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[bookmark: _Toc516617875][bookmark: _Toc516619058]5	Self evaluation of eMBB technical performance
[Editor’s note: The grouping of the technical performance requirements for eMBB usage scenario are based on Report ITU-R M.2410 “Minimum requirements related to technical performance for IMT-2020 radio interface(s)”. However, it does not imply that each of the following technical performance requirements is only related to eMBB. It is just the minimum requirement that shall be evaluated under eMBB. This should also be noted for Section 6 and 7.] 
[bookmark: _Toc516617876][bookmark: _Toc516619059]5.1	Peak spectral efficiency
As defined in Report ITU-R M.2410, 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). 
5.1.1 	NR
The generic formula for peak spectral efficiency for FDD and TDD for a specific component carrier (say j-th CC) is given by

                                            (5.1.1-1)
wherein	
· Rmax = 948/1024
· For the j-th CC,
· [image: ] is the maximum number of layers 
· [image: ] is the maximum modulation order
· [image: ]is the scaling factor 
· The scaling factor can at least take the values 1 and 0.75. 
· [image: ]is signalled per band and per band per band combination as per UE capability signalling
· [image: ] is the numerology (as defined in TS38.211)
· [image: ] is the average OFDM symbol duration in a subframe for numerology [image: ], i.e. [image: ]. Note that normal cyclic prefix is assumed.
· [image: ] is the maximum RB allocation in bandwidth [image: ] with numerology [image: ], as given in TR 38.817-01 section 4.5.1, where [image: ] is the UE supported maximum bandwidth in the given band or band combination.
· 
[image: ]is the overhead  calculated as the average ratio of the number of REs occupied by L1/L2 control, Synchronization Signal, PBCH and reference signals etc. with respect to the total number of REs in effective bandwidth  time product as given by .
j is the normalized scalar considering the downlink/uplink ratio; 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.
[CATT] In 4G evaluation (R1-093714 final submission), GP was not counted in Peak Data Rate/Peak Spectrum Efficiency. For comparison, it is possible in LTE evaluation (5G evaluation), GP is not counted too. If that is the case, we suggest that there is jis DL ratio for DL peak and UL ratio for UL peak this formula (5.1.1-1) for NR without GP counted to any part of effective BW. The effective bandwidth is the bandwidth carrying physical channel and signalling from this consideration (i.e. GP should not be the part of effective BW). 
[HWv2]: Our understanding is that GP needs to be taken into account for peak data rate and peak spectral efficiency. For example, if a frame structure is DXXXD with X as guard period, the data rate would be C/T, where C is the number of correctly received bits during the time T=5 slots which is the duration of DXXXD. If GP is not taken into account, T=2 slots. That seems not appropriate.


On how to calculate [image: ] in the time-frequency area , please see the clarification as follows.
Let’s take one example:
· DDDSU of SCS=15kHz (=0), with S=(11 DL: 1GP: 2 UL); 
· Take one RB with S slot; 
The calculation is summarized as follows.
	
	Summary

	Illustration
	
RB



	[image: ]
	· Total number of REs in this area Ntotal= 144 = 12*12; 
· 

In this case =12/14.  =180kHz.
· Overhead OH(j)
· Number of GP REs: 12*1
· Number of PDCCH REs: 24 = 12*2
· Number of DMRS REs: 16  (for 8 layer)
· OH(j)=(12+24+16)/ Ntotal=36.11%

	Peak SE
	




	Peak data rate
	




[CATT2]
Regarding GP and its corresponding calculation for peak SE and data rate:
The main difference is how to calculate OH. Our understanding is that OH is overhead happening on the effective resources where data is transferred. That leads to the different SE evaluation results between us for TDD. Taking your basic example where S=(11 DL: 1GP: 2 UL):
Peak data rate = v*Q*f*R* 12*11*(1-OH)/(14*Ts) = v*Q*f*R* 12*11*(1-X/(12*11))/(14*Ts), where X does not include GP. Then you may find the result of peak data rate is exactly the same as yours, although we have different calculation for OH.
However, it does not work for SE calculation, since the alpha is canceled from numerator and denominator except for the one in OH. 
Peak SE = Peak data rate/BW = v*Q*f*R*12*(1-OH)/(Ts*BW) = v*Q*f*R*12* (1-X/(12*11))/ (Ts*BW), where X does not include GP. 
As the previous comment from CATT, Guard period should be reflected in peak data rate, but not the effective data transferred (SE) since it is not the resources for the transfer (same as UL is not used for DL transfer). And the reasonable results from two methods(CATT and Huawei) already show the fact, when there is guard period, peak data rate is not changed no matter which method,  while peak spectrum efficient is kept (similar as FDD, not reduced because of GP) when only effective resources are considered for data transfer.

