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[bookmark: scope][bookmark: foreword]1	Introduction
This document provides a summary on 6GR peak data rate in RAN#110.
2	Input documents to RAN#110
	[RP-253072 Futurewei]
	Proposal 1. Define peak data rate as a KPI for 6GR two times the value as in 5G NR

	[RP-253111 Ericsson]
	· RAN plenary to provide guidance on 3GPP internal requirement on the 6GR peak data rate target 
· 6GR peak data rate target is assumed to be 1x-2x of the target peak data rate defined in TR38.913, with the exact value (between 1x and 2x) to be selected during RAN#110, hence
· 6GR downlink peak data rate is selected in the range 20-40 Gbit/s
· 6GR uplink peak data rate is selected in the range 10-20 Gbit/s

	[RP-253183 NTT DOCOMO]
	Proposal 1: To resolve the remaining issues on peak data rate and mobility for Rural-IC, and to discuss the target values of legacy KPIs for 3GPP internal evaluation of 6G based on the agreements for IMT-2030 TPRs in RAN#109 as a starting point, as described in Table 1.
DCM view: It is preferable to define a requirement with reasonable target value. 1.5x is achieved, assuming 1024QAM / 256QAM, 8 layers for DL / UL and bandwidth of 500 MHz.

	[RP-253193 ZTE]
	Observation 2: TR 22.870 “Study on 6G Use Cases and Service Requirements” has identified 6G use cases that demand a high data rate on 100 Gbps range or beyond.
Observation 3: If the peak data rate is defined as less than 40 Gbps in DL or 20 Gbps in UL (2 times of IMT-2020), there could be confusion or negative impression that the available bandwidth for IMT technologies shrinks from 5G to 6G.
Observation 4: If sufficient spectrum is assumed, peak data rates as 100 Gbps in DL and 50 Gbps in UL are achievable goals.
Proposal 8: Define peak data rates as 100 Gbps in DL and 50 Gbps in UL. 
· Alternatively, define “peak data rate per CC” and adopt 24 Gbps for DL and 12 Gbps for UL in FR1 (8 times of NR peak data rate per CC by simple calculation). Follow the same logic for FR2 depending on future RAN1 agreement on maximum bandwidth per CC.

	[RP-253242 SK Telecom]
	Proposal 1. We propose the following options regarding the Peak Data Rate in the TR: 
1. Option 1: Do not define a Peak Data Rate value at this stage, or, if the group believes a reference metric is still useful, designate it explicitly as a “Theoretical Peak Data Rate” to clarify that it is based on hypothetical bandwidth assumptions and does not represent deployable performance.
2. Option 2: If the group prefers to retain some figures for Peak Data Rate in the TR, the proponent shall provide a specific numerical proposal together with the explicit assumptions used (e.g., bandwidth, spectral efficiency), ensuring transparency and avoiding misleading interpretation.

	[RP-253330 Qualcomm]
	Proposal 1: For Peak data rate, set a target value of 4x IMT-2020.

	[RP-253141 MediaTek]
	Proposal 1: Confirm a target Peak Data Rate of 40Gbps in DL and 20Gbps in UL

	[RP-253159 Samsung]
	Proposal 1: TP for section 5.1.1 Peak data rate
In RAN#109 meeting, there was a view that the peak data rate requirement has to be defined while there were concerns on defining unrealistic requirements. Considering that the peak data rate could be derived from the peak spectral efficiency multiplied by the bandwidth, it is proposed to define the peak data rate requirement as follows. 
· DL: 24 Gbit/s (60 bit/s/Hz x 400 MHz)
· UL: 12 Gbit/s (30 bit/s/Hz x 400 MHz)
The corresponding text proposal is as follows. 
<<<<<< Text Proposal 1: Start >>>>>>
[bookmark: _Toc519780366]5.1.1	Peak data rate
Peak data rate is the theoretical maximum [achievable] data rate under ideal conditions, which is the received data bits assuming error-free conditions assignable to a single mobile station, when all assignable radio resources for the corresponding link direction are utilized (i.e. excluding radio resources that are used for physical layer synchronization, reference signals or pilots, guard bands and guard times). 
Peak data rate is defined for a single mobile station. In a single band, it is related to the peak spectral efficiency in that band. Let W denote the channel bandwidth and SEp denote the peak spectral efficiency in that band. Then the peak data rate Rp is given by:
Rp = W × SEp
Peak spectral efficiency and available bandwidth may have different values in different frequency ranges. In case bandwidth is aggregated across multiple bands, the peak data rate will be summed over the bands. Therefore, if bandwidth is aggregated across Q bands, then the total peak data rate is
Wi × SEpi
where Wi and SEpi (i = 1, …, Q) are the component bandwidths and spectral efficiencies respectively.
The minimum requirements for peak data rate are as follows:
–	Downlink peak data rate is 24 Gbit/s.
–	Uplink peak data rate is 12 Gbit/s.
<<<<<< Text Proposal 1: End >>>>>>

