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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 normalized 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, reference signals and guard period (for TDD), 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 DL/UL configuration. 
For guard period (GP), 50% of GP symbols are considered as downlink overhead, and 50% of GP symbols are considered as uplink overhead.
5.1.1.1	DL peak spectral efficiency
A range of configurations are considered in the evaluation of downlink peak spectral efficiency. The evaluation considers the maximum potential capability as indicated in TS38.214. Note that the DL and UL max data rate supported by the UE is indicated in TS38.306.

For NR FDD, DL peak spectral efficiency of frequency range 1 (FR1) for 450 MHz – 6000 MHz is evaluated. The evaluated configurations for FDD generally assume 8-layer downlink transmission, with 256QAM modulation, and a maximum coding rate of 0.9258. The difference among the evaluated configurations lays in the overhead of control and reference signals, etc. The evaluation results are provided in Table 5.1.1.1-1. The detailed assumptions are provided in Annex B.x.1.1.
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
	80 MHz
	90
MHz
	100 MHz
	Req.

	FR1
	15
	40.8~42.8
	44.5~45.5
	45.1~46.5
	45.4~47.0
	45.5~
47.2
	45.7~47.4
	46.2~48.2
	46.2~48.3
	-
	-
	-
	-
	30

	
	30
	32.1~37.7
	39.4~41.1
	43.0~44.2
	43.7~44.8
	44.5~
45.9
	44.5~46.1
	45.4~47.1
	45.5~47.4
	46.2~48.2
	46.4~48.5
	48.5~
48.7
	46.7~48.9
	30

	
	60
	-
	32.4~37.7
	38.4~41.1
	39.6~41.3
	41.8~
43.1
	43.2~44.3
	43.7~44.9
	44.5~46.0
	45.1~46.8
	45.8~47.7
	47.6~
47.8
	46.2~48.2
	30


For NR TDD, DL peak spectral efficiency for both FR1 and FR2 for 24.25 GHz – 52.6 GHz are evaluated. 
For NR TDD in FR1, the evaluated configurations generally assume 8-layer downlink transmission, with 256QAM modulation, and a maximum coding rate of 0.9258. The DL/UL configurations of DDDSU (with ‘S’ slot = 11DL:1GP:2UL) and DSUUD (with ‘S’ slot = 6DL:2GP:6UL and 11DL:1GP:2UL respectively) are evaluated. 
The evaluation results of DDDSU for FR1 are provided in Table 5.1.1.1-2. In the evaluation, different control overhead assumptions are considered due to the different transmission schemes. The detailed assumptions are provided in Annex B.x.1.1.
Table 5.1.1.1-2 NR TDD DL peak spectral efficiency for FR1 (bit/s/Hz)
(Frame structure: DDDSU; DL=0.7643; with OH1 and OH2)
	SCS [kHz]
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	25 MHz
	30
MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90
MHz
	100 MHz
	Req.

	FR1
	15
	39.6~41.5
	43.6~44.5
	44.9~45.6
	45.6~46.1
	46.1~ 46.4
	46.3~46.6
	47.1~47.3
	47.2~47.4
	-
	-
	-
	-
	30

	
	30
	31.7~35.2
	38.4~40.3
	42.1~43.3
	43.1~44.0
	44.4~ 45.1
	44.6~45.3
	45.9~46.3
	46.3~46.6
	47.1~47.4
	47.5~47.7
	47.7~47.9
	47.9~48.1
	30

	
	60
	-
	31.8~35.3
	37.5~40.1
	38.7~40.5
	40.9~ 42.3
	42.3~43.5
	43.3~44.2
	44.5~45.3
	45.4~46.0
	46.4~46.9
	46.8~47.2
	47.1~47.4
	30


The evaluation results of DSUUD for the two S-slot configurations for FR1 are provided in Table 5.1.1.1-3. The detailed assumptions are provided in Annex B.x.1.1.
Table 5.1.1.1-3 NR TDD DL peak spectral efficiency for FR1 (bit/s/Hz)
(Frame structure: DSUUD)
(a) S slot = 11DL:1GP:2UL, DL=0.5643, with OH3
	SCS [kHz]
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	25 MHz
	30
MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90
MHz
	100 MHz
	Req.