Regarding “max data rate”:
It should be okay to mainly consider the limitation in 38.214 for the maximum total REs which can be occupied. Our checking is that the minimum overhead is 0.0714. One possible assumption could be when the calculated overhead (no matter UL or DL) is beyond this value, this value will be applied. We find it only happens to FDD FR1 UL in our assumption cases. (please also see B.x.1.2)
[bookmark: _GoBack][HWv3]: For guard period, we think it needs to be considered in spectral efficiency calculation. It is similar to guard band. For example, if we evaluate a 10 MHz system, we indeed use 9 MHz for data transmission, and there are 1 MHz used as guard band that is not used for transfer. When calculating spectral efficiency, we need to divide by 10 MHz, not 9 MHz.
5.1.1.1	DL peak spectral efficiency
DL peak spectral efficiency for NR are provided in Table 5.1.1.1-1 and Table 5.1.1.1-2 for FDD and TDD, respectively. For FDD, peak spectral efficiency of frequency range 1 (FR1) for 450 MHz – 6000 MHz is evaluated. For TDD, peak spectral efficiencies of both FR1 and FR2 for 24.25 GHz – 52.6 GHz are evaluated. The detailed assumptions are provided in Annex B.x.
Table 5.1.1.1-1 NR FDD DL peak spectral efficiency (bit/s/Hz)
	SCS [kHz]
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	25 MHz
	30
MHz
	40 MHz
	50 MHz
	60 MHz
	70	Comment by Wuyong (Eric, WRD): From UE perspective, 70 MHz BW is not supported. So it should not be shown.
MHz
	80 MHz
	90
MHz
	100 MHz
	Req.

	FR1
	15
	41.8	Comment by Wuyong (Eric, WRD): NOTE: All the results will be updated when we have common understanding on parameters.
	45.0
	46.1
	47.0
	47.2
	47.1
	48.4
	48.4
	-
	-
	-
	-
	-
	30

	
	30
	36.4
	40.6
	43.9
	44.7
	46.1
	46.1
	47.0
	47.1
	48.4
	48.4
	48.6
	48.8
	48.9
	30

	
	60
	-
	36.4
	41.1
	41.1
	44.4
	43.0
	44.7
	46.1
	46.7
	47.1
	47.4
	48.2
	48.4
	30


 
Table 5.1.1.1-2 NR TDD DL peak spectral efficiency (bit/s/Hz)
(Frame structure: DDDSU, …)	Comment by Wuyong (Eric, WRD): Frame structure needs to be considered
	SCS [kHz]
	5
MHz
	10
MHz
	15
MHz
	30
MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	70
MHz
	80 MHz
	90
MHz
	100 MHz
	200 MHz
	400 MHz
	Req.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	FR1
	15
	40.3
	44.0
	45.1
	[46.2]
	45.4
	46.1
	46.8
	46.8
	-
	-
	-
	-
	-
	-
	-
	30

	
	30
	35.0
	39.7
	42.9
	[44.5]
	43.7
	44.5
	45.9
	46.1
	46.8
	[46.8]
	47.5
	[47.7]
	47.8
	-
	-
	30

	
	60
	-
	35.5
	39.7
	[42.9]
	40.1
	42.0
	43.7
	44.5
	45.6
	[46.0]
	46.3
	[46.6]
	46.8
	-
	-
	30

