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Introduction
In this contribution, the evaluation results for eMBB spectral efficiency (average and the 5th percentile user spectral efficiency) for NR and LTE are provided.
[bookmark: _Ref129681832]Test environments for eMBB spectral efficiency
According to Report ITU-R M.2410, average spectral efficiency and 5th percentile user spectral efficiency are used to evaluate the achievement for three times spectral efficiency improvement in ITU-R vision (see Recommendation ITU-R M.2083). The eMBB test environments and their related evaluation configurations are employed in Report ITU-R M.2412 to test the fulfillment of the spectral efficiency requirements. In this contribution, a subset of the eMBB test environments and the related evaluation configurations as given in Table 1 is considered for spectral efficiency evaluation.
TABLE 1 Evaluation configuration for spectral efficiency evaluation
	Test env. 
	Evaluation configuration 
	Carrier frequency
	ISD
	Remark

	Indoor Hotspot – eMBB 
	Config. A
	4 GHz
	20 m
	

	Dense Urban – eMBB 
	Config. A
	4 GHz 
	200 m
	Macro layer only

	Rural - eMBB 
	Config. A
	700 MHz
	1732 m
	

	
	Config. B
	4 GHz
	1732 m
	

	
	Config. C (LMLC)
	700 MHz
	6000 m
	



Evaluated technical features
The IMT-2020 eMBB spectral efficiency requirement is three times higher compared to IMT-Advanced. Therefore, it is a challenging requirement and the NR features that could contribute to the improvement of spectral efficiency should be selected. 
On the other hand, it is recalled that for LTE-Advanced evaluation towards IMT-Advanced submission, the evaluation is basically applied based on duplexing schemes, i.e., to FDD and TDD, respectively. This is due to the fact that, duplexing scheme is one of the fundamental features among the other features that impact spectral efficiency performance. 
Duplexing scheme
In NR design, the flexible duplexing scheme is available, e.g., 
· Different transmission directions in either part of a paired spectrum, 
· TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing.
In this document, the following duplexing schemes are considered
· FDD (for paired spectrum): NR features that can be applied to FDD operation are invoked.
· TDD (for unpaired spectrum): NR features that can be applied to TDD operation are invoked.
Spectral efficiency calculation for duplexing scheme
The spectral efficiency of different duplexing schemes can be calculated according to Report ITU-R M.2412. 
For DL average spectral efficiency and 5th percentile spectral efficiency,
· In case of FDD, the simulation bandwidth is 10 MHz for DL and 10 MHz for UL. The DL average spectral efficiency is given by 

									(1)
where W is the DL bandwidth of 10 MHz; Ri (T) denotes the number of correctly received bits of user i, and the overhead of DL control and DL reference signals on the DL bandwidth of 10 MHz is taken into account when deriving Ri (T); and T is the simulation time. Similar notations are applied to 5th percentile user spectral efficiency.
· For TDD, the simulation bandwidth is 20 MHz for DL and UL. The DL average spectral efficiency is given by (1), where W is the effective DL bandwidth that accounts for the time-frequency resource used for DL transmission (including GP symbols); Ri (T) denotes the number of correctly received bits of user i, and the overhead of DL control, DL reference signal on the DL effective bandwidth is taken into account; and T is the simulation time. Similar notations are applied to 5th percentile user spectral efficiency.
For UL average spectral efficiency and 5th percentile spectral efficiency, similar way is employed to derive the evaluation results for these two metrics.
Evaluation results
Based on the above discussion, evaluation results for average spectral efficiency and 5th percentile spectral efficiency is evaluated. The evaluation is applied to both NR and LTE. The detailed evaluation assumptions can be found in Appendix.
NR spectral efficiency evaluation results
The detailed evaluation assumptions for NR DL and UL spectral efficiency evaluation can be found in Appendix A.
DL spectral efficiency evaluation results
The DL spectral efficiency evaluation results for NR are given in Table 2 to Table 6. 
TABLE 2 FDD DL spectral efficiency evaluation for different system bandwidth in FR1 
(Channel model A)
	Test env.
	Evaluation config.
	Average spectral efficiency 
(bit/s/Hz/TRxP)
	5th percentile spectral efficiency
(bit/s/Hz)

	
	
	BW=10 
MHz
	BW=20 
MHz
	BW=50 
MHz
	Req.
	BW=10 
MHz
	BW=20 MHz
	BW=50 MHz
	Req.

