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Introduction
In this contribution, evaluation results on spectral efficiency in Indoor Hotspot-eMBB scenario Configuration C and Dense-Urban scenario Configuration B are provided for IMT-2020 self-evaluation.
Evaluation methodology and requirement
In order to evaluate the spectral efficiency using system-level simulation, following methodologies are provided in [1].
	Average spectral efficiency
Let Ri (T) denote the number of correctly received bits by user i (i = 1,…N) (downlink) or from user i (uplink) in a system comprising a user population of N users and M Transmission Reception Points (TRxPs). Further, let W denote the channel bandwidth and T the time over which the data bits are received. The average spectral efficiency may be estimated by running system-level simulations over number of drops Ndrops. Each drop gives a value of denoted as:
 and the estimated average spectral efficiency resulting is given by: 
		
where  is the estimated average spectral efficiency and will approach the actual average with an increasing number of Ndrops and   is the simulated total number of correctly received bits for user i in drop j.
5th percentile user spectral efficiency
5th percentile user spectral efficiency is the 5th percentile point of the cumulative distribution function (CDF) of the normalized user throughput, estimated from all possible user locations.
Let user i in drop j correctly decode  accumulated bits in [0, T]. For non-scheduled duration of user i zero bits are accumulated. During this total time user i receives accumulated service time of Ti  ≤ T, where the service time is the time duration between the first packet arrival and when the last packet of the burst is correctly decoded. In case of full buffer, Ti = T. Hence the rate normalised by service time Ti  and channel bandwidth W of user i in drop j, , is:
		= 
Running Ndrops simulations leads to Ndrops × N values of   of which the lowest 5th percentile point of the CDF is used to estimate the 5th percentile user spectral efficiency.



The requirements of IMT-2020 on spectral efficiency in Indoor Hotspot-eMBB scenario and Dense Urban-eMBB scenario are listed in Table 1. The detailed evaluation assumptions can be found in Appendix. 
Table 1. Requirement of spectral efficiency
	Test environnements
	Average SE
(bit/s/Hz)
	5% SE
(bit/s/Hz)

	Indoor Hotspot-eMBB
	DL
	9
	3

	
	UL
	6.75
	0.21

	Dense Urban-eMBB
	DL
	7.8
	0.225

	
	UL
	5.4
	0.15


Evaluation results
Evaluation results for average spectral efficiency and 5% spectral efficiency is evaluated in Indoor Hotspot - eMBB scenario with configuration C is summarized in Table 2. Based on the evaluation results, NR achieves minimum performance requirements of average and 5% spectral efficiency for Indoor Hotspot-eMBB with configuration C. It is noted that OFDM waveform is applied for the evaluation.

Table 2. Evaluation results of spectral efficiency for Indoor Hotspot-eMBB
	Test environnements
	Configuration
	Average SE
(bit/s/Hz)
	5% SE 
(bit/s/Hz)

	Indoor Hotspot - eMBB
	Config. C (70GHz)
	DL
	9.98
	0.348

	
	
	UL
	6.85
	0.312



Additionally, evaluation results for average spectral efficiency and 5% spectral efficiency is evaluated in Dense Urban - eMBB scenario with configuration B. It is also noted that for Dense Urban-eMBB Configuration B, additional assumption of a certain admission control scheme is used. For example, users with worse pathloss (e.g., larger than maximum pathloss of around 125dB) are not attached so that the users attached the cell can be served with better spectral efficiency. Based on the evaluation results, NR achieves minimum performance requirements of average and 5% spectral efficiency for Dense Urban-eMBB Configuration B if additional evaluation assumption is used.

Table 3. Evaluation results of spectral efficiency for Dense Urban-eMBB
	Test environnements
	Configuration
	Average SE
(bit/s/Hz)
	5% SE 
(bit/s/Hz)

	Dense Urban-eMBB
	Config. B (30GHz)
	DL
	8.37
	0.26

	
	
	UL
	5.75
	0.22




Based on the evaluation results, we draw following observation:
Observation: 
· For Indoor Hotspot-eMBB with configuration C, NR achieves minimum performance requirements of average and 5% spectral efficiency for ITU-R self-evaluation. 
· For Dense Urban-eMBB with configuration B, NR achieves minimum performance requirements of average and 5% spectral efficiency for ITU-R self-evaluation if a certain level of admission control is applied. 