	FR2
	60
	-
	-
	-
	-
	-
	-
	-
	39.9
	-
	-
	-
	-
	41.0
	41.5
	-
	30

	
	120
	-
	-
	-
	-
	-
	-
	-
	37.2
	-
	-
	-
	-
	40.5
	41.5
	41.5
	30



[CATT] We assume the configuration is the same as those for SE, latency…e.g. DSUUD (special slot: 11DL, 1GP, 2UL)
[HWv2]: We think it is good to use DDDSU, which reflects the DL/UL traffic ratio in most cases, and is likely to be deployed for eMBB use cases, especially in macro layer.
[CATT2] Firstly we are not talking about practical UL/DL configuration which will be applied to one region. But even though, there would be different UL/DL configurations corresponding to deployment and national plan. There are two reasons we may take DSUUD or other configurations: 1. DSUUD was evaluated in 4G so that it would be quite straight forward to compare performances between 5G and 4G; 2. More strong reason – when there are very uneven configuration for DL and UL, it leads to some requirements which can be fulfilled at DL but not at UL. E.g. FR1 30KHz, 100MHz per CC, when DL:UL = 4:1, 16cc cannot fulfill 10Gbps requirement while when DL:UL = 3:2,  both DL and UL can fulfill the 20 and 10Gbps requirements respectively. From this perspective, at least I do not think DDDSU is proper for this evaluation.
Btw, in 5.2.1.2 UL peak data rate, there is TDD (DL:UL=1:4), which is not the same as the DL/UL configuration as you propose….
[HWv3]: Thanks for CATT’s further clarification. NR’s frame structure is flexible and we take DDDSU as one configuration for evaluation due to its popularity in the deployment. We think it is good to match our evaluation to the possible deployment configurations. It is also good to show what configurations can meet the requirement. We are open to see the results. It is also noted that it is not required for a specific configuration to fulfill all the requirements. 
5.1.1.2	UL peak spectral efficiency
UL peak spectral efficiency for NR are provided in Table 5.1.1.1-1 and Table 5.1.1.1-2 for FDD and TDD, respectively. For FDD, peak spectral efficiency of frequency range 1 (FR1) for 450 MHz – 6000 MHz is evaluated. For TDD, peak spectral efficiencies of both FR1 and FR2 for 24.25 GHz – 52.6 GHz are evaluated. The detailed assumptions are provided in Annex B.x.
Table 5.1.1.2-1 NR FDD UL peak spectral efficiency (bit/s/Hz)
	SCS [kHz]
	5
MHz
	10
MHz
	15
MHz
	30
MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	70
MHz
	80 MHz
	90
MHz
	100 MHz
	Req.

	FR1
	15
	22.9
	23.8
	24.4
	24.7
	24.5
	24.6
	25.0
	25.0
	-
	-
	-
	-
	-
	15

	
	30
	20.1
	22.0
	23.5
	24.1
	23.6
	24.1
	24.5
	24.6
	25.0
	[25.0]
	25.1
	25.2
	25.3
	15

	
	60
	-
	20.1
	22.2
	23.5
	22.2
	23.0
	23.6
	24.1
	24.4
	[24.6]
	24.8
	24.9
	25.0
	15



Table 5.1.1.1-2 NR TDD DL peak spectral efficiency (bit/s/Hz)
(Frame structure: DDDSU, …)
	SCS [kHz]
	5
MHz
	10
MHz
	15
MHz
	30
MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	70
MHz
	80 MHz
	90
MHz
	100 MHz
	200 MHz
	400 MHz
	Req.

	FR1
	15
	20.2
	21.0
	21.2
	21.5
	21.4
	21.5
	21.5
	21.8
	-
	-
	-
	-
	-
	-
	-
	15

	
	30
	17.7
	19.4
	20.4
	30.0
	20.6
	21.0
	21.4
	21.5
	21.8
	[21.8]
	21.9
	22.0
	22.0
	-
	-
	15

	
	60
	-
	17.7
	19.4
	20.4
	19.4
	20.0
	20.6
	21.0
	21.2
	[21.4]
	21.6
	21.7
	21.8
	-
	-
	15

	FR2
	60
	-
	-
	-
	-
	-
	-
	-
	20.2
	-
	-
	-
	-
	20.5
	20.5
	-
	15

	
	120
	-
	-
	-
	-
	-
	-
	-
	19.6
	-
	-
	-
	-
	20.5
	20.5
	20.5
	15



[CATT] We assume the configuration is the same as those for SE, latency…e.g. DSUUD (special slot: 11DL, 1GP, 2UL)
[HWv2]: Same consideration as above.
[CATT2]: same consideration as 5.1.1.1
5.1.2	LTE
5.1.2.1	DL peak spectral efficiency
DL peak spectral efficiency for LTE are provided in Table 5.1.2.1-1 and Table 5.1.2.1-2 for FDD and TDD, respectively. The detailed assumptions are provided in Annex B.x.
Table 5.1.2.1-1 LTE FDD DL peak spectral efficiency (bit/s/Hz)
	Modulation order 
	5	Comment by Wuyong (Eric, WRD): For LTE, may start from 5 MHz
MHz
	10
MHz
	15
MHz
	20 MHz
	Req.