	Indoor Hotspot 
	Config. A 
(4 GHz);
32T4R
	11.287
	11.504 
	11.947 
	9
	0.356
	0.363 
	0.377 
	0.3

	Dense Urban 
	Config. A 
(4 GHz);
32T4R
	11.45
	11.670 
	12.119 
	7.8
	0.376
	0.383 
	0.398 
	0.225

	Rural 
	Config. A
(700 MHz);
8T2R
	6.594
	6.721 
	6.979 
	3.3
	0.138
	0.141 
	0.146 
	0.12

	
	Config. B
(4 GHz);
32T4R
	13.6
	13.862 
	14.395 
	3.3
	0.354
	0.361 
	0.375 
	0.12

	
	Config. C
(700 MHz);
8T4R
	7.597
	7.743 
	8.041 
	3.3
	0.18
	0.183 
	0.191 
	0.12



TABLE 3 FDD DL spectral efficiency evaluation for different system bandwidth in FR1 
(Channel model B)
	Test env.
	Evaluation config.
	Average spectral efficiency 
(bit/s/Hz/TRxP)
	5th percentile spectral efficiency
(bit/s/Hz)

	
	
	BW=10 
MHz
	BW=20 
MHz
	BW=50 
MHz
	Req.
	BW=10 
MHz
	BW=20 MHz
	BW=50 MHz
	Req.

	Indoor Hotspot 
	Config. A 
(4 GHz);
32T4R
	11.307
	11.524 
	11.968 
	9
	0.344
	0.351 
	0.364 
	0.3

	Dense Urban 
	Config. A 
(4 GHz);
32T4R
	11.417
	11.637 
	12.084 
	7.8
	0.379
	0.386 
	0.401 
	0.225

	Rural 
	Config. A
(700 MHz);
8T2R
	6.537
	6.663 
	6.919 
	3.3
	0.13
	0.133 
	0.138 
	0.12

	
	Config. B
(4 GHz);
32T4R
	13.533
	13.793 
	14.324 
	3.3
	0.345
	0.352 
	0.365 
	0.12

	
	Config. C
(700 MHz);
8T4R
	7.607
	7.753 
	8.051 
	3.3
	0.183
	0.187 
	0.194 
	0.12


TABLE 4 TDD DL spectral efficiency evaluation for different system bandwidth in FR1 
(Channel model A)
	Test env.
	Evaluation config.
	Average spectral efficiency 
(bit/s/Hz/TRxP)
	5th percentile spectral efficiency
(bit/s/Hz)

	
	
	BW=20 
MHz
	BW=40 
MHz
	BW=100 MHz
	Req.
	BW=20 
MHz
	BW=40 MHz
	BW=100 MHz
	Req.

	Indoor Hotspot 
	Config. A 
(4 GHz);
32T4R
	12.275
	12.756 
	13.657 
	9
	0.362
	0.376 
	0.403 
	0.3

	Dense Urban 
	Config. A 
(4 GHz);
32T4R
	12.399
	12.885 
	13.795 
	7.8
	0.344
	0.357 
	0.383 
	0.225

	
	Config. A 
(4 GHz);
64T4R
	15.8
	16.420 
	17.579 
	7.8
	0.485
	0.504 
	0.540 
	0.225

	Rural 
	Config. A
(700 MHz);
8T2R
	7.013
	7.288 
	7.802 
	3.3
	0.144
	0.150 
	0.160 
	0.12

	
	Config. B
(4 GHz);
32T4R
	14.57
	15.141 
	16.210 
	3.3
	0.327
	0.340 
	0.364 
	0.12

	
	Config. C
(700 MHz);
8T4R
	7.166
	7.447 
	7.973 
	3.3
	0.137
	0.142 
	0.152 
	0.12


TABLE 5 TDD DL spectral efficiency evaluation for different system bandwidth in FR1 
(Channel model B)
	Test env.
	Evaluation config.
	Average spectral efficiency 
(bit/s/Hz/TRxP)
	5th percentile spectral efficiency
(bit/s/Hz)

	
	
	BW=20 
MHz
	BW=40 
MHz
	BW=100 MHz
	Req.
	BW=20 
MHz
	BW=40 MHz
	BW=100 MHz
	Req.

	Indoor Hotspot 
	Config. A 
(4 GHz);
32T4R
	12.291
	12.773 
	13.675 
	9
	0.366
	0.380 
	0.407 
	0.3

	Dense Urban 
	Config. A 
(4 GHz);
32T4R
	12.203
	12.682 
	13.577 
	7.8
	0.353
	0.367 
	0.393 
	0.225

	
	Config. A 
(4 GHz);
64T4R
	15.542
	16.151 
	17.292 
	7.8
	0.475
	0.494 
	0.528 
	0.225

	Rural 
	Config. A
(700 MHz);
8T2R
	6.95
	7.223 
	7.732 
	3.3
	0.145
	0.151 
	0.161 
	0.12

	
	Config. B
(4 GHz);
32T4R
	14.473
	15.041 
	16.102 
	3.3
	0.322
	0.335 
	0.358 
	0.12

	
	Config. C
(700 MHz);
8T4R
	7.174
	7.455 
	7.982 
	3.3
	0.136
	0.141 
	0.151 
	0.12


TABLE 6 TDD DL spectral efficiency evaluation for FR2 
	Test env.
	Evaluation config.
	Average spectral efficiency 
(bit/s/Hz/TRxP)
	5th percentile spectral efficiency
(bit/s/Hz)

	
	
	BW=80 
MHz
	BW=100 
MHz
	BW=200 MHz
	Req.
	BW=20 
MHz
	BW=100 MHz
	BW=200 MHz
	Req.

