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Abbreviations

3GPP: 3rd Generation Partnership Project

BLER: Block error rate

BS: Base-station

BW: Bandwidth

CCE: Control channel element

CP: Control-plane

CSI: Channel state information 

CSI-RS: Channel state information reference signal

DU: Dense urban

DL: Downlink

DM-RS: Demodulation reference signal 

eMBB: enhanced mobile broadband

gNB: g-NodeB

GoS: Grade-of-service

HARQ: Hybrid automatic repeat request

InH: Indoor Hotspot

ITU: International Telecommunication Union

LMLC: low-mobility large-cell

MIMO: multiple-input multiple-output

mMTC: massive Machine-Type Communications

NR: New Radio

NB-IoT: Narrowband-Internet of Things

OLLA: outer loop link adaptation 

PDCCH: Physical downlink control channel, PDSCH: Physical downlink shared channel

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

RE: Resource element

RIT: Radio-interface technology

RU: Rural

SCM: Stochastic channel model
SCS: Sub-carrier spacing

SDU: Service data unit

SR: Scheduling request

SRS: Sounding reference symbol

SSB: Synchronization signal block 

TRxP: Transmission and reception point

TRS: Tracking reference signal

TTI: Transmission time interval 

UE: User equipment 

UL: Uplink

ULPC: Uplink power control

UP: User-plane

urLLC: ultra-reliable low-latency communications

1 Introduction

In this contribution we are verifying the bandwidth requirement against the IMT-2020 3GPP submission presented in[1].

The bandwidth requirement for IMT-2020 is defined in [2]. We are reproducing the text here for convenience:
“Bandwidth is the maximum aggregated system bandwidth. The bandwidth may be supported by single or multiple radio frequency (RF) carriers. The bandwidth capability of the RIT/SRIT is defined for the purpose of IMT-2020 evaluation.
The requirement for bandwidth is at least 100 MHz. 

The RIT/SRIT shall support bandwidths up to 1 GHz for operation in higher frequency bands (e.g. above 6 GHz). 

Proponents are encouraged to consider extensions to support operation in wider bandwidths considering the research targets expressed in Recommendation ITU-R M.2083.

The RIT/SRIT shall support scalable bandwidth. Scalable bandwidth is the ability of the candidate RIT/SRIT to operate with different bandwidths.”

As for the evaluation part, the inspection method is mentioned in [3] that we reproduce here for convenience:
“The support of maximum bandwidth required in § 4.13 of Report ITU-R M.2410-0, is verified by inspection of the proposal.
The scalability requirement is verified by demonstrating that the candidate RITs/SRITs can support multiple different bandwidth values. These values shall include the minimum and maximum supported bandwidth values of the candidate RITs/SRITs.
The requirements for bandwidth or the bandwidth numbers demonstrated by the proponent do not pose any requirements or limitations for other Technical Performance Requirements that depend on bandwidth. If any other requirement requires a higher bandwidth, the capability to reach that bandwidth should be described as well.”

In the following sections, we will verify the above requirements by inspecting the 3GPP related RF specifications for Rel-15 that were part of the IMT-2020 submission.
2 Discussion
Based on the 3GPP submission, this discussion we considered the following two RITs for inspection:
1. NR bandwidth requirements capabilities.
2. LTE bandwidth requirements capabilities.
2.1 NR bandwidth requirements capabilities
The capability of bandwidth and bandwidth scalability for NR:
First, we have the supported bandwidth channels on FR1 (below 6GHz) and FR2 (above 24GHz) respectively along with their supported SCS. Then, according to the RRC specification TS 38.331, according to section 6.4, up to 16 component carriers is supported in Rel-15.  
According to TS 38.104 the following channel bandwidths and maximum aggregation bandwidths are supported in Rel-15:

Table 2.1.1 NR capability on bandwidth
	
	SCS [kHz] 
	Maximum bandwidth for one component carrier (MHz)
	Maximum number of component carriers for carrier aggregation
	Maximum aggregated bandwidth (MHz)

	FR1

(410 MHz – 7125 MHz)
	15
	50
	

16
	800

	
	30
	100
	16
	1600

	
	60
	100
	16
	1600

	FR2 
(24250 MHz – 52600 MHz)
	60
	200
	16
	3200

	
	120
	400
	16
	6400


And then the following transmission bandwidths configurations are supported for each case:

Table 2.1.2: Transmission bandwidth configuration NRB for FR1
	SCS (kHz)
	5

MHz
	10

MHz
	15

MHz
	20 MHz
	25 MHz
	30
MHz
	40 MHz
	50 MHz
	60 MHz
	70

MHz
	80 MHz
	90

MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	160
	216
	270
	N.A
	N.A
	N.A
	N.A
	N.A

	30
	11
	24
	38
	51
	65
	78
	106
	133
	162
	189
	217
	245
	273

	60
	N.A
	11
	18
	24
	31
	38
	51
	65
	79
	93
	107
	121
	135


Table 5.3.2-2: Transmission bandwidth configuration NRB for FR2
	SCS (kHz)
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264


And then in terms of scalability capability we minimum and maximum channel bandwidth and the maximum scalability per component carrier:
Table 2.1.3 Bandwidth scalability capability for NR 
	