	FR1
	256QAM
	
	
	
	
	30

	
	1024QAM	Comment by Wuyong (Eric, WRD): Considering that 1024QAM is primarily used for fixed point transmission, it is considered for LTE, evaluate both 256QAM and 1024QAM
	
	
	
	
	30



Table 5.1.2.1-2 LTE TDD DL peak spectral efficiency (bit/s/Hz)
(Frame structure: DDDSU, …)
	Modulation order 
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	Req.

	FR1
	256QAM
	
	
	
	
	30

	
	1024QAM
	
	
	
	
	30


5.1.2.2	UL peak spectral efficiency
UL peak spectral efficiency for LTE are provided in Table 5.1.2.2-1 and Table 5.1.2.2-2 for FDD and TDD, respectively. The detailed assumptions are provided in Annex B.x.
Table 5.1.2.2-1 LTE FDD UL peak spectral efficiency (bit/s/Hz)
	Modulation order 
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	Req.

	FR1
	256QAM
	
	
	
	
	15



Table 5.1.2.2-2 LTE TDD UL peak spectral efficiency (bit/s/Hz)
(Frame structure: DDDSU, …)
	Modulation order 
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	Req.

	FR1
	256QAM
	
	
	
	
	15



[bookmark: _Toc516617877][bookmark: _Toc516619060][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK22]5.2	Peak data rate
As defined in Report ITU-R M.2410, 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)
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. 
5.2.1	NR
5.2.1.1	DL peak data rate
DL peak data rate for NR is provided in Table 5.2.1.1-1 for FDD and TDD, respectively. For FDD, peak spectral efficiency of frequency range 1 (FR1) for 450 MHz – 6000 MHz is evaluated. For TDD, peak spectral efficiencies of both FR1 and FR2 for 24.25 GHz – 52.6 GHz are evaluated. The detailed assumptions are provided in Annex B.x.
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)
	Number of CC
	Total bandwidth (MHz)
	Aggregated peak data rate (Gbit/s)
	Req. (Gbit/s)

	FDD
	FR1
	15
	50
	2.42	Comment by Wuyong (Eric, WRD): NOTE: All the results will be updated when we have common understanding on parameters.
	16
	900
	
	20

	
	
	30
	100
	4.89
	16
	1 600
	
	

	
	
	60
	100
	4.84
	16
	1 600
	
	

	TDD 
(DL:UL=4:1)
	FR1
	15
	50
	1.89
	16
	900
	
	

	
	
	30
	100
	3.83
	16
	1 600
	
	

	
	
	60
	100
	3.78
	16
	1 600
	
	

	
	FR2
	60
	200
	6.73
	16
	3 200
	
	

	
	
	120
	400
	13.46
	16
	6 400
	
	



[CATT] Firstly, we need to discuss the represented method for evaluation results. There are two options:
Option 1. Take max BW per CC and max number of CC to calculate the maximum peak data rate
Option 2. Find certain BWs per CC (could be multiple BWs) and a number of CC to reach peak data rate requirement and show how much aggregated BW provided
For option 1, it is much easy to achieve the final evaluation result, while option 2 may provide proper bandwidth which maybe more reasonable. We can see benefit for either way and CATT can follow either way.
Other comments on contents(values) have been reflected in section 5.1.1 and 5.1.1.2.
[HWv2]: Yes the two options can be considered. Currently, the easy way is used. For option 2, the easy way is that we assume the CC bandwidth is the maximum bandwidth of the specific sub-carrier spacing, and we use this CC bandwidth to evaluate how many CCs can reach the target. For example, for 15kHz SCS, we assume the CC bandwidth is 50 MHz, and we show how many CCs with 50 MHz/CC can reach the target.
5.2.1.2	UL peak data rate
UL peak data rate for NR is provided in Table 5.2.1.2-1 for FDD and TDD, respectively. For FDD, peak spectral efficiency of frequency range 1 (FR1) for 450 MHz – 6000 MHz is evaluated. For TDD, peak spectral efficiencies of both FR1 and FR2 for 24.25 GHz – 52.6 GHz are evaluated. The detailed assumptions are provided in Annex B.x.
[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)
	Number of CC
	Total bandwidth (MHz)
	Aggregated peak data rate (Gbit/s)
	Req. (Gbit/s)

