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Introduction
In this contribution, the initial evaluation results for eMBB spectral efficiency (average and the 5th percentile user spectral efficiency) 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 initial spectral efficiency evaluation.
TABLE 1 Evaluation configuration for initial 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
	1 732 m
	

	
	Config. C (LMLC)
	700 MHz
	6 000 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.
Guard band ratio for different bandwidth
To reflect the benefit of reduced guard band ratio for larger bandwidth, i.e. when the system bandwidth is larger than simulation bandwidth (10 MHz in FDD and 20 MHz in TDD), the spectral efficiency can be derived from Eq. (2) [1]

                                                       (2)




where  is the guard band ratio at given number of RB N and  is calculated by Eq. (1). For FDD,  for 10 MHz simulation bandwidth and 15 kHz subcarrier spacing. For TDD,  for 20 MHz simulation bandwidth and 30 kHz subcarrier spacing. The number of RB for larger bandwidth for FR1 is shown in Table 2.
TABLE 2 Maximum number of RBs per SCS and bandwidth
	SCS [kHz]
	10
MHz
	15
MHz
	30
MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	70
MHz
	80 MHz
	90
MHz
	100 MHz

	FR1
	15
	52
	79
	[160]
	106
	133
	216
	270
	-
	-
	-
	-
	-

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

	
	60
	11
	18
	[38]
	24
	31
	51
	65
	79
	[93]
	107
	[121]
	135



PDCCH overhead for larger bandwidth
For the overhead reduction in the case of larger bandwidth, more discussions are needed to derive the spectral efficiency, especially for PDCCH overhead reduction. One example calculation is given below. By assuming M0 OFDM symbols for PDCCH at the bandwidth BW0, the number of OFDM symbol for PDCCH at bandwidth BW could be
M= BW0/ BW×M0
For example, if we assume M0 = 2 for 20 MHz bandwidth system, then M=1 for 40 MHz bandwidth system. The value of M could be a non-integer since NR supports PDCCH sharing with PDSCH. According to [1], this can be considered for NR evaluation.
In this evaluation, the same overhead is assumed to be the same for different bandwidth in the same duplexing mode.   
Initial evaluation results
Based on the above discussion, initial evaluation results for average spectral efficiency and 5th percentile spectral efficiency is evaluated. Evaluation assumptions can be found in Appendix.
DL spectral efficiency evaluation results
The initial DL spectral efficiency evaluation results for NR are given in Table 3 and Table 4. 
TABLE 3 Initial FDD DL spectral efficiency evaluation for different system bandwidth 
	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
	11.43
	11.65
	12.1
	9
	0.40
	0.41
	0.42
	0.3

	Dense Urban 
	Config. A 
(4 GHz);
32T4R
	11.32
	11.54
	11.98
	7.8
	0.37
	0.38
	0.39
	0.225

	Rural 
	Config. A
(700 MHz;
8T2R
	6.16
	6.28
	6.52
	3.3
	0.14
	0.14
	0.15
	0.12

	
	Config. C
(700 MHz);
8T4R
	7.56
	7.70
	8.0
	3.3
	0.18
	0.18
	0.19
	0.12


TABLE 4 Initial TDD DL spectral efficiency evaluation for different system bandwidth 
	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
	12.84
	13.34
	14.29
	9
	0.42
	0.44
	0.47
	0.3

	Dense Urban 
	Config. A 
(4 GHz);
32T4R
	13.03
	13.54
	14.5
	7.8
	0.37
	0.38
	0.41
	0.225

	Rural 
	Config. A
(700 MHz;
8T2R
	6.85
	7.12
	7.62
	3.3
	0.16
	0.17
	0.18
	0.12

	
	Config. C
(700 MHz);
8T4R
	7.45
	7.74
	8.29
	3.3
	0.20
	0.21
	0.22
	0.12



Observation 1: NR with sub 6 GHz has the potential to fulfill DL spectral efficiency requirements in all test environments, including Rural – eMBB configuration C (LMLC).
UL spectral efficiency evaluation results
The initial UL spectral efficiency evaluation results for NR are given in Table 5 and Table 6. Observation is made based on these initial evaluation results.

TABLE 5 Initial FDD UL spectral efficiency evaluation
	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;
2T16R)
	6.85
	6.98
	7.25
	6.75
	0.32
	0.33
	0.34
	0.21

	Dense Urban 
	(Config. A 
4 GHz;
2T16R)
	6.76
	6.89
	7.16
	5.4
	0.31
	0.32
	0.33
	0.15

	Rural 
	(Config. A
700 MHz;
1T8R)
	4.06
	4.14
	4.30
	1.6
	0.15
	0.15
	0.16
	0.045


TABLE 6 Initial TDD UL spectral efficiency evaluation
	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;
4T16R)
	6.89
	7.16
	7.67
	6.75
	0.33
	0.34
	0.37
	0.21

	Dense Urban 
	(Config. A 
4 GHz;
4T16R)
	6.41
	6.66
	7.13
	5.4
	0.29
	0.30
	0.32
	0.15

	Rural 
	(Config. A
700 MHz;
4T8R)
	5.92
	6.15
	6.59
	1.6
	0.19
	0.20
	0.21
	0.045


Observation 2: NR with sub 6 GHz has the potential to fulfill UL spectral efficiency requirements in all test environments.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
In this document, the initial evaluation of eMBB spectral efficiency for NR operating on frequency range 1 (FR1, i.e., below 6 GHz) is provided. Based on the evaluation, the following observations are made.
Observation 1: NR with sub 6 GHz has the potential to fulfill DL spectral efficiency requirements in all test environments, including Rural – eMBB configuration C (LMLC).
Observation 2: NR with sub 6 GHz has the potential to fulfill UL spectral efficiency requirements in all test environments.
Reference
[1] R1-1803386, “Summary of offline discussion for IMT-2020 self evaluation”, Huawei, February 2018.