	[RP-253193 ZTE]
	5.1.1	Peak data rate
Peak data rate is the theoretical maximum achievable data rate under ideal conditions, which is the received data bits assuming error-free conditions assignable to a single mobile station, when all assignable radio resources for the corresponding link direction are utilized (i.e. excluding radio resources that are used for physical layer synchronization, reference signals or pilots, guard bands and guard times). 
Peak data rate is defined for a single mobile station. In a single band, it is related to the peak spectral efficiency in that band. Let W denote the channel bandwidth and SEp denote the peak spectral efficiency in that band. Then the peak data rate Rp is given by:
Rp = W × SEp
Peak spectral efficiency and available bandwidth may have different values in different frequency ranges. In case bandwidth is aggregated across multiple bands, the peak data rate will be summed over the bands. Therefore, if bandwidth is aggregated across Q bands, then the total peak data rate is
Wi × SEpi
where Wi and SEpi (i = 1, …, Q) are the component bandwidths and spectral efficiencies respectively.
The minimum requirements for peak data rate are as follows:
–	Downlink peak data rate is 100 Gbit/s.
–	Uplink peak data rate is 50 Gbit/s.
The minimum requirements for peak data rate per carrier for FR1 are as follows:
–	Downlink peak data rate is 24 Gbit/s.
–	Uplink peak data rate is 12 Gbit/s.

	[RP-253396 Orange, Deutsche Telekom, Vodafone, Rakuten Mobile, Telecom Italia,AccelerComm,Bouygues Telecom, AT&T, BT]
	Multiple companies advocate for an increase of the IMT-2030 peak rate compared to IMT-2020 (20 Gbps DL / 10 Gbps UL)
In most markets however, the typical peak rate today is ~10 times lower than the IMT-2020 target
Even with most optimistic deployment scenarios, with new frequency bands, more MIMO layers and higher modulation orders, co-signing companies believe IMT-2020 peak rates are still seen as sufficient
The co-signing companies propose not to increase the peak rates (DL & UL) for IMT-2030 vs. IMT-2020

User peak rate
Even with optimistic assumptions for mobile broadband [1], i.e., 400 MHz bandwidth, 4 layers MIMO, 256QAM and TDD frame format of 75% DL / 25% UL, the user peak rate in DL will be ~ 7.5 Gbps*, hence still much less than 20 Gbps. In Uplink, the user peak rate will be much lower. 
In most markets however, the typical peak rate on the network today is ~10 times lower than the IMT-2020 target, i.e., ~ 2 Gbps in DL with ~ 100 MHz bandwidth, 4 layers MIMO and 256QAM.
There is no driver to increase the user peak rate

UL aggregated peak rate
In Uplink, the decoding complexity is not directly linked to the user peak rate, but to the aggregated throughput of all connected users at a given time. 
Proponents of the LDPC extension claim high aggregated throughput would be reached with high numbers of MU-MIMO layers (e.g., up to 48 layers). Such figures seem utterly unrealistic, bearing in mind the current MU-MIMO performance in the field with much lower number of layers (e.g., 4 / 8 layers) still fails to show significant gains.
There is no driver to consider an UL aggregated peak rate higher than the IMT-2020 UL peak rate




3 Discussion
In the approved TR38.914 v0.2.0, we have following section for peak data rate, while still missing the target values.
	5.1.1	Peak data rate
[Peak data rate is the theoretical maximum [achievable] data rate under ideal conditions, which is the received data bits assuming error-free conditions assignable to a single mobile station, when all assignable radio resources for the corresponding link direction are utilized (i.e. excluding radio resources that are used for physical layer synchronization, reference signals or pilots, guard bands and guard times). 
Peak data rate is defined for a single mobile station. In a single band, it is related to the peak spectral efficiency in that band. Let W denote the channel bandwidth and SEp denote the peak spectral efficiency in that band. Then the peak data rate Rp is given by:
Rp = W × SEp
Peak spectral efficiency and available bandwidth may have different values in different frequency ranges. In case bandwidth is aggregated across multiple bands, the peak data rate will be summed over the bands. Therefore, if bandwidth is aggregated across Q bands, then the total peak data rate is
Wi × SEpi
where Wi and SEpi (i = 1, …, Q) are the component bandwidths and spectral efficiencies respectively.
The minimum requirements for peak data rate are as follows:
–	Downlink peak data rate is TBD Gbit/s.
–	Uplink peak data rate is TBD Gbit/s.]