Conclusion
In this contribution, performance requirements and evaluation results with detailed evaluation assumptions are provided. Based on the evaluation results, we draw following observation:

Observation: 
· For Indoor Hotspot-eMBB with configuration C, NR achieves minimum performance requirements of average TRP and 5% UE spectral efficiency for ITU-R self-evaluation. 
· For Dense Urban-eMBB with configuration B, NR achieves minimum performance requirements of average and 5% spectral efficiency for ITU-R self-evaluation if a certain level of admission control is applied. 

Appendix

Table 4. Evaluation assumptions for DL Indoor Hotspot-eMBB scenario
	Parameter
	Value

	[bookmark: _GoBack]ISD
	20m (12TRxP)

	Carrier Frequency
	70 GHz

	System BW
	100MHz

	Subcarrier spacing
	120 kHz

	Symbols number per slot
	14

	BS Antenna Configuration
	(M,N,P,Mg,Ng, Mp, Np) = (8,16,2,1,1,2,2)

	Number of antenna elements per UE
	(M,N,P,Mg,Ng, Mp, Np) = (2,4,2,1,2,1,1)

	Total BS Tx Power
	23 dBm

	TRxP number per site
	1

	Mechanic tilt
	180° in GCS (pointing to the ground)

	Electronic tilt
	According to Zenith angle in "Beam set at TRxP"

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

	Scheduling
	MU-MIMO with PF

	ACK/NACK delay
	Next available UL slot

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

	Guard band ratio
	5.5% (for 100 MHz)

	BS receiver type
	MMSE-IRC

	CSI feedback
	25 slots period

	
	NR Type II CSI 

	Overhead
	PDCCH
	2 symbols

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

	
	CSI-RS
	32 ports per 5 slots

	
	SSB
	8 SSB per 20 ms

	
	TRS
	2 consecutive slots per 20 ms, 1 port

	
	PTRS
	2 ports PT-RS, (L,K) = (1,4) 
L is time density and K is frequency density

	
	PUCCH
	1 symbol

	
	SRS
	2 symbols per 10 slots

	Power control parameter
	P0=-80, alpha = 0.8

	Channel estimation
	Non-ideal

	Waveform
	OFDM



Table 5. Evaluation assumptions for Dense Urban-eMBB scenario
	Parameter
	Value

	ISD
	200m

	Carrier Frequency
	30 GHz

	System BW
	100MHz

	Subcarrier spacing
	120 kHz

	Symbols number per slot
	14

	BS Antenna Configuration
	(M,N,P,Mg,Ng, Mp, Np) = (4,8,2,2,2,1,1)

	Number of antenna elements per UE
	(M,N,P,Mg,Ng, Mp, Np) = (2,4,2,1,2,1,1)

	Total BS Tx Power
	37 dBm

	TRxP number per site
	1

	Mechanic tilt
	90° in GCS (pointing to the ground)

	Electronic tilt
	According to Zenith angle in "Beam set at TRxP"

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

	Scheduling
	MU-MIMO with PF

	ACK/NACK delay
	Next available UL slot

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

	Guard band ratio
	5.5% (for 100 MHz)

	BS receiver type
	MMSE-IRC

	CSI feedback
	25 slots period

	
	NR Type II CSI 

	Overhead
	PDCCH
	2 symbols

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

	
	CSI-RS
	32 ports per 5 slots

	
	SSB
	8 SSB per 20 ms

	
	TRS
	2 consecutive slots per 20 ms, 1 port

	
	PTRS
	2 ports PT-RS, (L,K) = (1,4) 
L is time density and K is frequency density

	
	PUCCH
	1 symbol

	
	SRS
	2 symbols per 10 slots

	Power control parameter
	P0=-80, alpha = 0.8

	Channel estimation
	Non-ideal

	Waveform
	OFDM