	Indoor Hotspot 
	Config. B 
(30 GHz);
32T8R
	11.384
	11.449
	11.514
	9
	0.302
	0.304
	0.305
	0.3



Observation 1: NR with sub 6 GHz can fulfill DL spectral efficiency requirements in all test environments, including Rural – eMBB configuration C (LMLC).
Observation 2: NR with above 6 GHz can fulfill DL spectral efficiency requirements in Indoor Hotspot –  eMBB test environment with configuration B.
UL spectral efficiency evaluation results
The UL spectral efficiency evaluation results for NR are given in Tables 7 to Table 11. 
TABLE 7 FDD UL spectral efficiency evaluation in FR1 
(Channel model A)
	Test env.
	Evaluation config.
	Average spectral efficiency 
(bit/s/Hz/TRxP)
	5th percentile spectral efficiency
(bit/s/Hz)

	
	
	BW=10 
MHz
	BW=20 MHz
	BW=40 
MHz
	Req.
	BW=10 MHz
	BW=20 
MHz
	BW=40 MHz
	Req.

	Indoor Hotspot 
	Config. A 
(4 GHz)
2T32R
	8.608
	8.774 
	9.111 
	6.75
	0.54
	0.550 
	0.572 
	0.21

	Dense Urban 
	Config. A 
(4 GHz)
2T16R
	6.599
	6.726 
	6.985 
	5.4
	0.248
	0.253 
	0.262 
	0.15

	
	Config. A 
(4 GHz)
2T32R
	7.91
	8.062 
	8.372 
	5.4
	0.378
	0.385 
	0.400 
	0.15

	Rural 
	Config. A
(700 MHz);
1T8R)
	4.17
	4.250 
	4.414 
	1.6
	0.134
	0.137 
	0.142 
	0.045

	
	Config. B
(4 GHz);
1T32R
	4.253
	4.335 
	4.502 
	1.6
	0.163
	0.166 
	0.173 
	0.045

	
	Config. C
(700 MHz);
2T8R
	4.038
	4.116 
	4.274 
	1.6
	0.081
	0.083 
	0.086 
	0.045


TABLE 8 FDD UL spectral efficiency evaluation in FR1 
(Channel model B)
	Test env.
	Evaluation config.
	Average spectral efficiency 
(bit/s/Hz/TRxP)
	5th percentile spectral efficiency
(bit/s/Hz)

	
	
	BW=10 
MHz
	BW=20 MHz
	BW=40 
MHz
	Req.
	BW=10 MHz
	BW=20 
MHz
	BW=40 MHz
	Req.

	Indoor Hotspot 
	Config. A 
(4 GHz);
2T32R
	8.643
	8.809 
	9.148 
	6.75
	0.537
	0.547 
	0.568 
	0.21

	Dense Urban 
	Config. A 
(4 GHz)
2T16R
	6.499
	6.624 
	6.879 
	5.4
	0.213
	0.217 
	0.225 
	0.15

	
	Config. A 
(4 GHz);
2T32R
	7.874
	8.025 
	8.334 
	5.4
	0.315
	0.321 
	0.333 
	0.15

	Rural 
	Config. A
(700 MHz);
1T8R
	4.184
	4.264 
	4.428 
	1.6
	0.125
	0.127 
	0.132 
	0.045

	
	Config. B
(4 GHz);
1T32R
	4.161
	4.241 
	4.404 
	1.6
	0.142
	0.145 
	0.150 
	0.045

	
	Config. C
(700 MHz);
2T8R
	3.999
	4.076 
	4.233 
	1.6
	0.073
	0.074 
	0.077 
	0.045



TABLE 9 TDD UL spectral efficiency evaluation in FR1 
(Channel model A)
	Test env.
	Evaluation Config.
	Average spectral efficiency 
(bit/s/Hz/TRxP)
	5th percentile spectral efficiency
(bit/s/Hz)

	
	
	BW=20 
MHz
	BW=40 
MHz
	BW=100 MHz
	Req.
	BW=20 
MHz
	BW=40 
MHz
	BW=100 MHz
	Req.

