both the base station and the terminal, duplexer is not needed.
- The TDD guard time is configurable to meet different deployment scenarios.
	Pages 24-25
	· The proposed RIT utilizes both TDD and FDD on contiguous or non-contiguous frequency segments.
· Frequency segments and time slots are allocated to PP devices for DL and UL transmissions by the FP device. 
· FP devices can transmit (DL) or receive (UL) on contiguous or non-contiguous frequency segments. 
· PP devices can transmit (DL) or receive (UL) on contiguous frequency segments only. 
· At each slot time and across all allocated segments, the FP device can be either in UL mode or in DL mode but not both.
	· NR supports paired and unpaired spectrum and allows :
- FDD operation on a paired spectrum, different transmission directions in either part of a paired spectrum. 
- TDD operation on an unpaired spectrum where the transmission direction of time resources is not dynamically changed, and TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing. 
· DL and UL transmission directions for data can be dynamically assigned on a per-slot basis.
· For FDD operation, it supports full-duplex FDD.
- For both base station and terminal, a duplexer is needed for full-duplex FDD.
- For full-duplex FDD, the required transmit/receive isolation is a UE function of: the Tx emission mask (emission level on the Rx frequency) , the TX-Rx frequency spacing , the Tx- Rx duplex filter isolation, the TX and RX configuration (RB location, RB power and RB allocation) and the required Rx desense criteria.
- For the supported operating bands, the parameters including the minimum (up/down) Tx to Rx frequency separation and the minimum Tx-Rx band gap are being defined in 3GPP.
· For different transmission directions in either part of a paired spectrum, a duplexer is needed for both base station and the terminal. The required frequency separation between the paired spectrum is the same as full-duplex FDD. The supported DL/UL resource assignment configurations for TDD can be applied. 
For TDD operation, it supports variable DL/UL resource assignment ranging in a radio frame from 10/0 (ten downlink slots and no uplink slot) to 0/10 (no downlink slot and ten uplink slots). It also supports a slot with DL part and UL part. DL and UL transmission directions for data can be dynamically assigned on a per-slot basis. Adjacent cells using the same carrier frequency can use the same or different DL/UL resource assignment configuration.
- For both the base station and the terminal, duplexer is not needed.
- The TDD guard time is configurable to meet different deployment scenarios.
	• EUHT supports the TDD mechanism in both paired and unpaired spectrum. 
• The TDD guard time interval is configurable to meet different usage scenarios. 
• The DL/UL ratio is configurable in unit of OFDM symbol per frame basis.

	Support of Advanced antenna capabilities and spatial multiplexing
	The multi-antenna systems in NR supports the following MIMO transmission schemes at both the  UE and the base station:
- Spatial multiplexing with DM-RS based closed loop, open loop and semi-open loop transmission schemes are supported. For DL, codebook and reciprocity based precoding are supported. For UL,  codebook and non-codebook based transmission are supported.
· - Spatial transmit diversity is supported by using specification transparent diversity schemes.
- Hybrid beamforming including both digital and analog beamforming is supported. Beam management with periodic and aperiodic beam refinement is also supported.
· NR supports 
-DL: 1,2,4,8,12,16,24,32 antenna port 
-UL: 1,2,4 antenna port 
· Base Station and UE support rectangular antenna arrays. 
· The rectangular panel array antenna can be described by the following tuple  where  is the number of panels in a column,  is the number of panels in row, 𝑀,𝑁 are the number of vertical, horizontal antenna elements within a panel and 𝑃 is number of polarizations per antenna element. 
(see figure in page 60)
· The spacing in vertical and horizontal dimensions between the panels is specified by  and between antenna elements by .
· NR specification is flexible to support various antenna spacing, number of antenna elements, antenna port layouts and antenna virtualization approaches.
· In NR, special multiplexing is supported:
- in DL: Single codeword is supported for 1-4 layer transmissions and two codewords are supported for 5-8 layer transmissions. 
- in UL Only single codeword is supported for 1- 4 layer transmissions.
· Both open and closed loop MIMO are supported in NR, where for demodulation of data, receiver does not require knowledge of the precoding matrix used at the transmitter. 
· Dynamic switching between different transmission schemes is also supported
· Both single user and multi user MIMO are supported.
· Single user MIMO transmissions: 
- DL: up to 8 orthogonal DM-RS ports are supported 
- UL : up to 4 orthogonal DMRS ports are supported.
·  Multi-user MIMO up to 12 orthogonal DM-RS ports with up to 4 orthogonal ports per UE are supported.
· NR supports coordinated multipoint transmission/reception, which could be used to implement different forms of cooperative multi-antenna (MIMO) transmission schemes.
	For NR component RIT:
The multi-antenna systems in NR supports the following MIMO transmission schemes at both the
UE and the base station:
‐ Spatial multiplexing with DM-RS based closed loop, open loop and semi-open loop
transmission schemes are supported. Both codebook and non-codebook based
transmission is supported in DL and UL.
‐ Spatial transmit diversity is supported by using specification transparent diversity schemes
‐ Hybrid beamforming including both digital and analog beamforming is supported. Beam
management with periodic and aperiodic beam refinement is also supported.
For LTE component RIT
The multi-antenna systems in LTE supports the following MIMO transmission scheme at both the UE and the base station:
‐ Spatial multiplexing with CRS and UE specific RS based closed loop, open loop and semiopen loop transmission schemes are supported. Both codebook and non-codebook based transmission is supported in DL. Codebook based transmission is supported in UL.
‐ Spatial transmit diversity is supported based on space frequency block coding, frequency switched transmit diversity. Specification transparent diversity schemes are also supported
· ‐ Hybrid beamforming including both digital and analog beamforming is supported. (pages 26-27 for further details)
	· The proposed RIT supports multiplexing of  space-time streams with  antenna configuration
· ( and/or can be configured to increase diversity and/or to enable digital beamforming. Space-time Block Coding (STBC) is also supported (2 × 1 configuration).
· Both FP and PP can be equipped with   antennas where . 
· Target antenna spacing is λ/4, where λ is the wavelength of the carrier signal.
· Antenna range supported by test models is
 