	SCS [kHz] 
	Minimum component carrier bandwidth (MHz)
	Maximum component carrier bandwidth (MHz)
	Maximum Number of supported bandwidths for a component carrier

	FR1
	15
	5
	50
	8

	
	30
	5
	100
	13

	
	60
	10
	100
	12

	FR2
	60
	50
	200
	3

	
	120
	50
	400
	4


The bandwidth scalability capability of NR Rel-15 is summarized in Table 2.1.3. It is observed that up to 13 different bandwidths are supported for FR 1, and up to 4 different bandwidths are supported for FR 2. Therefore, bandwidth scalability capability is fulfilled by NR Rel-15.
2.2 LTE bandwidth requirements capabilities
According to Section 5.6 of TS36.101, the maximum bandwidth of a component carrier is 20 MHz for LTE. Besides, according to Section 6.4 of TS 36.331, carrier aggregation of up to thirty-two component carriers is supported by LTE Rel-15.
Accordingly, LTE Rel-15 reaches the capability of maximum aggregated system bandwidth of 640 MHz. Therefore the bandwidth requirement of at least 100 MHz is met by LTE Rel-15.

Table 2.2.1: Transmission bandwidth configuration NRB in LTE
	Channel bandwidth BWChannel [MHz]
	1.4
	3 
	5
	10
	15
	20

	Transmission bandwidth configuration NRB
	6
	15 
	25
	50
	75
	100


 3 Conclusion

Based on the above verification we can conclude that 3GPP submission can fulfill theIMT-2020 bandwidth and scalability requirements.
A text proposal for the CEG evaluation report is proposed in the Annex of this document.
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Annex

Text proposal for CEG report on Bandwidth requirement
1 Conclusion: CEG concluded that bandwidth and scalabilty requirements are met by the IMT-2020 3GPP submission. 
2. Verification:
Based on the 3GPP submission, this discussion we considered the following two RITs for inspection:

1. NR bandwidth requirements capabilities.
2. LTE bandwidth requirements capabilities.
2.1 NR bandwidth requirements capabilities
The capability of bandwidth and bandwidth scalability for NR:

First, we have the supported bandwidth channels on FR1 (below 6GHz) and FR2 (above 24GHz) respectively along with their supported SCS. Then, according to the RRC specification TS 38.331, according to section 6.4, up to 16 component carriers is supported in Rel-15.  

According to TS 38.104 the following channel bandwidths and maximum aggregation bandwidths are supported in Rel-15:

Table 2.1.1 NR capability on bandwidth
	
	SCS [kHz] 
	Maximum bandwidth for one component carrier (MHz)
	Maximum number of component carriers for carrier aggregation
	Maximum aggregated bandwidth (MHz)

	FR1

(410 MHz – 7125 MHz)
	15
	50
	

16
	800

	
	30
	100
	16
	1600

	
	60
	100
	16
	1600

	FR2 
(24250 MHz – 52600 MHz)
	60
	200
	16
	3200

	
	120
	400
	16
	6400


And then the following transmission bandwidths configurations are supported for each case:

Table 2.1.2: Transmission bandwidth configuration NRB for FR1
	SCS (kHz)
	5

MHz
	10

MHz
	15

MHz
	20 MHz
	25 MHz
	30
MHz
	40 MHz
	50 MHz
	60 MHz
	70

MHz
	80 MHz
	90

MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	160
	216
	270
	N.A
	N.A
	N.A
	N.A
	N.A

	30
	11
	24
	38
	51
	65
	78
	106
	133
	162
	189
	217
	245
	273

	60
	N.A
	11
	18
	24
	31
	38
	51
	65
	79
	93
	107
	121
	135


Table 5.3.2-2: Transmission bandwidth configuration NRB for FR2
	SCS (kHz)
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264


And then in terms of scalability capability we minimum and maximum channel bandwidth and the maximum scalability per component carrier:

Table 2.1.3 Bandwidth scalability capability for NR 
	
	SCS [kHz] 
	Minimum component carrier bandwidth (MHz)
	Maximum component carrier bandwidth (MHz)
	Maximum Number of supported bandwidths for a component carrier

	FR1
	15
	5
	50
	8

	
	30
	5
	100
	13

	
	60
	10
	100
	12

	FR2
	60
	50
	200
	3

	
	120
	50
	400
	4


The bandwidth scalability capability of NR Rel-15 is summarized in Table 2.1.3. It is observed that up to 13 different bandwidths are supported for FR 1, and up to 4 different bandwidths are supported for FR 2. Therefore, bandwidth scalability capability is fulfilled by NR Rel-15.
2.2 LTE bandwidth requirements capabilities
According to Section 5.6 of TS36.101, the maximum bandwidth of a component carrier is 20 MHz for LTE. Besides, according to Section 6.4 of TS 36.331, carrier aggregation of up to thirty-two component carriers is supported by LTE Rel-15.
Accordingly, LTE Rel-15 reaches the capability of maximum aggregated system bandwidth of 640 MHz. Therefore the bandwidth requirement of at least 100 MHz is met by LTE Rel-15.

Table 2.2.1: Transmission bandwidth configuration NRB in LTE
	Channel bandwidth BWChannel [MHz]
	1.4
	3 
	5
	10
	15
	20

	Transmission bandwidth configuration NRB
	6
	15 
	25
	50
	75
	100