	Indoor Hotspot 
	Config. A 
(4 GHz);
2T32R
	7.551
	7.847 
	8.401 
	6.75
	0.42
	0.436 
	0.467 
	0.21

	Dense Urban
	Config. A 
(4 GHz);
2T32R
	6.662
	6.923 
	7.412 
	5.4
	0.3
	0.312 
	0.334 
	0.15

	
	Config. A 
(4 GHz);
2T64R
	7.633
	7.932 
	8.492 
	5.4
	0.386
	0.401 
	0.429 
	0.15

	Rural 
	Config. A
(700 MHz);
2T8R
	5.159
	5.361 
	5.740 
	1.6
	0.113
	0.117 
	0.126 
	0.045

	
	Config. B
(4 GHz);
1T32R
	3.457
	3.593 
	3.846 
	1.6
	0.123
	0.128 
	0.137 
	0.045

	
	Config. C
(700 MHz);
2T8R
	3.62
	3.762 
	4.028 
	1.6
	0.066
	0.069 
	0.073 
	0.045



TABLE 10 TDD UL spectral efficiency evaluation in FR1 
(Channel model B)
	Test env.
	Evaluation Config.
	Average spectral efficiency 
(bit/s/Hz/TRxP)
	5th percentile spectral efficiency
(bit/s/Hz)

	
	
	BW=20 
MHz
	BW=40 
MHz
	BW=100 MHz
	Req.
	BW=20 
MHz
	BW=40 
MHz
	BW=100 MHz
	Req.

	Indoor Hotspot 
	Config. A 
(4 GHz);
2T32R
	7.604
	7.902 
	8.460 
	6.75
	0.423
	0.440 
	0.471 
	0.21

	Dense Urban
	Config. A 
(4 GHz);
2T32R
	6.629
	6.889 
	7.375 
	5.4
	0.271
	0.282 
	0.302 
	0.15

	
	Config. A 
(4 GHz);
2T64R
	7.601
	7.899 
	8.457 
	5.4
	0.353
	0.367 
	0.393 
	0.15

	Rural 
	Config. A
(700 MHz);
2T8R
	5.171
	5.374 
	5.753 
	1.6
	0.107
	0.111 
	0.119 
	0.045

	
	Config. B
(4 GHz);
1T32R
	3.384
	3.517 
	3.765 
	1.6
	0.103
	0.107 
	0.115 
	0.045

	
	Config. C
(700 MHz);
2T8R
	3.593
	3.734 
	3.997 
	1.6
	0.059
	0.061 
	0.066 
	0.045


TABLE 11 TDD UL spectral efficiency evaluation for FR2
	Test env.
	Evaluation config.
	Average spectral efficiency 
(bit/s/Hz/TRxP)
	5th percentile spectral efficiency
(bit/s/Hz)

	
	
	BW=80 
MHz
	BW=100 
MHz
	BW=200 MHz
	Req.
	BW=20 
MHz
	BW=100 MHz
	BW=200 MHz
	Req.

	Indoor Hotspot 
	Config. B 
(30 GHz);
8T16R
	6.382
	6.418
	6.455
	6.75
	0.245
	0.246
	0.248
	0.21

	
	Config. B 
(30 GHz);
8T32R
	7.392
	7.434
	7.477
	6.75
	0.425
	0.427
	0.43
	0.21


Observation 3: NR with sub 6 GHz can fulfill UL spectral efficiency requirements in all test environments, including Rural – eMBB configuration C (LMLC).
Observation 4: NR with above 6 GHz can fulfill UL spectral efficiency requirements in Indoor Hotspot – eMBB test environment using 8TXU UEs.
LTE spectral efficiency evaluation results
The detailed evaluation assumptions for LTE DL and UL spectral efficiency evaluation can be found in Appendix B.
DL spectral efficiency evaluation results
The DL spectral efficiency evaluation results for LTE are given in Table 12 and Table 13. 
TABLE 12 FDD DL spectral efficiency evaluation for LTE 
(Channel model A)
	Test env.
	Evaluation config.
	Average spectral efficiency 
(bit/s/Hz/TRxP)
	5th percentile spectral efficiency (bit/s/Hz)

	
	
	BW=10 MHz
	Req.
	BW=10 MHz
	Req.

	Rural 
	Config. A (700 MHz);
8T2R
	4.644
	3.3
	0.12
	0.12

	
	Config. C (700 MHz);
8T4R
	5.964
	3.3
	0.148
	0.12



TABLE 13 FDD DL spectral efficiency evaluation for LTE 
(Channel model B)
	Test env.
	Evaluation config.
	Average spectral efficiency 
(bit/s/Hz/TRxP)
	5th percentile spectral efficiency (bit/s/Hz)

	
	
	BW=20 MHz
	Req.
	BW=20 MHz
	Req.

	Rural 
	Config. A (700 MHz);
8T2R
	4.628
	3.3
	0.12
	0.12

	
	Config. C (700 MHz);
8T4R
	5.968
	3.3
	0.149
	0.12


Observation 5: LTE can fulfill DL spectral efficiency requirements in Rural – eMBB test environment with configuration A and C.
UL spectral efficiency evaluation results
The UL spectral efficiency evaluation results for LTE are given in Table 14 and Table 15. 
TABLE 14 FDD UL spectral efficiency evaluation for LTE 
(Channel model A)
	Test env.
	Evaluation config.
	Average spectral efficiency 
(bit/s/Hz/TRxP)
	5th percentile spectral efficiency (bit/s/Hz)

	
	
	BW=10 MHz
	Req.
	BW=10 MHz
	Req.