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

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

	Evaluation configuration
	Configuration A
	Configuration A
	Configuration A, Configuration C

	Channel model
	InH_A
	UMa_A
	RMa_A

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

	TDD frame structure
	DDDSU
	DDDSU
	DDDSU

	Carrier Frequency
	4 GHz
	4 GHz
	700 MHz

	System bandwidth
	TDD: 20MHz
	TDD: 20MHz
	TDD: 20MHz

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

	Subcarrier spacing
	FDD: 15 kHz
TDD: 30 kHz
	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
	32Tx cross-polarized antenna
(M,N,P,Mg,Ng) = (4,4,2,1,1)
	128Tx cross-polarized antenna
(M,N,P,Mg,Ng) = (8,8,2,1,1)
	64Tx cross-polarized antenna
(M,N,P,Mg,Ng) = (8,4,2,1,1)

	Number of TXRU per TRxP
	32TXRU
	For 32TXRU: Vertical 2-to-8
For 16TXRU: Vertical 1-to-8
	8TXRU
Vertical 1-to-8

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

	Transmit power per TRxP
	TDD: 24 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
	90deg in LCS
	105deg in LCS
	Configuration A: 100deg in LCS 
Configuration C: 92deg in LCS 

	UT attachment
	Based on RSRP (formula) from CRS port 0
	Based on RSRP (formula) from CRS port 0
	Based on RSRP (formula) from CRS port 0

	Scheduling
	MU-PF
	MU-PF
	MU-PF

	MIMO mode
	MU-MIMO with rank 4 adaptation per user;
Maximum MU layer = 12
	MU-MIMO with rank 4 adaptation per user
Maximum MU layer = 12
	MU-MIMO with rank 2 adaptation per user
Maximum MU layer = 8

	Guard band ratio
	TDD: 8.2% (for 20 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 (ideal) with delay
	5 slots period based on CSI-RS (ideal) with delay
	5 slots period based on CSI-RS (ideal) with delay

	Precoder derivation
	TDD: SRS (ideal) based
	TDD: SRS (ideal) based
	TDD: SRS (ideal) based

	
	FDD: NR Type II codebook based
	FDD: NR Type II codebook based
	FDD: NR Type II codebook based

	Waveform
	OFDM
	OFDM
	OFDM



Table A-2 Evaluation assumptions for UL
	Parameter
	Value

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

	Evaluation configuration
	Configuration A
	Configuration A
	Configuration A

	Channel model
	InH_A
	UMa_A
	RMa_A

	Subcarrier spacing
	FDD: 15 kHz
TDD: 30 kHz
	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
	32Rx cross-polarized antenna (M,N,P,Mg,Ng) = (4,4,2,1,1)
	128Rx cross-polarized antenna
(M,N,P,Mg,Ng) = (8,8,2,1,1)
	64Rx cross-polarized antenna
(M,N,P,Mg,Ng) = (8,4,2,1,1)

	Number of TXRU per TRxP
	16TXRU 
Vertical 1-to-2
	16TXRU
Vertical 1-to-8
	8TXRU
Vertical 1-to-8

	Number of antenna elements per UE
	2Tx with 0°,90° polarization
	2Tx with 0°,90° polarization
	1Tx 

	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
	90deg in LCS
	105deg in LCS
	100deg in LCS

	UT attachment
	Based on RSRP (formula) from CRS port 0
	Based on RSRP (formula) from CRS port 0
	Based on RSRP (formula) from CRS port 0

	Scheduling
	MU-PF
	MU-PF
	SU-PF

	MIMO mode
	SU-MIMO with rank 2/4 adaptation 
	SU-MIMO with rank 2/4 adaptation
	SIMO for FDD;
SU-MIMO with rank 4 adaptation for TDD

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

	UE precoder scheme
	FDD: Codebook based
TDD: Non-codebook based
	FDD: Codebook based
TDD: Non-codebook based
	FDD: Codebook based
TDD: Non-codebook based

	UL CSI derivation
	FDD: Non-precoded SRS (ideal) based, with delay
TDD: Precoded SRS (ideal) based, with delay
	FDD: Non-precoded SRS (ideal) based, with delay
TDD: Precoded SRS (ideal) based, with delay
	FDD: Non-precoded SRS (ideal) based, with delay
TDD: Precoded SRS (ideal) based, with delay

	Waveform
	OFDM
	OFDM
	OFDM
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