	FR1
	15
	39.0
	43.1
	44.5
	45.2
	45.6
	45.9
	46.7
	46.8
	-
	-
	-
	-
	30

	
	30
	30.2
	38.0
	41.7
	42.7
	44.0
	44.3
	45.5
	45.9
	46.8
	47.1
	47.4
	47.6
	30

	
	60
	-
	30.9
	37.0
	38.3
	40.5
	42.0
	42.9
	44.2
	45.1
	46.1
	46.5
	46.8
	30



 (b) S slot = 6DL:2GP:6UL, DL=0.5, with OH4
	SCS [kHz]
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	25 MHz
	30
MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90
MHz
	100 MHz
	Req.

	FR1
	15
	39.1
	42.4
	43.5
	44.0
	44.4
	44.6
	45.3
	45.4
	-
	-
	-
	-
	30

	
	30
	33.1
	37.4
	40.7
	41.6
	42.7
	42.9
	44.0
	44.4
	45.2
	45.5
	45.7
	45.9
	30

	
	60
	-
	33.1
	36.4
	37.4
	39.4
	40.7
	41.6
	42.7
	43.5
	44.5
	44.8
	45.1
	30


For NR TDD in FR2, the DL/UL configurations of DDDSU (with ‘S’ slot = 11DL:1GP:2UL) and DSUUD (with ‘S’ slot = 6DL:2GP:6UL and 11DL:1GP:2UL respectively) are evaluated. For FR2 evaluation, the number of layers is assumed to be 6. This is because larger than 6-port DMRS is difficult due to the phase noise impact on FR2. Besides, the highest modulation order of 256QAM and the maximum coding rate of 0.9258 are assumed.
The evaluation results of DDDSU and DSUUD for FR2 are provided in Table 5.1.1.1-4 and Table 5.1.1.1-5, respectively. The detailed assumptions are provided in Annex B.x.1.1.
Table 5.1.1.1-4 NR TDD DL peak spectral efficiency for FR2 (bit/s/Hz)
(Frame structure: DDDSU, DL=0.7643, Number of layer = 6)
	SCS [kHz]
	50 MHz
	100 MHz
	200 MHz
	400 MHz
	Req.

	FR2
	60
	33.7
	34.5
	34.9
	-
	30

	
	120
	31.7
	34.0
	34.7
	35.0
	30



Table 5.1.1.1-5 NR TDD DL peak spectral efficiency for FR2 (bit/s/Hz)
 (Frame structure: DSUUD, S slot = 11DL:1GP:2UL, DL=0.5643, Number of layer = 6)
	SCS [kHz]
	50 MHz
	100 MHz
	200 MHz
	400 MHz
	Req.

	FR2
	60
	32.9
	33.8
	34.2
	-
	30

	
	120
	31.0
	33.5
	34.2
	34.6
	30


If phase noise does not exist for FR2, the 8- layer transmission can be supported for FR2. The evaluation of this capability together with DSUUD is provided in Table 5.1.1.1-6.
Table 5.1.1.1-6 NR TDD DL peak spectral efficiency for FR2 (bit/s/Hz)
 (Frame structure: DSUUD, S slot = 6DL:2GP:6UL, DL=0.5, Number of layer = 8)
	SCS [kHz]
	50 MHz
	100 MHz
	200 MHz
	400 MHz
	Req.

	FR2
	60
	41.9
	43.2
	43.8
	-
	30

	
	120
	38.0
	41.9
	43.2
	43.8
	30


Based on the above analysis, NR fulfils DL peak spectral efficiency requirement with a range of configurations.
5.1.1.2	UL peak spectral efficiency
A range of configurations are considered in the evaluation of uplink peak spectral efficiency. 
For NR FDD, UL peak spectral efficiency of FR1 is evaluated. The evaluated configurations for FDD generally assume 4-layer downlink transmission, with 256QAM modulation, and a maximum coding rate of 0.9258. The difference among the evaluated configurations lays in the overhead of control and reference signals, etc. The evaluation results are provided in Table 5.1.1.2-1. The detailed assumptions are provided in Annex B.x.1.2.
Table 5.1.1.2-1 NR FDD UL 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
	80 MHz
	90
MHz
	100 MHz
	Req.