· The proposed RIT supports:
- Open and closed loop MIMO
- Single-user MIMO and multi-user MIMO
	The multi-antenna systems in NR supports the following MIMO transmission schemes at both the  UE and the base station:
- Spatial multiplexing with DM-RS based closed loop, open loop and semi-open loop transmission schemes are supported. For DL, codebook and reciprocity based precoding are supported. For UL,  codebook and non-codebook based transmission are supported.
· - Spatial transmit diversity is supported by using specification transparent diversity schemes.
- Hybrid beamforming including both digital and analog beamforming is supported. Beam management with periodic and aperiodic beam refinement is also supported.
· NR supports 
-DL: 1,2,4,8,12,16,24,32 antenna port 
-UL: 1,2,4 antenna port 
· Base Station and UE support rectangular antenna arrays. 
· The rectangular panel array antenna can be described by the following tuple  where  is the number of panels in a column,  is the number of panels in row, 𝑀,𝑁 are the number of vertical, horizontal antenna elements within a panel and 𝑃 is number of polarizations per antenna element. 
(see figure in page 60)
· The spacing in vertical and horizontal dimensions between the panels is specified by  and between antenna elements by .
· NR specification is flexible to support various antenna spacing, number of antenna elements, antenna port layouts and antenna virtualization approaches.
· In NR, special multiplexing is supported:
- in DL: Single codeword is supported for 1-4 layer transmissions and two codewords are supported for 5-8 layer transmissions. 
- in UL Only single codeword is supported for 1- 4 layer transmissions.
· Both open and closed loop MIMO are supported in NR, where for demodulation of data, receiver does not require knowledge of the precoding matrix used at the transmitter. 
· Dynamic switching between different transmission schemes is also supported
· Both single user and multi user MIMO are supported.
· Single user MIMO transmissions: 
- DL: up to 8 orthogonal DM-RS ports are supported 
- UL : up to 4 orthogonal DMRS ports are supported.
·  Multi-user MIMO up to 12 orthogonal DM-RS ports with up to 4 orthogonal ports per UE are supported.
NR supports coordinated multipoint transmission/reception, which could be used to implement different forms of cooperative multi-antenna (MIMO) transmission schemes.
	EUHT system multi-antenna system supports the following MIMO transmission mechanisms at both the STA and the CAP:
‐ The spatial multiplexing of the DRS-based closed loop and semi-open loop transmission schemes is supported. For both DL and UL, the precoding based on CSI feedback and reciprocity is supported. 
‐ The CAP supports the transmit diversity. 
‐ For higher frequency bands, hybrid beamforming including both digital beamforming and analog beamforming is supported. Both the periodic beam refinement and the aperiodic beam refinement are supported at the STA side and the CAP side.

