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Introduction
At RAN#75 meeting in March 2017, New Study Item on Self Evaluation towards IMT-2020 submission was approved [1] and further revised in [2] at RAN#76 meeting. As discussed in [3], the self evaluation will go into performance evaluation phase for all ITU-R IMT-2020 requirements including eMBB requirements. 
Among the eMBB requirements, average spectral efficiency and 5th percentile user spectral efficiency need system level simulation efforts, and they will be evaluated to demonstrate the achievement for the ITU-R vision on three times spectral efficiency improvements. 
In this document, the consideration on self evaluation of eMBB spectral efficiency is provided.
[bookmark: _Ref129681832]Spectral efficiency metrics, evaluation method, and evaluation configuration
Performance metrics for spectral efficiency
According to Report ITU-R M.[IMT-2020.TECH PERF REQ], 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. The definitions are given based on Report ITU-R M.[IMT-2020. TECH PERF REQ] as follows.
Average spectral efficiency
Average spectral efficiency is the aggregate throughput of all users (the number of correctly received bits, i.e. the number of bits contained in the SDUs delivered to Layer 3, over a certain period of time) divided by the channel bandwidth of a specific band divided by the number of TRxPs and is measured in bit/s/Hz/TRxP. 
The channel bandwidth for this purpose is defined as the effective bandwidth times the frequency reuse factor, where the effective bandwidth is the operating bandwidth normalized appropriately considering the uplink/downlink ratio. 
Let Ri (T) denote the number of correctly received bits by user i (downlink) or from user i (uplink) in a system comprising a user population of N users and M TRxPs. Furthermore, let W denote the channel bandwidth and T the time over which the data bits are received. The average spectral efficiency, SEavg is then defined according to equation (1).

			(1)
The minimum requirements for average spectral efficiency for various test environments are summarized in Table 1.
TABLE 1
				Average spectral efficiency	
	Test environment
	Downlink (bit/s/Hz/TRxP)
	Uplink (bit/s/Hz/TRxP)

	Indoor Hotspot – eMBB
	9
	6.75

	Dense Urban – eMBB (NOTE 1)
	7.8
	5.4

	Rural – eMBB
	3.3
	1.6

	NOTE 1: This requirement applies to Macro TRxP layer of the Dense Urban – eMBB test environment as described in Report ITU-R M.[IMT-2020.EVAL].


The performance requirement for Rural-eMBB is also applicable to Rural-eMBB LMLC which is one of the evaluation configurations under the Rural- eMBB test environment.
5th percentile user spectral efficiency 
The 5th percentile user spectral efficiency is the 5% point of the CDF of the normalized user throughput. The normalized user throughput is defined as the number of correctly received bits,
i.e., the number of bits contained in the SDUs delivered to Layer 3, over a certain period of time, divided by the channel bandwidth and is measured in bit/s/Hz. 
The channel bandwidth for this purpose is defined as the effective bandwidth times the frequency reuse factor, where the effective bandwidth is the operating bandwidth normalized appropriately considering the uplink/downlink ratio.
With Ri (Ti) denoting the number of correctly received bits of user i, Ti the active session time for user i and W the channel bandwidth, the (normalized) user throughput of user i, ri, is defined according to equation (2).

			(2)
This requirement is defined for the purpose of evaluation in the eMBB usage scenario. 
The minimum requirements for 5th percentile user spectral efficiency for various test environments are summarized in Table 2.
TABLE 2
5th percentile user spectral efficiency
	Test environment
	Downlink 
(bit/s/Hz)
	Uplink 
(bit/s/Hz)

	Indoor Hotspot – eMBB
	0.3
	0.21

	Dense Urban – eMBB (NOTE 1)
	0.225
	0.15

	Rural – eMBB
	0.12
	0.045

	NOTE 1: This requirement will be evaluated under Macro TRxP layer of Dense Urban – eMBB test environment as described in Report ITU-R M.[IMT-2020.EVAL].


The performance requirement for Rural-eMBB is not applicable to Rural-eMBB LMLC (low mobility large cell) which is one of the evaluation configurations under the Rural- eMBB test environment. 
Observations
It is observed that the requirement of average spectral efficiency and 5th percentile user spectral efficiency are jointly applied to Indoor Hotspot – eMBB, Dense Urban – eMBB, and Rural – eMBB test environments. However, for Rural – eMBB test environment, 5th percentile user spectral efficiency is not applied to LMLC evaluation configuration. 
Evaluation method
System level simulation will be used to evaluate average spectral efficiency and 5th percentile user spectral efficiency jointly. That is, one simulation is used to report both metrics. 
For LMLC evaluation configuration, although the 5th percentile user spectral efficiency is not required, the proportional fair scheduler should always be applied to avoid unfair improving of average spectral efficiency by ignoring 5th percentile spectral efficiency.
Observation 1: Proportional fair scheduler (or other scheduler with fairness metric) should be used for the target evaluation configuration of a test environment, including LMLC configuration. 
Evaluation configuration
The related test environments and evaluation configurations for spectral efficiency evaluation are summarized in Table 3. It is noted that for Dense Urban – eMBB test environment, only configuration A and B is selected as candidate evaluation configurations, and for Rural – eMBB test environment, Configuration C (LMLC) should be selected together with Configuration A or B. 
Interested companies can contribute to one or multiple evaluation configurations under a specific test environment. It is expected that 3GPP is able to provide evaluation results for all evaluation configurations.
TABLE 3
Summary of evaluation configuration for spectral efficiency evaluation
	Test env. 
	Evaluation configuration 
	Carrier frequency
	ISD
	Remark