	FR1
	15
	22.9~23.5
	23.8~24.5
	24.1~24.8
	24.3~25.0
	24.4~25.1
	24.4~
25.2
	24.7~25.5
	24.7~25.5
	0.0
	0.0
	0.0
	0.0
	15

	
	30
	20.1~20.7
	22.0~22.6
	23.2~23.9
	23.4~24.1
	23.8~24.6
	23.8~
24.6
	24.3~25.1
	24.4~25.2
	24.7~25.5
	24.8~25.7
	24.9~
25.3
	25.0~25.8
	15

	
	60
	0.0
	20.1~20.7
	22.0~22.6
	22.0~22.7
	22.7~23.4
	23.2~
23.9
	23.4~24.1
	23.8~24.6
	24.1~24.9
	24.5~25.3
	24.9~
25.0
	24.7~25.6
	15


For NR TDD, UL peak spectral efficiency for both FR1 and FR2 are evaluated. 
For NR TDD in FR1, the evaluated configurations generally assume 4-layer uplink transmission, with 256QAM modulation, and a maximum coding rate of 0.9258. The DL/UL configurations of DDDSU (with ‘S’ slot = 11DL:1GP:2UL) and DSUUD (with ‘S’ slot = 6DL:2GP:6UL and 11DL:1GP:2UL respectively) are evaluated. 
The evaluation results of DDDSU for FR1 are provided in Table 5.1.1.2-2. In the evaluation, different control overhead assumptions are considered due to the different transmission schemes. The detailed assumptions are provided in Annex B.x.1.2.
Table 5.1.1.2-2 NR TDD UL peak spectral efficiency for FR1 (bit/s/Hz)
(Frame structure: DDDSU, uL=0.2357, with OH1 and OH2)
	SCS [kHz]
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	25 MHz
	30
MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90
MHz
	100 MHz
	Req.

	FR1
	15
	20.6~21.6
	21.5~22.6
	21.8~22.9
	22.0~23.0
	22.0~23.1
	22.1~ 23.2
	22.4~23.5
	22.4~23.5
	-
	-
	-
	-
	15

	
	30
	18.2~19.1
	20.0~20.9
	21.1~22.1
	21.3~22.3
	21.7~22.8
	21.7~ 22.8
	22.2~23.2
	22.2~23.2
	22.6~23.7
	22.7~23.8
	22.8~ 23.9
	22.8~23.9
	15

	
	60
	-
	18.3~19.1
	20.0~21.0
	20.1~21.0
	20.8~21.8
	21.2~ 22.2
	21.4~22.4
	21.8~22.9
	22.1~23.2
	22.5~23.5
	22.6~ 23.7
	22.7~23.8
	15


The evaluation results of DSUUD for the two S-slot configurations for FR1 are provided in Table 5.1.1.2-3. The detailed assumptions for the two configurations are provided in Annex B.x.1.2.
Table 5.1.1.2-3 NR TDD UL peak spectral efficiency for FR1 (bit/s/Hz)
(Frame structure: DSUUD)
(a) S slot = 11DL:1GP:2UL, UL=0.4357, with OH3
	SCS [kHz]
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	25 MHz
	30
MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90
MHz
	100 MHz
	Req.

	FR1
	15
	22.1
	23.1
	23.4
	23.6
	23.7
	23.8
	24.0
	24.0
	-
	-
	-
	-
	15

	
	30
	19.4
	21.3
	22.5
	22.7
	23.1
	23.1
	23.6
	23.7
	24.1
	24.2
	24.3
	24.3
	15

	
	60
	-
	19.4
	21.3
	21.3
	22.0
	22.5
	22.7
	23.2
	23.4
	23.8
	24.0
	24.0
	15



(b) S slot = 6DL:2GP:6UL, UL=0.5, with OH4
	SCS [kHz]
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	25 MHz
	30
MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90
MHz
	100 MHz
	Req.