	Synchronization requirements
	Common general aspects
· Tight BS-to-BS synchronization not required. 
· Tight BS-to-network synchronization not required.
· BS support a logical synchronization port for phase-, time- and/or frequency synchronization. (read more page 68)
· Common SFN initialization time shall be provided for all BSs in synchronized TDD area.
· A certain RAN-CN Hyper SFN synchronization is required in case of extended Idle mode DRX.
Some accuracy requirements
· BS transmit signals accuracy.
· Cell phase synchronization accuracy:
- The cell phase synchronization accuracy measured at BS antenna connectors shall be better than 3μs.

the synchronization mechanisms
 A UE receives the following
synchronization signals (SS) in order to perform cell search: the primary synchronization signal
(PSS) and secondary synchronization signal (SSS). 
· PSS used for initial symbol boundary, cyclic prefix, sub frame boundary, initial frequency synchronization to the cell.
·  SSS is used for radio frame boundary identification. 
· PSS and SSS together used for cell ID detection.

Other synchronization mechanisms are defined see more info in [38.213] subclause 4 and [38.211] subclause 7.4.2
	Common general aspects
Tight BS-to-BS synchronization is not required. Likewise, tight BS-to-network synchronization is not required.
The BS shall support a logical synchronization port for phase-, time- and/or frequency
synchronization, e.g. to provide.
- accurate maximum relative phase difference for all BSs in synchronized TDD area
- continuous time without leap seconds traceable to common time reference for all BSs in synchronized TDD area;
- FDD time domain inter-cell interference coordination.
Furthermore, common SFN initialization time shall be provided for all BSs in synchronized TDD area. A certain RAN-CN Hyper SFN synchronization is required in case of extended Idle mode DRX.
Some accuracy requirements
BS transmit signals accuracy:
- LTE: Frequency and timing accuracy of BS transmit signal is within ±0.05 ppm observed over a period of one subframe (1 ms).
- NR: The information will be provided in later update. Cell phase synchronization accuracy:
- NR: The cell phase synchronization accuracy measured at BS antenna connectors shall be better than [3] μs.
- LTE: for Wide Area BS (not considering Home BS), the cell phase synchronization accuracy measured at BS antenna connectors shall be better than 3 μs for small cells (radius up to 3km), 10 μs for large cells (radius above 3km).
	· Two synchronization mechanisms: Packet level synchronization and Frame synchronization.
· Packet level synchronization: each packet contains a synchronization pattern. See figures 4 and 5 page  32
· Frame synchronization:  see figure 6 page 33.
	Common general aspects
· Tight BS-to-BS synchronization not required. 
· Tight BS-to-network synchronization not required.
· BS support a logical synchronization port for phase-, time- and/or frequency synchronization. (read more page 68)
· Common SFN initialization time shall be provided for all BSs in synchronized TDD area.
· A certain RAN-CN Hyper SFN synchronization is required in case of extended Idle mode DRX.
Some accuracy requirements
· BS transmit signals accuracy.
· Cell phase synchronization accuracy:
- The cell phase synchronization accuracy measured at BS antenna connectors shall be better than 3μs.

the synchronization mechanisms
 A UE receives the following
synchronization signals (SS) in order to perform cell search: the primary synchronization signal
(PSS) and secondary synchronization signal (SSS). 
· PSS used for initial symbol boundary, cyclic prefix, sub frame boundary, initial frequency synchronization to the cell.
·  SSS is used for radio frame boundary identification. 
· PSS and SSS together used for cell ID detection.

Other synchronization mechanisms are defined see more info in [38.213] subclause 4 and [38.211] subclause 7.4.2
	EUHT system supports three synchronization modes: the network synchronization based on the IEEE 1588v2 protocol, the GPS synchronization and the independently researched and developed photoelectric synchronization mechanism. These three modes backup each other. They can be switched flexibly and very high reliability can be achieved. Different base stations can reach the time synchronization accuracy of less than 1 us by adopting the network synchronization based on the IEEE 1588 V2 protocol.  If the number of the arcades is small, the accuracy of 500 ns can be reached. The synchronization accuracy of the GPS mode is 500 ns. If the independently researched and developed photoelectric synchronization scheme is adopted, the synchronization accuracy of less than 1us can be reached. In short, the deployment of the current EUHT synchronization scheme is simple, reliable and accurate. In addition, the synchronization requirement of EUHT is also lower, no more than 4us. 