	Rural 
	Config. A (700 MHz);
1T8R
	3.494
	1.6
	0.10
	0.045

	
	Config. C (700 MHz);
2T8R
	3.272
	1.6
	0.067
	0.045


TABLE 15 FDD UL spectral efficiency evaluation for LTE 
(Channel model B)
	Test env.
	Evaluation config.
	Average spectral efficiency 
(bit/s/Hz/TRxP)
	5th percentile spectral efficiency (bit/s/Hz)

	
	
	BW=20 
MHz
	Req.
	BW=20 
MHz
	Req.

	Rural 
	Config. A (700 MHz);
1T8R
	3.501
	1.6
	0.10
	0.045

	
	Config. C (700 MHz);
2T8R
	3.225
	1.6
	0.062
	0.045


Observation 6: LTE can fulfill UL spectral efficiency requirements in Rural – eMBB test environment with configuration A and C.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
In this document, the evaluation of eMBB spectral efficiency for NR operating on frequency range 1 (FR1, i.e. below 6 GHz) and frequency range 2 (FR2, i.e., above 6 GHz) is provided. In addition, the evaluation of eMBB spectral efficiency for LTE is provided. Based on the evaluation, the following observations are made.
Observation 1: NR with sub 6 GHz can fulfill DL spectral efficiency requirements in all test environments, including Rural – eMBB configuration C (LMLC).
Observation 2: NR with above 6 GHz can fulfill DL spectral efficiency requirements in Indoor Hotspot – eMBB test environment with configuration B.
Observation 3: NR with sub 6 GHz can fulfill UL spectral efficiency requirements in all test environments, including Rural – eMBB configuration C (LMLC).
Observation 4: NR with above 6 GHz can fulfill UL spectral efficiency requirements in Indoor Hotspot – eMBB test environment using 8TXU UEs.
Observation 5: LTE can fulfill DL spectral efficiency requirements in Rural – eMBB test environment with configuration A and C.
Observation 6: LTE can fulfill UL spectral efficiency requirements in Rural – eMBB test environment with configuration A and C.
[bookmark: _GoBack]Reference
[1] R1-1803386, “Summary of offline discussion for IMT-2020 self evaluation”, Huawei, February 2018.



Appendix A: Evaluation assumptions for NR
Table A-1 Evaluation assumptions for NR DL
	Parameter
	Value

	Test environment
	Indoor Hotspot – eMBB
	Dense Urban – eMBB
	Rural - eMBB

	Evaluation configuration
	Configuration A/B
	Configuration A
	Configuration A/B/C 

	Channel model
	InH_A/InH_B
	UMa_A/UMa_B
	RMa_A/RMa_B

	ISD
	20 m (12TRxP)
	200 m
	Configuration A/B: 1732 m 
Configuration C: 6000 m

	TDD frame structure
	DDDSU
	DDDSU
	DDDSU

	Carrier Frequency
	Configuration A: 4 GHz
Configuration B: 30 GHz
	4 GHz
	Configuration A: 700 MHz
Configuration B: 4 GHz
Configuration C: 700 MHz

	System bandwidth
	TDD:
Configuration A: 20MHz ;
Configuration B: 80MHz 
	TDD: 20MHz
	TDD: 20MHz

	
	FDD:10MHz
	FDD:10MHz
	FDD:10MHz

	Subcarrier spacing
	FDD: 15 kHz
TDD: 
Configuration A: 30kHz ;
Configuration B: 60kHz 
	FDD: 15 kHz
TDD: 30 kHz
	FDD: 15 kHz
TDD: 30 kHz

	Symbols number per slot
	14
	14
	14

	Number of antenna elements per TRxP
	Configuration A/B: 32Tx cross-polarized antennas
(M,N,P,Mg,Ng) = (4,4,2,1,1);
	For 32Tx: 128Tx cross-polarized antennas
(M,N,P,Mg,Ng) = (8,8,2,1,1)
For 64Tx: 192Tx cross-polarized antennas
(M,N,P,Mg,Ng) = (12,8,2,1,1)

	Configuration A/C: 64Tx cross-polarized antennas
(M,N,P,Mg,Ng) = (8,4,2,1,1);
Configuration B: 128Tx cross-polarized antennas
(M,N,P,Mg,Ng) = (8,8,2,1,1)

	Number of TXRU per TRxP
	Configuration A/B: 
32TXRU: Vertical 1-to-1
	32TXRU: Vertical 2-to-8
64TXRU: Vertical 4-to-12
	Configuration A/C: 8TXRU 
Vertical 2-to-8
Configuration B: 32TXRU  Vertical 2-to-8