For IMT-2020, the peak data rate was set as 20 Gbps for DL and 10 Gbps for UL, and 3GPP confirmed 5G NR can meet the requirements through the study on self evaluation towards IMT-2020 submission in TR37.910:
	[bookmark: _Toc21288679]5.2	Peak data rate
As defined in Report ITU-R M.2410 [4], peak data rate is the maximum achievable data rate under ideal conditions (in bit/s), which is the received data bits assuming error-free conditions assignable to a single mobile station, when all assignable radio resources for the corresponding link direction are utilized (i.e. excluding radio resources that are used for physical layer synchronization, reference signals or pilots, guard bands and guard times).
For both NR and LTE, the DL/UL peak data rate for FDD and TDD over Q component carriers can be calculated as below

							(5.2-1)
[bookmark: _Hlk11581061][bookmark: _Hlk11581039]where Wj and SEpi (j = 1,…, Q) are the effective bandwidth and spectral efficiencies on component carrier j, respectively, (j) is the normalized scalar on component carrier j considering the downlink/uplink ratio on that component carrier; for FDD (j) =1 for DL and UL; and for TDD and other duplexing (j) for DL and UL is calculated based on the frame structure, and BW(j) is the carrier bandwidth of component j. 
[bookmark: _Toc21288680]5.2.1	NR
[bookmark: _Toc21288681]5.2.1.1	DL peak data rate
A range of configurations are considered in the evaluation of downlink peak data rate. 
DL peak data rate for NR is evaluated based on the evaluation results of NR peak spectral efficiency provided in Section 5.1.1.1. Table 5.2.1.1-1 provides the evaluation results for the specific component carrier (CC) bandwidth. It is observed that NR fulfils the DL peak data rate requirement.
Table 5.2.1.1-1 NR DL peak data rate
	Duplexing
	SCS [kHz]
	Per CC BW (MHz)
	Peak data rate per CC (Gbit/s)
	Aggregated peak data rate over 16 CCs (Gbit/s)
	Required DL bandwidth to meet the requirement (MHz)1
	Req. (Gbit/s)

	FDD
	FR1
	15
	50
	2.31~2.41
	37.0~38.6
	414~433
	20

	
	
	30
	100
	4.67~4.89
	74.7~78.2
	409~428
	

	
	
	60
	100
	4.62~4.82
	73.9~77.1
	415~433
	

	TDD 
(DDDSU)
	FR1
	15
	50
	1.81
	29.0
	552
	

	
	
	30
	100
	3.68
	58.9
	543
	

	
	
	60
	100
	3.62
	57.9
	552
	

	
	FR2 
(Nlayer=6)
	60
	200
	5.33
	85.3 
	750
	

	
	
	120
	400
	10.7
	171.2 
	748
	

	TDD 
(DSUUD, 
S slot= 11DL:2GP:2UL)
	FR1
	15
	50
	1.32
	21.1 
	757
	

	
	
	30
	100
	2.69
	43.0 
	745
	

	
	
	60
	100
	2.64
	42.3 
	757
	

	
	FR2 
(Nlayer=6)
	60
	200
	3.86
	61.8 
	1036
	

	
	
	120
	400
	7.81
	125.0 
	1024
	

	TDD 
(DSUUD, 
S slot= 6DL:2GP:6UL)
	FR1
	15
	50
	1.13
	18.1 
	885
	

	
	
	30
	100
	2.30
	36.8 
	870
	

	
	
	60
	100
	2.26
	36.2 
	885
	

	
	FR2 (Nlayer=8)
	60
	200
	4.38
	70.1 
	913
	

	
	
	120
	400
	8.76
	140.2 
	913
	

	NOTE 1: The value only indicates the required bandwidth to meet the DL peak data rate. It is not necessarily supported as NR Transmission bandwidth.