	Indoor Hotspot – eMBB 
	Config. A
	4 GHz
	20 m
	

	
	Config. B
	30 GHz 
	20 m
	

	
	Config. C
	70 GHz
	20 m
	

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

	
	Config. B
	30 GHz
	200 m
	Macro layer only

	Rural - eMBB 
	Config. A
	700 MHz
	1 732 m
	

	
	Config. B
	4 GHz
	1 732 m
	

	
	Config. C (LMLC)
	700 MHz
	6 000 m
	Must be selected together with Config. A or B.



According to the compliance template in Report M.[IMT-2020.SUBMISSION], the downlink spectral efficiency and uplink spectral efficiency need to be evaluated under the same candidate evaluation configuration.  Therefore, contributing companies are encouraged to use the same evaluation configuration for downlink and uplink evaluation.
Observation 2: Interested companies can contribute to evaluation of spectral efficiency in one or multiple evaluation configurations in Table 3 for a specific test environment. Contributing companies are encouraged to use the same candidate evaluation configuration for downlink and uplink evaluation.
Consideration of technical features
In [4], it is agreed that 3GPP will submit a set of radio interface technologies (SRIT) consisting of NR component RIT and LTE component RIT, and in addition NR RIT to ITU-R. With this submission formats, both LTE and NR RIT features need to be considered. 
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. Therefore, among the features that impact spectral efficiency, duplexing scheme as one of the fundamental features is discussed.
Duplexing scheme for spectral efficiency evaluation
For IMT-2020 evaluation, the available duplexing schemes can be applied to NR and LTE component RIT. 
Specifically, for NR RIT, the duplexing scheme is extended from conventional FDD (for paired spectrum) and TDD (for un-paired spectrum) to the support of the following schemes (as stated in 3GPP TR38.802),
· FDD operation on a paired spectrum, 
· Different transmission directions in either part of a paired spectrum, 
· TDD operation on an unpaired spectrum where the transmission direction of time resources is not dynamically changed, and 
· TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing.
It is therefore worthwhile to consider the new duplexing schemes in the evaluation. 
In this document, the “flexible duplex on DL” is considered in addition to conventional FDD and TDD. In this new duplexing scheme, the paired spectrum is used, and the DL dominant part and UL part is invoked in the paired spectrum. For DL dominant part, there are two slot types, i.e., DL dominant slot and DL only slot. There is N=1 DL dominant slot in every radio frame, and the remaining slots are DL only. The DL dominant slot includes an UL part to transmit UL SRS to enable the channel reciprocity on DL dominant part of the paired spectrum, which has the potential to improve DL MIMO performance compared to quantized CSI feedback. For simplicity, the location of the DL dominant slot in a radio frame, and the location and the length of UL part within the DL dominant slot are assumed to be identical across the BSs in the simulated network. Therefore there is no cross-link interference in this configuration.
Spectral efficiency calculation for duplexing scheme
The spectral efficiency of different duplexing schemes can be calculated according to Report ITU-R M.[IMT-2020.EVAL]. 
For FDD, the simulation bandwidth is 10 MHz for DL and 10 MHz for UL. The DL average spectral efficiency is given by (a copy of equation (1))

									(3)
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 (3), 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 and SRS 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 flexible duplex on DL, the simulation bandwidth is 10 MHz for DL and 10 MHz for UL. The DL average spectral efficiency is given by (3), where W is the bandwidth of DL-dominant part of 10 MHz; Ri (T) denotes the number of correctly received bits of user i, and the overhead of DL control, DL reference signal and SRS on the DL dominant part 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 UL average spectral efficiency and 5th percentile spectral efficiency, similar way is employed to derive the evaluation results for these two metrics.
Observation 3: For NR RIT, FDD, TDD and flexible duplexing schemes including flexible duplex on DL can be evaluated against ITU-R spectral efficiency requirements. 
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 (based on the recent progress) are given in Table 4 and Table 5. Several observations are made based on these initial evaluation results.
TABLE 4
Initial DL spectral efficiency evaluation (for different duplexing schemes)
	Test environment
	Average spectral efficiency 
(bit/s/Hz/TRxP)
	5th percentile spectral efficiency
(bit/s/Hz)

	
	FDD
	Flexible duplex on DL
	TDD
	Requirement
	FDD
	Flexible duplex on DL
	TDD
	Requirement

	Indoor Hotspot 
(Config. A 
4 GHz;
32T4R)
	10.31
	11.03
	11.54
	9
	0.36
	0.36
	0.38
	0.3

	Dense Urban 
(Config. A 
4 GHz;
32T4R)
	9.79
	11.63
	12.04
	7.8
	0.31
	0.32
	0.33
	0.225