	Number of antenna elements per UE
	Configuration A : 4Rx with 0°,90° polarization
Configuration B : 8Rx with 0°,90° polarization
(M,N,P,Mg,Ng; Mp,Np) =  (2,4,2,1,2; 1,2)
	4Rx or 2Rx with 0°,90° polarization
	Configuration A: 2Rx 
Configuration B/C: 4Rx
with 0°,90° polarization

	Transmit power per TRxP
	TDD: 
Configuration A: 24 dBm 
Configuration B: 23 dBm
	TDD: 44 dBm
	TDD: 49 dBm

	
	FDD: 21 dBm
	FDD: 41 dBm
	FDD: 46 dBm

	TRxP number per site
	1
	3
	3

	Mechanic tilt
	180deg in GCS (pointing to the ground)
	90deg in GCS (pointing to the horizontal direction)
	90deg in GCS (pointing to the horizontal direction)

	Electronic tilt
	Configuration A: 90deg in LCS
Configuration B: According to Zenith angle in "Beam set at TRxP"
	105deg in LCS
	Configuration A/B: 100deg in LCS 
Configuration C: 92deg in LCS 

	Beam set at TRxP
	Configuration B: 
Azimuth angle φi = [0],
Zenith angle θj = [pi/2]
	N/A
	N/A

	Beam set at UE
	Configuration B: 
Azimuth angle φi = [-pi/4, pi/4]; Zenith angle θj = [pi/4, 3*pi/4]
	N/A
	N/A

	UT attachment
	Based on RSRP (Eq. (8.1-1) in TR 36.873) from port 0
	Based on RSRP (Eq. (8.1-1) in TR 36.873) from port 0
	Based on RSRP (Eq. (8.1-1) in TR 36.873) from port 0

	Scheduling
	MU-PF
	MU-PF
	MU-PF

	ACK/NACK delay
	Next available UL slot
	Next available UL slot
	Next available UL slot

	MIMO mode
	MU-MIMO with rank 2/4 adaptation per user;
Configuration A: Maximum MU layer = 12;
Configuration B: Maximum MU layer = 6
	MU-MIMO with rank 2/4 adaptation per user
Maximum MU layer = 12
	MU-MIMO with rank 2/4 adaptation per user
Maximum MU layer = 8

	Guard band ratio
	TDD: 
Configuration A: 8.2% (for 20 MHz);
Configuration B: 5.5% (for 80 MHz);
	TDD: 8.2% (for 20 MHz)
	TDD: 8.2% (for 20 MHz)

	
	FDD: 6.4% (for 10 MHz)
	FDD: 6.4% (for 10 MHz)
	FDD: 6.4% (for 10 MHz)

	BS receiver type
	MMSE-IRC
	MMSE-IRC
	MMSE-IRC

	CSI feedback
	5 slots period based on CSI-RS with delay
	5 slots period based on CSI-RS with delay
	5 slots period based on CSI-RS with delay

	Precoder derivation
	TDD: SRS based
	TDD: SRS based
	TDD: SRS based

	
	FDD: NR Type II codebook (4 beams, WB+SB quantization, 8 PSK)
	FDD: NR Type II codebook (4 beams, WB+SB quantization, 8 PSK)
	FDD: NR Type II codebook (4 beams, WB+SB quantization, 8 PSK)

	Overhead
	PDCCH
	2 complete symbols
	2 complete symbols
	2 complete symbols

	
	DMRS
	Type II, based on MU-layer (dynamic in simulation)
	Type II, based on MU-layer (dynamic in simulation)
	Type II, based on MU-layer (dynamic in simulation)

	
	CSI-RS
	FDD: 32 ports per 5 slots
	FDD: 32 ports per 5 slots
	FDD: 8 ports per 5 slots

	
	
	TDD: 4 ports per UE per 5 slots
	TDD: 4 ports per UE per 5 slots
	TDD: 2/4 ports per UE per 5 slots for 2Rx/4Rx

	
	CSI-RS for IM
	ZP CSI-RS with 5 slots period; 4 RE/PRB/5 slots
	ZP CSI-RS with 5 slots period; 4 RE/PRB/5 slots
	ZP CSI-RS with 5 slots period; 4 RE/PRB/5 slots

	
	SSB
	1 SSB per 20 ms
	1 SSB per 20 ms
	1 SSB per 20 ms

	
	TRS
	2 consecutive slots per 20 ms, 1 port, maximal 52 PRBs
	2 consecutive slots per 20ms, 1 port, maximal 52 PRBs
	2 consecutive slots per 20 ms, 1 port, maximal 52 PRBs

	
	PTRS
	Configuration B: 
2 ports PT-RS, (L,K) = (1,4) 
L is time density and K is frequency density
	N/A
	N/A

	Channel estimation
	Non-ideal
	Non-ideal
	Non-ideal

	Waveform
	OFDM
	OFDM
	OFDM



Table A-2 Evaluation assumptions for NR UL
	Parameter
	Value

	Test environment
	Indoor Hotspot – eMBB
	Dense Urban – eMBB
	Rural - eMBB

	Evaluation configuration
	Configuration A/B
	Configuration A
	Configuration A/B/C