[bookmark: _Toc21288682]5.2.1.2	UL peak data rate
A range of configurations are considered in the evaluation of uplink peak data rate. 
UL peak data rate for NR is evaluated based on the evaluation results of NR peak spectral efficiency provided in Section 5.1.1.2. Table 5.2.1.2-1 provides the evaluation results for the specific component carrier (CC) bandwidth. It is observed that NR fulfils the UL peak data rate requirement.
[bookmark: _Ref506286183]Table 5.2.1.2-1 NR UL peak data rate 
	Duplexing
	SCS [kHz]
	Per CC BW (MHz)
	Peak data rate per CC (Gbit/s)
	Aggregated peak data rate over 16 CCs (Gbit/s)
	Required UL bandwidth to meet the requirement (MHz)1
	Req. (Gbit/s)

	FDD
	FR1
	15
	50
	1.12~1.18
	17.9~18.9
	424~446
	10

	
	
	30
	100
	2.28~2.39
	36.5~38.2
	418~439
	

	
	
	60
	100
	2.27~2.38
	36.3~38.1
	420~441
	

	TDD (DDDSU) + SUL
	FR1
	15
	50
	1.12~1.18
	17.9~18.9
	424~446
	

	
	
	30
	100
	2.28~2.39
	36.5~38.2
	418~439
	

	
	
	60
	100
	2.27~2.38
	36.3~38.1
	420~441
	

	TDD 
(DSUUD, 
S slot =11DL:2GP:2UL)
	FR1
	30
	100
	1.06
	17.0
	943 
	

	
	
	60
	100
	1.05
	16.8
	952 
	

	
	FR2
	60
	200
	1.91
	30.6
	1047 
	

	
	
	120
	400
	3.85
	61.6
	1039 
	

	TDD 
(DSUUD, 
S slot =6DL:2GP:6UL)
	FR1
	30
	100
	1.05
	16.8
	952 
	

	
	
	60
	100
	1.04
	16.6
	962 
	

	
	FR2
	60
	200
	2.02
	32.3
	990 
	

	
	
	120
	400
	4.04
	64.6
	990 
	

	NOTE 1: The value only indicates the required bandwidth to meet the DL peak data rate. It is not necessarily supported as NR Transmission bandwidth.



[bookmark: _Toc21288809]B.3.1	Evaluation assumption for NR
[bookmark: _Toc21288810]B.3.1.1	NR downlink
Evaluation parameters for NR DL peak spectral efficiency and peak data rate is shown in Table B.3.1.1-1. The notations can be found in equation (5.1.1-1) in Section 5.1.1.

[bookmark: _Ref506285681]Table B.3.1.1-1 NR Parameters for DL peak spectral efficiency and peak data rate evaluation
	Parameters
	Values
	Remarks

	Max. number of layers
[image: ]
	For  FR1: 8
For FR2: 6, 8
	

	Highest modulation order
[image: ]
	8
	256QAM

	Scaling factor of modulation 


	1
	

	Max. coding rate
Rmax
	948/1024 = 0.9258
	

	

	0, 1, 2, 3
	SCS = 2×15 kHz

	

	See Table 8.1.1-2 for FR1 and FR2 for specific component carrier bandwidth and SCS.
	The maximum number of RBs for the specific component carrier bandwidth and SCS is used.



[bookmark: _Toc21288811]B.3.1.2	NR uplink
Evaluation parameters for NR UL peak spectral efficiency and peak data rate is shown in Table B.3.1.2-1. The notations can be found in equation (5.1.1-1) in Section 5.1.1.
Table B.3.1.2-1 NR Parameters for UL peak spectral efficiency and peak data rate evaluation
	Parameters
	Values
	Remarks

	Max. number of layers
[image: ]
	4
	

	Highest modulation order
[image: ]
	8
	256QAM

	Scaling factor of modulation 


	1
	

	Max. coding rate
Rmax
	948/1024 = 0.9258
	

	

	0, 1, 2, 3
	SCS = 2×15 kHz

	

	See Table 8.1.1-2 for FR1 and FR2 for specific component carrier bandwidth and SCS.
	The maximum number of RBs for the specific component carrier bandwidth and SCS is used.






