	IMT-2020 simulation results - evaluation of area traffic capacity (NR)
	[image: ECON_RGB]




	[bookmark: logotype]






IMT-2020: 
LMLC Link Budget analysis for TSDSI IMT-2020 submission (NR)






Document for discussion



CEG meeting
Montreal, Canada
September 12th, 2019  




Source : Interdigital Inc.


Abbreviations

3GPP: 3rd Generation Partnership Project
AP: Access point
BS: Base-station
BW: Bandwidth
CCE: Control channel element
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
gNB: g-NodeB
GoS: Grade-of-service
HARQ: Hybrid automatic repeat request
InH: Indoor Hotspot
ITU: International Telecommunication Union
LDPC: Low-density parity code
LMLC: low-mobility large-cell
LoS: Line-of-sight
MAC: Medium access control
MIMO: multiple-input multiple-output
mMTC: massive Machine-Type Communications
NB-IoT: Narrowband-Internet of Things
NLoS: non-Line-of-sight
NR: New Radio
OFDM: Orthogonal frequency division multiplexing
PDCCH: Physical downlink control channel, PDSCH: Physical downlink shared channel
PDCP: Packet data convergence protocol
PRB: Physical resource block 
PT-RS: Phase tracking reference signal 
PUCCH: Physical uplink control channel; PUSCH: Physical uplink shared channel 
QoS: Quality-of-service
RAN: Radio access network
RB: Resource block
RE: Resource element
RIT: Radio-interface technology
RLC: Radio link control 
RU: Rural
SCS: Sub-carrier spacing
SDU: Service data unit
SINR/SNR: Signal-to-interference noise ratio/Signal-to-noise ratio
SR: Scheduling request
SRS: Sounding reference symbol
SSB: Synchronization signal block 
SCM: Stochastic channel model
TBS: Transport block size
TRxP: Transmission and reception point
TRS: Tracking reference signal
TTI: Transmission time interval 
UE: User equipment 
UL: Uplink
UP: User-plane
urLLC: ultra-reliable low-latency communications
Introduction

In this contribution, we analyze the link budget template of the TSDSI submission in [1] received by WP5D in July meeting. The main delta with the 3GPP submission is the π/2-BPSK modulation used for the LMLC scenario. So, we will concentrate our analysis on this scenario.
Discussion
The M.2412 document specify precisely how to evaluate the LMLC scenario in terms of deployment (ISD=6000m), UE speed, and then pathloss calculation, for both channel models A and B respectively.
We will take the 700MHz scenario DSUUD as an example without going any further in the link budget template.
It is useful to compare it with eMBB Rural in 700Mhz from 3GPP submission that we already validated and considered it correct in our previous evaluations.
Let’s analyse further the TSDSI LMLC differences and their validity.

Spectrum Efficiency (SE), data channel power boosting and the proposed SNR value for UL data channel
TSDSI simply used the same SE=0.36 as 3GPP for the UL data channel and then they claim that PUSCH power can be boosted to 26dBm as the π/2 BPSK modulation is used.
Based on our link level simulation for SNR derivation/verification of the 3GPP evaluation of Rural eMBB, we found out the MCS index 3 must be used in order to reach SE=0.36. MCS index 3 imply that QPSK modulation must be used. 
Observation1: the SE= 0.36 cannot be achieved with the current assumptions using 
π/2-BPSK modulation.
Observation 2: We believe that a generic 23dBm output power shall be assumed for both control and data channels for the evaluation process, in order to have a consistent overall approach between all proponents.
Observation 3: TSDSI LMLC link budget uses for the NLOS scenario a UE speed of 120km/h while LMLC description in M.2412 suggest a UE speed of 30km/h.
Observation 4: A correct SE value shall be derived using the appropriate simulations against a typical LMLC deployment as described in M.2412.
Observation 5: Since the SNR value suggested for the PUSCH correspond to the eMBB Rural where the UE speed is considered 120Km/h, we believe that a correct SNR value shall be derived using the appropriate channel delay spread specified for a 30km/h and the appropriate SE derived under LMLC scenario.
For convenience we are reproducing here the deployments description from M.2412:

	Parameters
	Rural-eMBB

	
	Spectral Efficiency and Mobility Evaluations
	Average Spectral Efficiency Evaluation

	
	Configuration A
	Configuration B
	Configuration C (LMLC)

	Device deployment
	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
	40% indoor,
40% outdoor (pedestrian), 20% 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
	Fixed and identical speed |v| of all UEs, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UEs, randomly and uniformly distributed direction

	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;
500 km/h for evaluation of mobility in high-speed case
	Indoor users: 3 km/h;
Outdoor users (pedestrian): 3 km/h;
Outdoor users (in-car): 30 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
	20 MHz for TDD, 10 MHz+10 MHz for FDD
	20 MHz for TDD, 10 MHz+10 MHz for FDD

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

	UE antenna height
	1.5 m
	1.5 m
	1.5 m



Pathloss calculation, cell range and cell area availability
We noticed that for the data channel 12dB gain has been employed in the link budget template for LMLC as follows:

10^(3+(F63-161.04+12+7.1*LOG10(20)-7.5*LOG10(5)+(24.37-3.7*(5/F$5)^2)*LOG10(F$5)-20*LOG10(F$4)+(3.2*(LOG10(11.75*F$6))^2-4.97))/(43.42-3.1*LOG10(F$5)))
Also, a another 3dB has been added at the beginning compared to the 3GPP Rural case:

10^((F62-161.04+7.1*LOG10(20)-7.5*LOG10(5)+(24.37-3.7*(5/F$5)^2)*LOG10(F$5)-20*LOG10(F$4)+(3.2*(LOG10(11.75*F$6)^2)-4.97))/(43.42-3.1*LOG10(F$5))+3)

While a 12dB gain is possible, this may not be always the case. We would like to see both LOS and NLOS calculations and consequently the result, as suggested by M.2412 procedure for LMLC that we are highlighting in yellow for convenience for both channel model A and B respectively:

		RMa_A
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, see Note 4
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PLRMa-NLOS = 161.04 – 7.1 log10 (W) + 7.5 log10 (h) – (24.37 – 3.7(h/hBS)2) log10 (hBS) + (43.42 – 3.1 log10 (hBS)) (log10 (d3D)-3) + 20 log10(fc) – (3.2 (log10 (11.75 hUT)) 2 - 4.97),  dB for 10 m < d2D < 21 km.
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For LMLC 
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The applicability ranges:




,, , 
NOTE – the RMa pathloss model for >7 GHz is validated based on a single measurement campaign conducted at 24 GHz.





Observation 6: The pathloss calculation is not following the LMLC M.2412 suggested procedure.
We noticed also that the control channel PUCCH pathloss follows the Rural eMBB rule, resulting into at least 12dB difference compared to data channel in LMLC scenario. 
Observation 7: The control channel PUCCH pathloss calculation follows the Rural eMBB rule, resulting into at least 12dB worst compared to data channel. 

[bookmark: _GoBack]Based on the above observation 7, the cell range for data channel and control channels are very far apart, with a UL data channel cell range of 4352.31m while control channel cell range being 2381.83m.

Observation 8: The TSDSI suggested UL channels cell ranges are not correct.
Observation 9: Based on the above multiple issues the cell area coverage for both data and control channels are not correct.

Summary and conclusion

In this contribution, it has been shown that the IMT-2020 submission from TSDSI contains numerous errors and inconsistencies for the LMLC link budget template, which lead to invalid link budget results.
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