	FDD
	FR1
	15
	50
	1.25	Comment by Wuyong (Eric, WRD): NOTE: All the results will be updated when we have common understanding on parameters.
	16
	900
	
	10

	
	
	30
	100
	2.53
	16
	1 600
	
	

	
	
	60
	100
	2.50
	16
	1 600
	
	

	TDD 
(DL:UL=1:4)
	FR1
	15
	50
	1.0
	16
	900
	
	

	
	
	30
	100
	2.02
	16
	1 600
	
	

	
	
	60
	100
	2.0
	16
	1 600
	
	

	
	FR2
	60
	200
	3.74
	16
	3 200
	
	

	
	
	120
	400
	7.49
	16
	6 400
	
	



[CATT] The same comments as 5.2.1.1.
[CATT2]: same consideration as 5.1.1.1. There is TDD (DL:UL=1:4), which is not the same as the DL/UL configuration as Huawei propose….
[HWv3]: We can consider what configuration is able to meet the requirement. For UL peak data rate, we are investigating the possible configurations.
5.2.2	LTE
5.2.2.1	DL peak data rate
DL peak data rate for LTE are provided in Table 5.2.2.1-1 for FDD and TDD, respectively. The detailed assumptions are provided in Annex B.x.
Table 5.2.2.1-1 LTE DL peak data rate
	Duplexing
	Per CC BW (MHz)
	Peak data rate per CC (Gbit/s)
	Number of CC
	Total bandwidth (MHz)
	Aggregated peak data rate (Gbit/s)
	Req. (Gbit/s)

	FDD
	20
	
	32
	640
	
	20

	TDD 
(DL:UL=4:1)
	20
	
	32
	640
	
	


5.2.2.2	UL peak data rate
UL peak data rate for LTE are provided in Table 5.2.2.1-2 for FDD and TDD, respectively. The detailed assumptions are provided in Annex B.x.
Table 5.2.2.1-2 LTE UL peak data rate
	Duplexing
	Per CC BW (MHz)
	Peak data rate per CC (Gbit/s)
	Number of CC
	Total bandwidth (MHz)
	Aggregated peak data rate (Gbit/s)
	Req. (Gbit/s)

	FDD
	20
	
	32
	640
	
	10

	TDD 
(DL:UL=1:4)
	20
	
	32
	640
	
	





[bookmark: _Toc516617904][bookmark: _Toc516619087]Annex B:
Simulation models and assumptions

[bookmark: _Toc500511348][bookmark: _Toc516619088] B.x	Evaluation assumption for peak spectral efficiency and peak data rate
B.x.1	Evaluation assumption for NR
B.x.1.1	NR downlink
Evaluation parameters for NR DL peak spectral efficiency and peak data rate is shown in Table B.x.1.1-1. The notations can be found in equation (5.1.1-1) in Section 5.1.1.
[bookmark: _Ref506285681]Table B.x.1.1-1 NR Parameters for DL peak spectral efficiency and peak data rate evaluation
	Parameters
	Values
	Remarks

	
	FDD FR1
	TDD FR1
	TDD FR2
	

	Max. number of layers
[image: ]
	8
	8
	6,8?	Comment by Wuyong (Eric, WRD): Discussion point: Number of layer for FR2 in DL.
For FR2, if PTRS is used, the max. number of layers will be 6.
[CATT] prefer 6 assuming PTRS since KPI of peak is not directly reflecting device type and we assume applying PTRS as a default case to guarantee performance and also aligned with that in SE evaluation.
[HWv2]: To reflect the more realistic case, 6 can be assumed. “8 layer” for FR2 is very super.
	