	FR1
	15
	21.7
	23.0
	23.4
	23.6
	23.7
	23.8
	24.1
	24.1
	-
	-
	-
	-
	15

	
	30
	18.3
	20.8
	22.2
	22.5
	23.0
	23.1
	23.6
	23.7
	24.2
	24.3
	24.4
	24.2
	15

	
	60
	-
	18.3
	20.6
	20.8
	21.7
	22.2
	22.5
	23.0
	23.8
	23.9
	24.1
	23.8
	15


For NR TDD in FR2, the evaluated configurations generally assume 4-layer uplink transmission, with 256QAM modulation, and a maximum coding rate of 0.9258. The DL/UL configurations of DDDSU (with ‘S’ slot = 11DL:1GP:2UL) and DSUUD (with ‘S’ slot = 6DL:2GP:6UL and 11DL:1GP:2UL respectively) are evaluated. 
The evaluation results of DDDSU and DSUUD for FR2 are provided in Table 5.1.1.2-4 and Table 5.1.1.2-5, respectively. The detailed assumptions are provided in Annex B.x.1.2
Table 5.1.1.2-4 NR TDD UL peak spectral efficiency for FR2 (bit/s/Hz)
(Frame structure: DDDSU, uL=0.2357)
	SCS [kHz]
	50 MHz
	100 MHz
	200 MHz
	400 MHz
	Req.

	FR2
	60
	20.9
	21.0
	21.0
	-
	15

	
	120
	20.4
	21.1
	21.2
	21.2
	15


Table 5.1.1.2-5 NR TDD UL peak spectral efficiency for FR2 (bit/s/Hz)
(Frame structure: DSUUD)
(a) S slot = 11DL:1GP:2UL, uL=0.4357
	SCS [kHz]
	50 MHz
	100 MHz
	200 MHz
	400 MHz
	Req.

	FR2
	60
	21.8
	21.9
	21.9
	-
	15

	
	120
	21.3
	22.0
	22.1
	22.1
	15


(b) S slot = 6DL:2GP:6UL, UL=0.5
	SCS [kHz]
	50 MHz
	100 MHz
	200 MHz
	400 MHz
	Req.

	FR2
	60
	23.0
	23.1
	23.2
	-
	15

	
	120
	22.0
	23.0
	23.1
	23.2
	15


Based on the above analysis, NR fulfils UL peak spectral efficiency requirement with a range of configurations.
5.1.2	LTE
5.1.2.1	DL peak spectral efficiency
For LTE FDD, the evaluation assumes 8-layer downlink transmission, with 256QAM and 1024QAM modulation, and a maximum coding rate of 0.93. The evaluation results for FDD are provided in Table 5.1.2.1-1. Note that the peak spectrum efficiency of LTE is evaluated by selecting the largest TBS as defined in TS36.211 matching the supportable coding rate as high as possible and the overhead with the assumed composition of MBSFN and non-MBSFN subframes. The detailed assumptions are provided in Annex B.x.2.1.
Table 5.1.2.1-1 LTE FDD DL peak spectral efficiency (bit/s/Hz)
	Modulation order 
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	Req.

	FR1
	256QAM
	37.56
	37.55
	36.72
	37.55
	30

	
	1024QAM
	46.38
	45.96
	47.15
	47.11
	30


For LTE TDD, the DL/UL configurations of DSUDD (with Special subframe = 11DL:1GP:2UL) and DSUUD (with Special subframe 11DL:1GP:2UL) are evaluated. The evaluation assumes 8-layer downlink transmission, with 256QAM and 1024QAM modulation, and a maximum coding rate of 0.93. The evaluation results are provided in Table 5.1.2.1-2 and Table 5.1.2.1-3, respectively.
Table 5.1.2.1-2 LTE TDD DL peak spectral efficiency (bit/s/Hz) 
(Frame structure: DSUDD, Special subframe = 11DL:1GP:2UL, DL=0.7643)
	Modulation order 
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	Req.

	FR1
	256QAM
	36.9
	36.52
	36.51
	36.69
	30

	
	1024QAM
	45.9
	45.84
	46.36
	46.47
	30


Table 5.1.2.1-3 LTE TDD DL peak spectral efficiency (bit/s/Hz) 
 (Frame structure: DSUUD, Special subframe = 11DL:1GP:2UL, DL =0.5643)
	Modulation order 
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	Req.