	Rural
(Config. A
700 MHz;
8T2R)
	5.44
	5.99
	6.53
	3.3
	0.12
	0.12
	0.12
	0.12



TABLE 5
Initial DL spectral efficiency evaluation (for different antenna configurations)
	Test environment
	Average spectral efficiency 
(bit/s/Hz/TRxP)
	5th percentile spectral efficiency
(bit/s/Hz)

	
	TDD
	TDD

	
	16T2R
	16T4R
	32T2R
	Requirement
	16T2R
	16T4R
	32T2R
	Requirement

	Dense Urban 
(Config.A 
4 GHz)
	6.38
	9.96
	8.30
	7.8
	0.16
	0.27
	0.20
	0.225



Observation 4: NR with sub 6 GHz has the potential to fulfill DL spectral efficiency requirements in all test environments, and NR flexible duplex on DL can provide 10~20% gain over NR FDD.
Observation 5: Four receive antenna elements are desired at UE side to confidently achieve ITU-R DL spectral efficiency requirements.
UL spectral efficiency evaluation results
The initial UL spectral efficiency evaluation results for NR are given in Table 7. Observation is made based on these initial evaluation results
TABLE 7
Initial UL spectral efficiency evaluation
	Test environment
	Average spectral efficiency 
(bit/s/Hz/TRxP)
	5th percentile spectral efficiency
(bit/s/Hz)

	
	FDD
	Requirement
	FDD
	Requirement

	Indoor Hotspot 
(Config. A 
4 GHz;
2T16R)
	7.27
	6.75
	0.35
	0.21

	Dense Urban 
(Config.A 
4 GHz;
2T16R)
	8.15
	5.4
	0.30
	0.15

	Rural
(Config. A
700 MHz;
1T8R)
	3.88
	1.6
	0.10
	0.045


Observation 6: 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, we provide our consideration on self evaluation of eMBB spectral efficiency towards IMT-2020 submission. 
ITU-R definition for average spectral efficiency and 5th percentile spectral efficiency is provided, and system level simulation will be used to evaluate these two metrics jointly. It is observed that 5th percentile spectral efficiency is not required for LMLC in Rural – eMBB test environment, however,
Observation 1: Proportional fair scheduler (or other scheduler with fairness metric) should be used for the target evaluation configuration of a test environment, including LMLC configuration. 
For evaluation configuration,
Observation 2: Interested companies can contribute to evaluation of spectral efficiency in one or multiple evaluation configurations in Table 3 for a specific test environment. Contributing companies are encouraged to use the same candidate evaluation configuration for downlink and uplink evaluation.
NR and LTE features are to be evaluated for spectral efficiency.
Observation 3: For NR RIT, FDD, TDD and flexible duplexing schemes including flexible duplex on DL can be evaluated against ITU-R spectral efficiency requirements. 
Initial evaluation results reveal the following observations.
Observation 4: NR with sub 6 GHz has the potential to fulfill DL spectral efficiency requirements in all test environments, and NR flexible duplex on DL can provide 10~20% gain over NR FDD.
Observation 5: Four receive antenna elements are desired at UE side to confidently achieve ITU-R DL spectral efficiency requirements.
Observation 6: NR with sub 6 GHz has the potential to fulfill UL spectral efficiency requirements in all test environments.
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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

	Channel model
	InH_A
	UMa_A
	RMa_A

	ISD
	20 m (12TRxP)
	200 m
	1 732 m

	Carrier Frequency
	4 GHz
	4 GHz
	700 MHz

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

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

	
	Flexible duplex: 10MHz
	Flexible duplex: 10MHz
	Flexible duplex: 10MHz

	Subcarrier spacing
	15 kHz
	15 kHz
	15 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
	2Rx 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

	
	Flexible duplex: 21dBm
	Flexible duplex: 41dBm
	Flexible duplex: 46dBm

	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
	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
	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: 4.6% (for 20 MHz)
	TDD: 4.6% (for 20 MHz)
	TDD: 4.6% (for 20 MHz)

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

	
	Flexible duplex: 6.4% (for 10 MHz)
	Flexible duplex: 6.4% (for 10 MHz)
	Flexible duplex: 6.4% (for 10 MHz)

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

	CSI feedback
	5ms period based on CSI-RS (ideal) with delay
	5ms period based on CSI-RS (ideal) with delay
	5ms 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

	
	Flexible duplex: SRS (ideal) based
	Flexible duplex: SRS (ideal) based
	Flexible duplex: SRS (ideal) 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
	15 kHz
	15 kHz
	15 kHz

	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
	MU-MIMO with rank 2 adaptation per user
Maximum paired number of user = 2
	MU-MIMO with rank 2 adaptation per user
Maximum paired number of user = 2
	SIMO 

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

	UE precoder scheme
	Codebook based
	Codebook based
	N.A.

	UL CSI derivation
	SRS (ideal) based, with delay
	SRS (ideal) based, with delay
	SRS (ideal) based, with delay

	Waveform
	OFDM
	OFDM
	OFDM
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