	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.
[CATT] the same comments in section 5.2.1.1

	

	[image: ]
	

	

	1
	0.7714 (DL:UL=4:1) 	Comment by Wuyong (Eric, WRD): These are examples
[CATT]:0.5571(DSUUD)
	0.7714 (DL:UL=4:1)
[CATT]0.5571(DSUUD)
	NOTE1

	

	For FR1:
· 0.10 for 50MHz with 15kHz SCS, or 100MHz with 30kHz SCS, or 100MHz with 60kHz SCS	Comment by Wuyong (Eric, WRD): Discussion point: Overhead for NR DL.
Several options:
Opt. 1: As in LS R1-1721732, FR1 OH is 0.14
Opt. 2: As in Huawei contribution, FR1 OH is 0.1
Opt. 3: As in CATT contribution, FR1 OH is xxx (close to 0.1)

[CATT] we list the examples(option 3) for max bandwidth per CC and values for other bandwidth can refer to R1-1806327
· 0.107 for 50MHz with 15khz SCS;
0.104 for 100MHz with 30khz SCS;
0.11 for 100MHz with 60khz SCS;
It would be better to present different values of overhead to outside 3GPP to avoid questions.
But I see the similarity in FDD and TDD FR1.
[HWv2]: For overhead, I agree that we need to provide detailed assumptions that lead to the overhead value for independent evaluation groups to better understand how we derive them.
	For FR1:
· 0.12 for 50MHz with 15kHz SCS, or 100MHz with 30kHz SCS, or 100MHz 
with 60kHz SCS

[CATT] we list the examples(option 3)  for max bandwidth per CC
· 0.12 for 50MHz with 15khz SCS;
0.115 for 100MHz with 30khz SCS;
0.112for 100MHz with 60khz SCS;

	For FR2:
· 0.19 for 200MHz with 60kHz SCS, or  400MHz with 120kHz SCS	Comment by Wuyong (Eric, WRD): The overhead for FR2 is also related to SU layer number.
The value in LS R1-1721732 is 0.18. Adding GP overhead, it becomes 0.19

[CATT] we list the examples(option 3)  for max bandwidth per CC; 6 layers are assumed; No GP
· 0.123for 200MHz with 60khz SCS;
0.112for 400MHz with 120khz SCS;
This is the obvious case that is different from the overhead values from the above while I think it mainly is from 6/8 layers difference. 
	NOTE2

	NOTE:	Comment by Wuyong (Eric, WRD): The following are examples
1. For TDD DL:UL=4:1, it is assumed that 3 DL slots, 1 special slot with DL/UL OFDM symbols, and 1 UL slot are configured in every 5 slots; Special slot includes 11 DL symbols , one symbol for GP, and two UL symbols.
[CATT] DSUUD (special slot: 11DL, 1GP, 2UL); no GP counted in overhead calculation
2. Overhead assumption:
a) For FDD FR1:
· 1 single symbol CORESET of 12 RB (2 CCE) in every slot 
· 12 RE/RB/slot
[CATT] 1 single symbol CORESET of 24 RB (4 CCE) in every slot (considering common search space only)

· TRS burst of 2 slots with periodicity of 20ms and occupies 24RB
· 6 RE/RB/slot
[CATT] TRS burst of 2 slots with periodicity of 80ms and occupies 52RB
· DMRS: 16 RE/RB/slot in every slot and RB
[CATT] OK
· CSI-RS: 8 CSI-RS ports with 8 RE/RB/slot with periodicity of 20ms in every RB
[CATT] OK
· 2 SS/PBCH blocks per 20ms; one SS/PBCH block occupies 960REs = 4 OFDM symbols × 20 RB × 12 REs/RB 
[CATT] The above overhead is from 2 SS/PBCH blocks per 20ms while 1 SSB is also acceptable to CATT. 
[CATT] Add one more item: CSI-IM
· CSI-RS for IM :ZP CSI-RS with periodicity of 20ms, 4 RE/RB/slot

b) For TDD FR1:
GP overhead is included in DL transmission.
[CATT] GP overhead is not included in DL nor UL transmission.
· 1 single symbol CORESET of 12 RB (2 CCE) in every slot 
· 12 RE/RB/slot
[CATT] 1 single symbol CORESET of 24 RB (4 CCE) in every slot (considering common search space only)
· TRS burst of 2 slots with periodicity of 20ms and occupies 24RB
· 6 RE/RB/slot
[CATT] TRS burst of 2 slots with periodicity of 80ms and occupies 52RB
· DMRS: 16 RE/RB/slot in every slot and RB
[CATT] OK
· CSI-RS: 8 CSI-RS ports with 8 RE/RB/slot with periodicity of 20ms in every RB
[CATT] OK
· 2 SS/PBCH blocks per 20ms; one SS/PBCH block occupies 960REs = 4 OFDM symbols × 20 RB × 12 REs/RB
[CATT] The above overhead is from 2 SS/PBCH blocks per 20ms while 1 SSB is also acceptable to CATT. 
[CATT] Add one more item: CSI-IM
· CSI-RS for IM :ZP CSI-RS with periodicity of 20ms, 4 RE/RB/slot