EUHT adopts the half-duplex TDD mode. The synchronization between base stations and the synchronization mechanism between the base station and the network are needed. 
EUHT adopts the PPS (plus per second) to achieve the inter-base-station frame synchronization and resist inter-cell Interference. 
- It provides the common system frame number SFN to achieve the frame-level synchronization of the air interfaces and assist some operations such as network entry and handover.
-- It achieves the BS time synchronization through the Ethernet synchronization and provides absolute clock information for the system. 
Accuracy requirements: 
CAP transmit signal accuracy: 
-Frequency accuracy: The frequency deviation is within ±0.5 ppm. The observation time is 1ms. 
The cell phase synchronization accuracy measured at the CAP antenna connector is better than 3us. 

	Scheduling mechanisms
	In NR physical control and shared channels can be separately and dynamically scheduled for both uplink and downlink. A scheduling unit for downlink shared channel may span from 2-14 symbols and for uplink shared channel from 1-14 symbols (14 symbols comprise a “slot”). Sub-carrier spacing for different physical channels may be dynamically changed by switching bandwidth-parts (BWP). 
Typically, NR scheduling is based on the instantaneous radio-link quality as seen by the different users, and the traffic demand and quality-of-service requirements of individual users and in the cell as a whole. The former is based on CQI reports from the terminals (downlink) or measurements of sounding signals from the terminals (uplink). Based on this the base station may e.g. apply a proportional fair scheduling algorithm. The QoS assessment is supported by means of receiving QoS information from the “higher layers”.  
For non-full buffer traffic like VOIP (or any traffic having similar characteristics) semi-persistent scheduling in DL can be applied, by which a user can be allocated time-frequency resources in a semi-persistent manner, i.e., fixed resources are allocated at certain intervals without L1/L2 control signaling each time. This is especially useful to reduce the L1/L2 control signaling overhead and to increase VoIP capacity. In addition, with UL Configured Grants, the scheduler can allocate uplink resources to users. When a configured uplink grant is active, if the user cannot find an uplink grant assigned via downlink control channel an uplink transmission according to the configured uplink grant can be made. Otherwise, if the user finds an uplink grant assigned via downlink control channel, this assignment overrides the configured uplink grant.
In general for TDD operation a slot may be used for dynamically allocating DL or UL transmissions or both.
NR supports slot aggregation in downlink and uplink, by which time-frequency resources can be allocated consecutively to a user for a longer period than a slot by a single L1/L2 control signaling. A larger transport block size or a lower coding rate can be supported by this technique. This is especially useful when the coverage needs to be extended.
As another option to extend coverage or improve reliability in addition to slot aggregation, a set of MCS tables supporting very low code rate for both DL and UL can be used.
The scheduler may pre-empt an ongoing transmission to one user with a latency-critical transmission to another user. The scheduler can configure users to monitor interrupted transmission indications. If a user receives the interrupted transmission indication, the user may assume that no useful information to that user was carried by the resource elements included in the indication, even if some of those resource elements were already scheduled to this user. Alternatively, instead of transmitting interruption indication, the scheduler may retransmit only the preempted code blocks to a UE and instruct to do proper transport block decoding with other already received code blocks.
For the downlink and the uplink, intercell-interference coordination can be realized by the scheduler that is transparent to the physical layer.
	For NR component RIT:
In NR physical control and shared channels can be separately and dynamically scheduled for both uplink and downlink. A scheduling unit for downlink shared channel may span from 2-14 symbols and for uplink shared channel from 1-14 symbols (14 symbols comprise a “slot”). Sub-carrier spacing for different physical channels may be dynamically changed by switching bandwidth-parts (BWP). 
Typically, NR scheduling is based on the instantaneous radio-link quality as seen by the different users, and the traffic demand and quality-of-service requirements of individual users and in the cell as a whole. The former is based on CQI reports from the terminals (downlink) or measurements of sounding signals from the terminals (uplink). Based on this the base station may e.g. apply a proportional fair scheduling algorithm. The QoS assessment is supported by means of receiving QoS information from the “higher layers”.  
For non-full buffer traffic like VOIP (or any traffic having similar characteristics) semi-persistent scheduling in DL can be applied, by which a user can be allocated time-frequency resources in a semi-persistent manner, i.e., fixed resources are allocated at certain intervals without L1/L2 control signaling each time. This is especially useful to reduce the L1/L2 control signaling overhead and to increase VoIP capacity. In addition, with UL Configured Grants, the scheduler can allocate uplink resources to users. When a configured uplink grant is active, if the user cannot find an uplink grant assigned via downlink control channel an uplink transmission according to the configured uplink grant can be made. Otherwise, if the user finds an uplink grant assigned via downlink control channel, this assignment overrides the configured uplink grant.
In general for TDD operation a slot may be used for dynamically allocating DL or UL transmissions or both.
NR supports slot aggregation in downlink and uplink, by which time-frequency resources can be allocated consecutively to a user for a longer period than a slot by a single L1/L2 control signaling. A larger transport block size or a lower coding rate can be supported by this technique. This is especially useful when the coverage needs to be extended.
As another option to extend coverage or improve reliability in addition to slot aggregation, a set of MCS tables supporting very low code rate for both DL and UL can be used.
The scheduler may pre-empt an ongoing transmission to one user with a latency-critical transmission to another user. The scheduler can configure users to monitor interrupted transmission indications. If a user receives the interrupted transmission indication, the user may assume that no useful information to that user was carried by the resource elements included in the indication, even if some of those resource elements were already scheduled to this user. Alternatively, instead of transmitting interruption indication, the scheduler may retransmit only the preempted code blocks to a UE and instruct to do proper transport block decoding with other already received code blocks.
For the downlink and the uplink, intercell-interference coordination can be realized by the scheduler that is transparent to the physical layer.