In summary, the IMT-2020 requirement of the peak data rate was met assuming the following:
· DL: 256QAM, 8 layers, > 400 MHz BW
· UL: 256QAM, 4 layers, > 400 MHz BW

Therefore, fundamental question is whether we assume higher values (such as higher modulation order, higher MIMO layers, wider BW) for 6GR than NR, and if yes, what values we assume. Then we can derive the 6GR peak data rate based on the assumptions.
As an example, RP-253183 provides following assumptions for 6GR
· DL: 1024QAM, 8 layers, 500 MHz BW  5/4x from modulation, ~5/4x from BW, resulting in 1.5x higher peak data rate than NR
· UL: 256QAM, 8 layers, 500 MHz BW  2x from MIMO layers, ~5/4x from BW, resulting in 2.5x higher peak data rate than NR

Following table is used to collect views from companies on how to calculate 6GR peak data rate
	Company
	Modulation
	# of MIMO layers
	BW [MHz]
	Other assumptions
	Peak data rate [Gbps]

	Ref) IMT-2020
	DL: 256QAM
UL: 256QAM
	DL: 8
UL: 4
	DL: >400
UL: >400
	
	DL: 20
UL: 10

	Moderator/DOCOMO
	DL: 1024QAM
UL: 256QAM
	DL: 8
UL: 8
	DL: 500
UL: 500
	
	DL: 30
UL: 15

	Samsung (proposal in RAN#109)
	DL: 1024QAM
UL: 1024QAM
	DL: 8
UL: 4
	DL: 500
UL: 500
	25% OH
	DL: 30
UL: 15

	Samsung (as a possible compromise)
	
	
	400 MHz
	Peak SE * 400 MHz
	DL: 24
UL: 12

	ZTE
	DL: 1024QAM
UL: 1024QAM
	DL: 16
UL: 8
	DL: at least 800M
UL: at least 800M
	Rp = W × SEp, where the minimum SEp has been agreed as 2x, the only discussion point is how many times BW is assumed compared with IMT-2020.
	DL: 100
UL: 50

	Qualcomm/TMUS
	DL: 4096QAM
UL: 1024QAM
	DL: 8
UL: 8
	At least 400MHz
	Assume at least 2x BW vs IMT-2020
	DL: 80
UL: 40

	VF/ATT/Orange/TIM
	
	
	400MHz
	
	

	ETRI
	
	
	800MHz
	
	

	CT/Charter
	
	
	
	
	2x

	Panasonic
	
	
	500MHz
	
	

	VZ
	
	
	
	
	4x

	CMCC
	
	
	600MHz
	
	



After collecting the above assumption, moderator will provide proposal for further discussion
Note that 6GR peak spectral efficiency has been agreed as follows:
	5.1.2	Peak spectral efficiency
Peak spectral efficiency is the maximum data rate under ideal conditions normalised by channel bandwidth (in bit/s/Hz), where the maximum data rate is the received data bits assuming error-free conditions assignable to a single mobile station, when all assignable radio resources for the corresponding link direction are utilized (i.e. excluding radio resources that are used for physical layer synchronization, reference signals or pilots, guard bands and guard times). 
The minimum requirements for peak spectral efficiencies are as follows: 
–	Downlink peak spectral efficiency is 60 bit/s/Hz.
–	Uplink peak spectral efficiency is 30 bit/s/Hz.
These values were defined assuming an antenna configuration to enable TBD spatial layers (streams) in the downlink and TBD spatial layers (streams) in the uplink.




Proposal:
The minimum requirements for 6GR peak data rate are as follows:
–	Downlink peak data rate is [24-48] Gbit/s.
–	Uplink peak data rate is [12-24] Gbit/s.
Note: The above peak data rate assumes [400-800] MHz [aggregated] BW
Note: the actual peak data rate depends on actual spectrum allocation for each MNO


Proposal2 (+80%):
The minimum requirements for 6GR peak data rate are as follows:
–	Downlink peak data rate is 36 Gbps.
–	Uplink peak data rate is 18 Gbps.
Note: The above peak data rate assumes 600 MHz aggregated BW
Note: the actual peak data rate depends on actual spectrum allocation for each MNO



4	Conclusions
The following is proposed for 6GR peak data rate:

Proposal:
The minimum requirements for 6GR peak data rate are as follows:
–	Downlink peak data rate is [24-48] Gbit/s.
–	Uplink peak data rate is [12-24] Gbit/s.
Note: The above peak data rate assumes [400-800] MHz [aggregated] BW
Note: the actual peak data rate depends on actual spectrum allocation for each MNO
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