c) For TDD FR2:
GP overhead is included in DL transmission.
[CATT] GP overhead is not included in DL nor UL transmission.
· 1 single symbol CORESET of 24 RB (4 CCE) in every slot
· 12 RE/RB/slot
[CATT] 1 single symbol CORESET of 24 RB (4 CCE) in every slot 
· TRS burst of 2 slots with periodicity of 10ms and occupies 24RB
· 6 RE/RB/slot
[CATT] TRS burst of 2 slots with periodicity of 10ms and occupies 52RB
· DMRS: 24 RE/RB/slot in every slot and RB 
[CATT] DMRS: 12 RE/RB/slot in every slot and RB considering 6 layers
· PTRS: 5 RE/RB/slot (2 port PT-RS, with 25% frequency domain density) in every slot and RB
[CATT] PTRS: 1 ports PTRS, Frequency density is 4 RB, and time domain density is 1 symbol
· CSI-RS: 8 CSI-RS ports with 8 RE/RB/slot with periodicity of 10ms in every RB
[CATT] CSI-RS: 8 CSI-RS ports with 8 RE/RB/slot with periodicity of 2.5ms in every RB
· CSI-RS for BM: 1 CSI-RS port with 2 RE/RB/slot with periodicity of 10ms in every RB
[CATT] 0 for CSI-RS for BM
[CATT]: add one more item for overhead of CSI-IM
· CSI-RS for IM :ZP CSI-RS with periodicity of 2.5ms; 4 RE/PRB
· 8 SS/PBCH blocks per 20ms; one SS/PBCH block occupies 960REs = 4 OFDM symbols × 20 RB × 12 REs/RB
[CATT] The above overhead is calculated by 16 SS/PBCH blocks per 20ms while 8 SSB is also acceptable to CATT
d) If the channel bandwidth is less than the bandwidth of SS/PBCH block, then SS/PBCH block is not transmitted and the overhead of SS/PBCH block is zero.
e) If the channel bandwidth is less than TRS bandwidth, the TRS bandwidth is assumed to be equal to the channel bandwidth.
[CATT] If considering all bandwidth cases per CC for SE calculation, overhead for each bandwidth case should also be assumed, i.e. should not be one overhead value for all cases.

	



B.x.1.2	NR uplink
Evaluation parameters for NR UL peak spectral efficiency and peak data rate is shown in Table B.x.1.2-1. The notations can be found in equation (5.1.1-1) in Section 5.1.1.
Table B.x.1.2-1 NR Parameters for UL peak spectral efficiency and peak data rate evaluation
	Parameters
	Values
	Remarks

	
	FDD FR1
	TDD FR1
	TDD FR2
	

	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.
[CATT] the same comments in section 5.2.1.1

	

	[image: ]
	

	

	1
	0.2286 (DL:UL=4:1) 	Comment by Wuyong (Eric, WRD): These are examples
0.8 (DL:UL=1:4)
[CATT] 0.4286(DSUUD)
	0.2286 (DL:UL=4:1)
0.8 (DL:UL=1:4)
[CATT] 0.4286(DSUUD)
	NOTE1

	

	For FR1:
· 0.07 for 50MHz with 15kHz SCS, or 100MHz with 30kHz SCS, or 100MHz with 60kHz SCS	Comment by Wuyong (Eric, WRD): Discussion point: Overhead for NR UL.
The value in LS R1-1721732 is 0.08 for FR1, and 0.10 for FR2.

[CATT] we list the examples(option 3) for max bandwidth per CC and values for other bandwidth can refer to R1-1806327
· 0.052 for 50MHz with 15khz SCS;
0.050 for 100MHz with 30khz SCS;
0.049 for 100MHz with 60khz SCS;
It would be better to present different values of overhead to outside 3GPP to avoid questions.