	FR1
	256QAM
	33.17
	33.78
	33.98
	34.09
	30


Based on the above analysis, LTE fulfils DL peak spectral efficiency requirement.
5.1.2.2	UL peak spectral efficiency
For LTE FDD, the evaluation assumes 4-layer uplink transmission, with 256QAM modulation, and a maximum coding rate of 0.93. The evaluation results for FDD are provided in Table 5.1.2.2-1. The detailed assumptions are provided in Annex B.x.2.2.
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
	18.04
	18.77
	18.97
	19.58
	15


For LTE TDD, the DL/UL configurations of DSUDD (with Special subframe = 11DL:1GP:2UL) and DSUUD (with Special subframe 11DL:1GP:2UL) are evaluated. The evaluation assumes 4-layer downlink transmission, with 256QAM modulation, and a maximum coding rate of 0.93. The evaluation results are provided in Table 5.1.2.2-2 and Table 5.1.2.2-3, respectively.
Table 5.1.2.2-2 LTE TDD UL peak spectral efficiency (bit/s/Hz)
(Frame structure: DSUDD, Special subframe = 11DL:1GP:2UL,UL=0.2357)
	Modulation order 
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	Req.

	FR1
	256QAM
	15.89
	16.42
	16.6
	17.13
	15


Table 5.1.2.2-2 LTE TDD UL peak spectral efficiency (bit/s/Hz)
(Frame structure: DSUUD, Special subframe = 11DL:1GP:2UL, UL=0.4357)
	Modulation order 
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	Req.

	FR1
	256QAM
	17.92
	18.86
	19.17
	19.32
	15


Based on the above analysis, LTE fulfils UL peak spectral efficiency requirement.
[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
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.


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.



5.2.2	LTE
5.2.2.1	DL peak data rate
DL peak data rate for LTE is evaluated based on the evaluation results of LTE peak spectral efficiency provided in Section 5.1.2.1. Table 5.2.2.1-1 provides the evaluation results for 20 MHz CC bandwidth. It is observed that LTE fulfils the DL peak data rate requirement.
Table 5.2.2.1-1 LTE DL peak data rate
	Duplexing
	Per CC BW (MHz)
	Peak data rate per CC (Gbit/s)
	Aggregated peak data rate over 32 CCs (Gbit/s)
	Req. (Gbit/s)

	FDD
	20
	0.751
	24.0
	20


5.2.2.2	UL peak data rate
UL peak data rate for LTE is evaluated based on the evaluation results of LTE peak spectral efficiency provided in Section 5.1.2.2. Table 5.2.2.2-1 provides the evaluation results for 20 MHz CC bandwidth. It is observed that LTE fulfils the UL peak data rate requirement.
Table 5.2.2.2-1 LTE UL peak data rate
	Duplexing
	Per CC BW (MHz)
	Peak data rate per CC (Gbit/s)
	Aggregated peak data rate over 32 CCs (Gbit/s)
	Req. (Gbit/s)

	FDD
	20
	0.392
	12.54
	10





[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

	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.


The overhead assumption used in the NR DL evaluation is shown in Table B.x.1.1-2.
Table B.x.1.1-2 Overhead assumption for NR DL evaluation
	