	Channel model
	InH_A/InH_B
	UMa_A/UMa_B
	RMa_A/RMa_B

	Subcarrier spacing
	FDD: 15 kHz
TDD: 
Configuration A: 30kHz ;
Configuration B: 60kHz
	FDD: 15 kHz
TDD: 30 kHz
	FDD: 15 kHz
TDD: 30 kHz

	TDD frame structure
	DDDSU
	DDDSU
	DDDSU

	Symbols number per slot
	14
	14
	14

	Number of antenna elements per TRxP
	Configuration A/B: 32Rx cross-polarized antenna (M,N,P,Mg,Ng) = (4,4,2,1,1);
Configuration B: 16Rx cross-polarized antenna (M,N,P,Mg,Ng) = (4,8,2,1,1);
	For 32Rx: 128Rx cross-polarized antenna
(M,N,P,Mg,Ng) = (8,8,2,1,1)
For 64Rx: 128Rx cross-polarized antenna
(M,N,P,Mg,Ng) = (12,8,2,1,1)
	Configuration A/C: 64Rx cross-polarized antenna
(M,N,P,Mg,Ng) = (8,4,2,1,1);
Configuration B: 128Rx cross-polarized antenna
(M,N,P,Mg,Ng) = (8,8,2,1,1)

	Number of TXRU per TRxP
	Configuration A/B: 32TXRU Vertical 1-to-1;
Configuration B: 16TXRU Vertical 2-to-4, Horizontal 4-to-8

	32TXRU: Vertical 2-to-8
64TXRU: Vertical 4-to-12
	Configuration A/C: 8TXRU   Vertical 1-to-8
Configuration B: 32TXRU   Vertical 1-to-4

	Number of antenna elements per UE
	Configuration A : 2Tx with 0°,90° polarization
Configuration B : 8Tx with 0°,90° polarization
(M,N,P,Mg,Ng; Mp,Np) =  (2,4,2,1,2; 1,2)
	2Tx with 0°,90° polarization
	Configuration A: 1Tx (FDD), 2Tx with 0°,90° polarization (TDD)
Configuration B: 1Tx
Configuration C: 2Tx with 0°,90° polarization

	UE power class
	23 dBm
	23 dBm
	23 dBm

	Mechanic tilt
	180deg in GCS (pointing to the ground)
	90deg in GCS (pointing to the horizontal direction)
	90deg in GCS (pointing to the horizontal direction)

	Electronic tilt
	Configuration A: 90deg in LCS
Configuration B: According to Zenith angle in "Beam set at TRxP"
	105deg in LCS
	Configuration A/B: 100deg in LCS 
Configuration C: 92deg in LCS

	Beam set at TRxP
	Configuration B:  For 32Rx, 
Azimuth angle φi = [0],
Zenith angle θj = [pi/2];
For 16Rx, Azimuth angle φi = [-pi/4,pi/4], Zenith angle θj = [pi/2];

	N/A
	N/A

	Beam set at UE
	Configuration B: 
Azimuth angle φi = [-pi/4, pi/4]; Zenith angle θj = [pi/4, 3*pi/4]
	N/A
	N/A

	UT attachment
	Based on RSRP (Eq. (8.1-1) in TR36.873) from port 0
	Based on RSRP (Eq. (8.1-1) in TR36.873) from port 0
	Based on RSRP (Eq. (8.1-1) in TR36.873) from port 0

	Scheduling
	MU-PF
	MU-PF
	SU-PF

	MIMO mode
	Configuration A: SU-MIMO with rank 2 adaptation; 
Configuration B: SU-MIMO with rank 4 adaptation;   
	SU-MIMO with rank 2 adaptation
	SIMO for 1Tx;
SU-MIMO with rank 2 adaptation for 2Tx

	BS receiver type
	MMSE-IRC
	MMSE-IRC
	MMSE-IRC

	UE precoder scheme
	Codebook based
	Codebook based
	Codebook based

	UL CSI derivation
	Non-precoded SRS based, with delay
	Non-precoded SRS based, with delay
	Non-precoded SRS based, with delay

	Power control
	 dBm
	 dBm
	Configuration A:  dBm;
Configuration B:  dBm;
Configuration C:  dBm

	Power backoff model
	Continuous RB allocation: follow TS 38.101 in Section 6.2.2;
Non-continuous RB allocation: additional 2 dB reduction
	Continuous RB allocation: follow TS 38.101 in Section 6.2.2;
Non-continuous RB allocation: additional 2 dB reduction
	Continuous RB allocation: follow TS 38.101 in Section 6.2.2;
Non-continuous RB allocation: additional 2 dB reduction