[CATT2] Consider to change above 3 values to 0.0714
	For FR1:
· 0.11 for 50MHz with 15kHz SCS, or 100MHz with 30kHz SCS, or 100MHz with 60kHz SCS

[CATT] we list the examples(option 3)  for max bandwidth per CC
· 0.075 for 50MHz with 15khz SCS;
0.071 for 100MHz with 30khz SCS;
0.070 for 100MHz with 60khz SCS;

	For FR2:
· 0.11 for 200MHz with 60kHz SCS, or  400MHz with 120kHz SCS

[CATT] we list the examples(option 3)  for max bandwidth per CC;
· 0.150 for 200MHz with 60khz SCS;
0.142 for 400MHz with 120khz SCS;

	NOTE2

	NOTE:	Comment by Wuyong (Eric, WRD): The following are examples
1. For TDD DL:UL=4:1, it is assumed that 3 DL slots, 1 special slot with DL/UL OFDM symbols, and 1 UL slot are configured in every 5 slots; Special slot includes 11 DL symbols , one symbol for GP, and two UL symbols. For TDD DL:UL=1:4, it is assumed that 1 DL slot and 4 UL slots are configured in every 5 slots; one symbol for GP is assumed in DL slot when the slot switches from DL to UL.
[CATT]: DSUUD (special slot: 11DL, 1GP, 2UL); no GP counted in overhead calculation

2. Overhead assumption:
a) For FDD FR1:
· DM-RS: 1 symbol per slot
[CATT] DM-RS: 8 RE/RB/slot in every slot and RB
[CATT] add one more item: PUCCH for ACK/NACK
· PUCCH: Short PUCCH with 1 PRB over 1 symbol every slot
· SRS: 2 symbols per slot with periodicity of 5ms and SRS BW of 8 PRB
[CATT] SRS: Resources ensuring the whole bandwidth measured within 20ms, i.e. 1 symbol/all PRBs/20ms
b) For TDD FR1:
· DM-RS: 1 symbol per slot
[CATT] DM-RS: 8 RE/RB/slot in every slot and RB
[CATT] add one more item: PUCCH for ACK/NACK
PUCCH: Short PUCCH with 1 PRB over 1 symbol every slot
· SRS: 2 symbols per slot with periodicity of 5ms and SRS BW of 8 PRB
[CATT] SRS: Resources ensuring the whole bandwidth measured within 20ms, i.e. 1 symbol/all PRBs/20ms

c) For TDD FR2:
· DM-RS: 1 symbol per slot
[CATT] DM-RS: 8 RE/RB/slot in every slot and RB
[CATT] add one more item: PUCCH for ACK/NACK
PUCCH: Short PUCCH with 1 PRB over 1 symbol every slot
· SRS: 4 symbols per slot with periodicity of 5ms and SRS BW of 16 PRB
 [CATT] SRS: Resources ensuring the whole bandwidth measured within 2.5ms, i.e. 1 symbol/all PRBs/2.5ms
· PTRS: 6 RE/RB/slot (2 port PT-RS, with 25% frequency domain density) in every slot and RB
[CATT] PTRS: 2 ports PTRS, Frequency density is 4 RB, and time domain density is 1 symbol


B.x.2	Evaluation assumption for LTE
B.x.2.1	LTE downlink
Evaluation parameters for LTE DL peak spectral efficiency and peak data rate is shown in Table B.x.2.1-1. The notations can be found in equation (5.1.1-1) in Section 5.1.1.
Table B.x.2.1-1 LTE Parameters for DL peak spectral efficiency and peak data rate evaluation
	Parameters
	Values
	Remarks

	Max. number of layers
[image: ]
	8
	

	Highest modulation order
[image: ]
	8
10
	256QAM
1024QAM

	Scaling factor of modulation 


	1
	

	Max. coding rate
Rmax
	According to Transport block size (TBS) table defined in TS36.213
	

	

	See Table 8.1.2-2 for specific component carrier bandwidth.
	The maximum number of RBs for the specific component carrier bandwidth is used.



B.x.2.2	LTE uplink
Evaluation parameters for LTE DL peak spectral efficiency and peak data rate is shown in Table B.x.2.2-1. The notations can be found in equation (5.1.1-1) in Section 5.1.1.
Table B.x.2.2-1 LTE 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
	According to Transport block size (TBS) table defined in TS36.213
	

	

	See Table 8.1.2-2 for specific component carrier bandwidth.
	The maximum number of RBs for the specific component carrier bandwidth is used.
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