	Applied duplexing
	FR1
	FR2

	OH1 
	FDD, TDD (DDDSU)
	· PDCCH: CORESET of 24 PRBs (4 CCE) in every slot 
· 12 RE/PRB/slot
· TRS burst of 2 slots with periodicity of 20ms and occupies 52 PRBs
· 12 RE/PRB/20 ms
· DMRS: Type 2, 16 RE/PRB/slot for 8 layers
· CSI-RS: 8 CSI-RS ports with periodicity of 20ms
· 8 RE/PRB/20 ms
· 1 SS/PBCH blocks (SSB) per 20ms; one SSB occupies 960REs = 4 OFDM symbols × 20 PRB × 12 REs/PRB 
NOTE1: if the channel bandwidth is less than the bandwidth of SSB, then SSB is not transmitted and the overhead of SS/PBCH block is zero.
NOTE2: If the channel bandwidth is less than TRS bandwidth, the TRS bandwidth is assumed to be equal to the channel bandwidth.
	· PDCCH: CORESET of 24 PRBs (4 CCE) in every slot
· 12 RE/PRB/slot
· TRS burst of 2 slots with periodicity of 10ms and occupies 52 PRBs
· 12 RE/PRB/slot
· DMRS: Type 2, 12 RE/PRB/slot for 6 layers 
· CSI-RS: 8 CSI-RS ports with periodicity of 10ms 
· 8 RE/PRB/10 ms
· 8 SSB per 20ms; one SSB occupies 960REs = 4 OFDM symbols × 20 PRB × 12 REs/PRB
· PTRS: 1 port, frequency density is 4 PRB, and time domain density is 1 symbol
· CSI-RS for BM: 1 CSI-RS port with periodicity of 10ms
· 2 RE/PRB/10ms
NOTE: If the channel bandwidth is less than TRS bandwidth, the TRS bandwidth is assumed to be equal to the channel bandwidth.

	OH2
	FDD, TDD (DDDSU)
	· PDCCH: 2 CEE
· 144 RE/slot
· TRS burst of 2 slots with periodicity of 80ms and occupies 52 PRBs
· 12 RE/PRB/80 ms
· DMRS: Type 2, 16 RE/PRB/slot
· CSI-RS: 8 CSI-RS ports with periodicity of 20ms
· 8 RE/PRB/20 ms
· CSI-IM: 4 CSI-RS ports with periodicity of 20ms
· 4 RE/PRB/20 ms
· 1 SSB
960 RE/20 ms
	-

	OH3
	FDD, TDD (DSUUD, S slot = 11DL:1GP:2UL)
	· PDCCH: 4 CCE in every slot 
· TRS: 52 PRB wide, occurs every 80 ms 
· DMRS: Type 2, 16 RE/PRB/slot
· CSI-RS: 8 CSI-RS ports with 1 RE/RB/port, with periodicity of 20ms 
· CSI-IM: 4 RE/PRB, with periodicity of 20ms 
· 1 SSB per 20ms
	· PDCCH: 4 CCE in every slot 
· TRS: 52 PRB wide, occurs every 10 ms 
· DMRS: Type 2, 12 RE/PRB/slot
· CSI-RS: 8 CSI-RS ports with 1 RE/RB/port, with periodicity of 2.5ms 
· CSI-IM: 4 RE/PRB, with periodicity of 2.5ms 
·  8 SSB per 20ms
· PTRS: 1 port, frequency density is 4     PRB, and time domain density is 1   symbol

	OH4 
	FDD, TDD (DSUUD, S slot = 6DL:2GP:6UL)
	Overhead is adapted to 0.14 to match the capability of TS38.306 
For FDD: 
· PDCCH: 4 CCE + 1 symbol per slot 
· 12*24 RE/slot
· TRS
· 2x4 RE/PRB/20 slots
· DMRS: 2 symbol Type 2 FL DMRS with RS on 2 combs
· 16 RE/PRB/slot
· CSI-RS: 8-port CSI-RS resources 
· 8 RE/PRB/10 slots
· 1 SSB
· 960 RE/20 slots
For TDD: 
· PDCCH: 2 CCE + 1 symbol per slot 
· 12*12 RE/slot
· TRS
· 2x4 RE/PRB/40 slots
· DMRS: 2 symbol Type 2 FL DMRS with RS on 2 combs
· 16 RE/PRB/slot
· CSI-RS: 8-port CSI-RS resources 
· 8 RE/PRB/20 slots
· 1 SSB
· 960 RE/20 slots
	Overhead is adapted to 0.18 to match the capability of TS38.306 
· PDCCH: 4 CCE + 1 symbol per slot 
· 12*24 RE/slot
· TRS
· 8 RE/PRB/16 slots
· DMRS: 2 symbol Type 2 FL DMRS with RS on 2 combs
· 16 RE/PRB/slot
· CSI-RS: 8-port CSI-RS resources
· 8 RE/PRB/16 slots
· 8 SSB
· 8x960 RE/PRB/80 slots



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

	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.