For LTE component RIT:
In LTE dynamic scheduling on a 1 ms (subframe) basis is applied to both uplink and downlink if short TTI is not configured. Typically, LTE scheduling is based on the instantaneous radio-link quality as seen by the different users, and the traffic demand and quality-of-service requirements of individual users and in the cell as a whole. The former is based on CQI reports from the terminals (downlink) or measurements of sounding signals from the terminals (uplink). Based on this the base station may e.g. apply a proportional fair scheduling algorithm. The QoS assessment is supported by means of receiving QoS information from the “higher layers”.  
If short TTI is configured, a scheduler may allocate DL and UL shared channel transmission durations of either slots (7 OFDM/SC-FDMA symbols) or subslots (2 OFDM/SC-FDMA symbols). The DL and UL transmission duration does not have to be the same.
For VoIP traffic (or any traffic having similar characteristics) semi-persistent scheduling can be applied, by which a user can be allocated time-frequency resources in a semi-persistent manner, i.e., fixed resources are allocated at certain intervals without L1/L2 control signaling each time. This is especially useful to reduce the L1/L2 control signaling overhead and to increase VoIP capacity.
Moreover, LTE supports TTI bundling, by which time-frequency resources can be allocated consecutively to a user for a longer period than 1 ms by a single L1/L2 control signaling. A larger transport block size or a lower coding rate can be supported by this technique. This is especially useful when the coverage needs to be extended.
For TDD operation in general a subframe is semi-statically configured for DL or UL transmission. However, dynamic reconfiguration of certain subframes is also possible to adapt to traffic and interference conditions. 
Intercell-interference coordination mechanisms may also be realized by the scheduler. To aid inter-cell coordination, LTE defines two indicators exchanged between base stations: The High-interference Indicator (HI) provides information to neighboring cells about the part of the cell bandwidth upon which the cell intends to schedule its cell-edge users. The Overload Indicator (OI) provides information on the uplink interference level experienced in each part of the cell bandwidth.
For the downlink, intercell-interference coordination can be realized using a Relative Narrowband TX Power (RNTP) indicator.
For NB-IoT the scheduler controls the transmission duration of control channels in number of subframes in a semi-static fashion while the transmission duration of shared channels can be varied dynamically. This is beneficial for extending coverage.
For a user capable of V2X communication, two sidelink resource allocation modes are defined: eNB-controlled and UE-Autonomous resource allocation modes. In eNB controlled mode, all sidelink transmissions (i.e. sidelink control and shared channel transmissions) are scheduled by the base station. In UE-Autonomous resource allocation mode, UE autonomously selects resources for sidelink transmission within preconfigured sidelink resource pools based on predefined sensing and resource selection procedures. In both modes, either dynamic or semi-persistent resource allocations can be used.
For a user capable of V2X communication multiple semi-persistent configurations can be configured in uplink and sidelink, regardless of the specific services the UE is operating. This, along with sidelink resource selection procedures conditioned on sensing sidelink transmissions from other users reduces probability of collisions and improve system performance.