	Overhead
	PUCCH
	Configuration A: 2 RBs, 14 OFDM symbols;
Configuration B: 4 RBs, 14 OFDM symbols
	2 RBs, 14 OFDM symbols
	2 RBs, 14 OFDM symbols

	
	DMRS
	Type II, 2  symbols (including one additional DMRS symbol), multiplexing with PUSCH
	Type II, 2  symbols (including one additional DMRS symbol), multiplexing with PUSCH
	Type II, 2  symbols (including one additional DMRS symbol), multiplexing with PUSCH

	
	SRS
	2 symbols per 5 slots,
8 RBs per symbol
	2 symbols per 5 slots,
8 RBs per symbol
	2 symbols per 5 slots,
8 RBs per symbol

	
	PTRS
	Configuration B: 
2 ports PT-RS, (L,K) = (1,4) 
L is time density and K is frequency density
	N/A
	N/A

	Channel estimation
	Non-ideal
	Non-ideal
	Non-ideal

	Waveform
	OFDM
	OFDM
	OFDM





Appendix B: Evaluation assumptions for LTE
Table B-1 Evaluation assumptions for LTE DL
	Parameter
	Value

	Test environment
	Rural - eMBB

	Evaluation configuration
	Configuration A/C

	Channel model
	RMa_A/RMa_B

	ISD
	Configuration A: 1732 m 
Configuration C: 6000 m 

	frame structure
	Full downlink

	Carrier Frequency
	700 MHz

	System bandwidth
	FDD:10MHz

	Subcarrier spacing
	15 kHz

	Symbols number per slot
	14

	Number of antenna elements per TRxP
	64Tx cross-polarized antenna
(M,N,P,Mg,Ng) = (8,4,2,1,1);

	Number of TXRU per TRxP
	8TXRU Vertical 1-to-8

	Number of antenna elements per UE
	Configuration A: 2Rx with 0°,90° polarization
Configuration C: 4Rx with 0°,90° polarization 

	Transmit power per TRxP
	FDD: 46 dBm

	TRxP number per site
	3

	Mechanic tilt
	90deg in GCS (pointing to the horizontal direction)

	Electronic tilt
	Configuration A: 100deg in LCS 
Configuration C: 92deg in LCS 

	UT attachment
	Based on RSRP (Eq. (8.1-1) in TR 36.873) from port 0

	Scheduling
	MU-PF

	ACK/NACK delay
	N+4

	MIMO mode
	MU-MIMO with rank 2/4 adaptation per user;
Maximum MU layer = 8

	Guard band ratio
	10%

	BS receiver type
	MMSE-IRC

	CSI feedback
	5 slots period based on CSI-RS with delay

	Precoder derivation
	LTE advanced CSI codebook (2 beams, WB quantization,  QPSK)

	Overhead
	PDCCH
	2 complete symbols

	
	DMRS
	12 REs/PRB/TTI

	
	CSI-RS
	8 ports per 5 ms

	
	CRS
	2 ports

	
	PSS/SSS
	288 REs per 10 ms

	
	PBCH
	240 REs per 10 ms

	
	MBSFN
	6 MBSFN in 10 subframes

	Channel estimation
	Non-ideal

	Waveform
	OFDM



Table B-2 Evaluation assumptions for LTE UL
	Parameter
	Value

	Test environment
	Rural - eMBB

	Evaluation configuration
	Configuration A/C

	Channel model
	RMa_A/RMa_B

	Subcarrier spacing
	15 kHz

	Frame structure
	Full uplink

	Symbols number per slot
	14

	Number of antenna elements per TRxP
	Configuration A/C: 64Rx cross-polarized antenna
(M,N,P,Mg,Ng) = (8,4,2,1,1); 

	Number of TXRU per TRxP
	8TXRU   Vertical 1-to-8

	Number of antenna elements per UE
	Configuration A: 1Tx
Configuration C: 2Tx with 0°,90° polarization 

	UE power class
	23 dBm

	Mechanic tilt
	90deg in GCS (pointing to the horizontal direction)

	Electronic tilt
	Configuration A: 100deg in LCS 
Configuration C: 92deg in LCS 

	UT attachment
	Based on RSRP (Eq. (8.1-1) in TR36.873) from port 0

	Scheduling
	SU-PF

	MIMO mode
	SIMO for 1Tx;
SU-MIMO with rank 2 adaptation for 2Tx

	BS receiver type
	MMSE-IRC

	UE precoder scheme
	Codebook based

	UL CSI derivation
	Non-precoded SRS based, with delay

	Power control
	Configuration A:  dBm;
Configuration C:  dBm 

	Power backoff model
	Continuous RB allocation: follow TS 36.101 in Section 6.2.3;

	Overhead
	PUCCH
	2 RBs, 14 OFDM symbols

	
	DMRS
	2 complete symbols

	
	SRS
	1 symbols per 5 ms, 8 RBs per symbol

	Channel estimation
	Non-ideal

	Waveform
	DFT-S-OFDM
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