The overhead assumption used in the NR UL evaluation is shown in Table B.x.1.1-2.
Table B.x.1.2-2 Overhead assumption for NR UL evaluation
	
	Applied duplexing
		FR1
	FR2

	OH1 
	FDD, TDD (DDDSU)
	· PUCCH: short PUCCH with 1 PRB and 1 symbol in every UL slot;  12 RE/slot
· DMRS: Type I, one complete symbol; 12 RE/PRB/slot 
· SRS: 1 symbol with periodicity of 10ms for FDD; 1 symbol with periodicity of 20ms for TDD
	· PUCCH: short PUCCH with 1 PRB and 1 symbol in every UL slot;  12 RE/slot
· DMRS: Type I, one complete symbol; 12 RE/PRB/slot 
· SRS: 1 symbol with periodicity of 5ms
· PTRS: 2 ports PTRS, frequency density is 4 PRB, and time domain density is 1 symbol

	OH2
	FDD, TDD (DDDSU)
	· PUCCH: short PUCCH with 1 PRB and 1 symbol in every UL slot;  12 RE/slot
· DMRS: Type II, 8 RE/PRB/slot 
· SRS: 1 symbol with periodicity of 20ms
	-

	OH3
	FDD, TDD (DSUUD, S slot = 11DL:1GP:2UL)
	· PUCCH: short PUCCH with 1 PRB over 1 symbol in every slot; 
· DMRS: Type II, 8 RE/PRB/slot for slot carrying SRS; otherwise 12 RE/PRB/slot.
· SRS: Resources ensuring the whole bandwidth measured within 20ms
	· PUCCH: short PUCCH with 1 PRB over 1 symbol in every slot; 
· DMRS: Type I, 12 RE/PRB/slot 
· SRS: Resources ensuring the whole bandwidth measured within 2.5ms
· PTRS: 2 ports, frequency density is 4 RB, and time domain density is 1 symbol

	OH4 
	FDD, TDD (DSUUD, S slot = 6DL:2GP:6UL)
	Overhead is adapted to 0.08 to match the capability of TS38.306.
For FDD:
· PUCCH: short PUCCH with 2 symbols and 8 PRBs; 
· 192 RE per slot
· DMRS: 1 symbol Type 2 FL DMRS in each slot with RS on 2 combs; 
· 8 RE/PRB/slot
· SRS 
· 12 RE/PRB/5 slots
For TDD:
· PUCCH: short PUCCH with 2 symbols and 8 PRBs; 
· 192 RE/2 slots
· DMRS: 1 symbol Type 2 FL DMRS in each slot with RS on 2 combs; 
· 8 RE/PRB/slot
· SRS 
· 12 RE/PRB/10 slots
	[bookmark: _GoBack]Overhead is adapted to 0.1 to match the capability of TS38.306.
· PUCCH: short PUCCH with 2 symbols and 8 PRBs; 
· 192 RE/2 slots
· DMRS: 1 symbol Type 2 FL DMRS in each slot with RS on 2 combs; 
· 8 RE/PRB/slot
· SRS 
· 12 RE/PRB/5 slots


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.


The overhead assumption used in the LTE DL evaluation is shown in Table B.x.2.1-1.
Table B.x.2.1-2 Overhead assumption for LTE DL evaluation
	
	Applied duplexing
			FR1	

	OH1 
	FDD, TDD
	· PBCH: 240 RE per 10ms (not include CRS)
· PSS/SSS: 288 RE per 10ms
· PDCCH: 1 complete symbols
· CRS: 1 port for non-MBSFN; 6 RE/PRB; 0 port for MBSFN.
· DMRS: 8ports, 24RE per PRB
· MBSFN: 6 subframes for MBSFN for FDD; 4 subframes for MBSFN for TDD.



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.


The overhead assumption used in the LTE UL evaluation is shown in Table B.x.2.1-2.
Table B.x.2.1-2 Overhead assumption for LTE UL evaluation
	
	Applied duplexing
			FR1	

	OH1 
	FDD, TDD
	· PUCCH: 2 PRBs and 14 symbols
· DMRS: 2 complete symbols
· SRS: 1 symbol per 10ms
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