	DECT-2020 channels use the same basic time/frequency structure as traditional DECT. The basic frame time of 10 ms is split into 24 time-slots. Time-slots can be aggregated. Half-slots for some packet types are also supported. DECT-2020 can also operate in a frameless mode. The basic channel width is 1.728 MHz. Multiple contiguous channels can be aggregated. Channels can be separately and dynamically scheduled for both uplink and downlink.
A DECT-2020 FP device can initiate packet transmission on a half or single channel, or a combination of channels, to a single PP or to multiple PP devices. DECT-2020 FPs can receive packets on a half or single channel or a combination of channels, from a single PP or from multiple PP devices. Transitions from transmit mode to receive mode and from receive mode to transmit mode are separated by a nominal guard time interval. A DECT-2020 PP device can initiate packet transmission on a half or single channel or a number of contiguous channels. DECT-2020 PPs can receive packets on a half or single channel or a number of contiguous channels.
The technology supports both non-scheduled and scheduled operation.
	In NR physical control and shared channels can be separately and dynamically scheduled for both uplink and downlink. A scheduling unit for downlink shared channel may span from 2-14 symbols and for uplink shared channel from 1-14 symbols (14 symbols comprise a “slot”). Sub-carrier spacing for different physical channels may be dynamically changed by switching bandwidth-parts (BWP). 
Typically, NR scheduling is based on the instantaneous radio-link quality as seen by the different users, and the traffic demand and quality-of-service requirements of individual users and in the cell as a whole. The former is based on CQI reports from the terminals (downlink) or measurements of sounding signals from the terminals (uplink). Based on this the base station may e.g. apply a proportional fair scheduling algorithm. The QoS assessment is supported by means of receiving QoS information from the “higher layers”.  
For non-full buffer traffic like VOIP (or any traffic having similar characteristics) semi-persistent scheduling in DL can be applied, by which a user can be allocated time-frequency resources in a semi-persistent manner, i.e., fixed resources are allocated at certain intervals without L1/L2 control signaling each time. This is especially useful to reduce the L1/L2 control signaling overhead and to increase VoIP capacity. In addition, with UL Configured Grants, the scheduler can allocate uplink resources to users. When a configured uplink grant is active, if the user cannot find an uplink grant assigned via downlink control channel an uplink transmission according to the configured uplink grant can be made. Otherwise, if the user finds an uplink grant assigned via downlink control channel, this assignment overrides the configured uplink grant.
In general for TDD operation a slot may be used for dynamically allocating DL or UL transmissions or both.
NR supports slot aggregation in downlink and uplink, by which time-frequency resources can be allocated consecutively to a user for a longer period than a slot by a single L1/L2 control signaling. A larger transport block size or a lower coding rate can be supported by this technique. This is especially useful when the coverage needs to be extended.
As another option to extend coverage or improve reliability in addition to slot aggregation, a set of MCS tables supporting very low code rate for both DL and UL can be used.
The scheduler may pre-empt an ongoing transmission to one user with a latency-critical transmission to another user. The scheduler can configure users to monitor interrupted transmission indications. If a user receives the interrupted transmission indication, the user may assume that no useful information to that user was carried by the resource elements included in the indication, even if some of those resource elements were already scheduled to this user. Alternatively, instead of transmitting interruption indication, the scheduler may retransmit only the preempted code blocks to a UE and instruct to do proper transport block decoding with other already received code blocks.
For the downlink and the uplink, intercell-interference coordination can be realized by the scheduler that is transparent to the physical layer.
	EUHT adopts the TDD mode. The uplink and the downlink are dynamically scheduled respectively. The supported scheduling algorithms include the proportional fair scheduling algorithm and the semi-static scheduling algorithm:
-The dynamic scheduling requires determining the measurement report and self-adaptive mechanism described in Section 5.2.3.2.10.1 such as MIMO antennas, modulation codes and beams. 
-The proportional fair algorithm also requires considering the priorities of different users, the QoS requirements of services, and the current service cache situation, which is suitable for full-buffer services.
-For non-full buffer services, such as VOIP and signal control, semi-static scheduling can be adopted; the burst model of services can be referred to, and a small amount of resources can be reserved periodically to ensure various service quality requirements and the radio resource



















5-  Conclusion

In this report, issues reported in the previous report were regarding the uplink simulations were solved and new mobility and connection density results along with new spectral efficiency results (only for TSDSI in configuration C) have been added here since the last meeting .
On the other hand, work is in progress to finish adjustments of the simulator to account for different features specific to ETSI candidate. Simulations at system then link levels already done to assess the reliability metric. Last calculations step is in progress.
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