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In this contribution, we provide our evaluation results on spectral efficiency in Rural-eMBB scenario for IMT-2020 self-evaluation.
1. Evaluation on spectral efficiency
According to [1][2], evaluation on spectral efficiency involves 5th percentile user spectral efficiency and average spectral efficiency. The 5th percentile user spectral efficiency is the 5% point of the CDF of the normalized user throughput. While average spectral efficiency is the aggregate throughput of all users divided by the channel bandwidth of a specific band divided by the number of TRxPs and is measured in bit/s/Hz/TRxP. The minimum requirements for 5th percentile user spectral efficiency and average spectral efficiency for various test environments are summarized in Table1 and Table2 respectively.
Table1. 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 
	0.225
	0.15

	Rural – eMBB
	0.12
	0.045


Table2. Average spectral efficiency
	Test environment
	Downlink
(bit/s/Hz/TRxP)
	Uplink
(bit/s/Hz/TRxP)

	Indoor Hotspot – eMBB
	9
	6.75

	Dense Urban – eMBB 
	7.8
	5.4

	Rural – eMBB
	3.3
	1.6


1. Evaluation results
In this section, the initial evaluation results on downlink 5th percentile user spectral efficiency and average spectral efficiency are summarized in Table3 and Table4. The detailed evaluation assumptions are listed in Annex A.
Table3. Downlink 5th percentile user spectral efficiency for Rural-eMBB (FDD, channel model B)
	Test environment
	Antenna configuration
	5th percentile user spectral efficiency
(bit/s/Hz)
	Requirement
(bit/s/Hz)

	Rural–eMBB
(config A)
	16Tx/2Rx
	0.237
	0.12

	Rural–eMBB
(config B)
	32Tx/4Rx
	0.425
	


Table4. Downlink average spectral efficiency for Rural-eMBB (FDD, channel model B)
	Test environment
	Antenna configuration
	Average spectral efficiency 
(bit/s/Hz/TRxP)
	Requirement
(bit/s/Hz/TRxP)

	Rural–eMBB
(config A)
	16Tx/2Rx
	10.202
	3.3

	Rural–eMBB
(config B)
	32Tx/4Rx
	15.825
	


Observision1:
· For downlink Rural-eMBB scenario, NR can achieve the minimum requirements of 5th percentile user spectral efficiency and average spectral efficiency of IMT-2020.
The initial evaluation results on uplink 5th percentile user spectral efficiency and average spectral efficiency are summarized in Table5 and Table6. The detailed evaluation assumptions are listed on Annex B.
Table5. Uplink 5th percentile user spectral efficiency for Rural-eMBB (700MHz, FDD, channel model B)
	Test environment
	Antenna configuration
	5th percentile user spectral efficiency
(bit/s/Hz)
	Requirement
(bit/s/Hz)

	Rural–eMBB
(config A)
	1Tx/8Rx
	0.173
	0.045

	
	2Tx/8Rx
	0.211
	

	Rural–eMBB
(config B)
	1Tx/32Rx
	0.176
	

	
	4Tx/32Rx
	0.260
	


Table6. Uplink average spectral efficiency for Rural-eMBB (700MHz, FDD, channel model B)
	Test environment
	Antenna configuration
	Average spectral efficiency 
(bit/s/Hz/TRxP)
	Requirement
(bit/s/Hz/TRxP)

	Rural–eMBB
(config A)
	1Tx/8Rx
	4.778
	1.6

	
	2Tx/8Rx
	6.692
	

	[bookmark: _GoBack]Rural–eMBB
(config B)
	1Tx/32Rx
	4.635
	

	
	4Tx/32Rx
	8.545
	


Observision2:
· For uplink Rural-eMBB scenario, NR can achieve the minimum requirements of 5th percentile user spectral efficiency and average spectral efficiency of IMT-2020.
1. Conclusion
In this contribution, we provide our evaluation results on spectral efficiency in Rural-eMBB scenario for IMT-2020 self-evaluation with the following observations:
Observision1:
· For downlink Rural-eMBB scenario, NR can achieve the minimum requirements of 5th percentile user spectral efficiency and average spectral efficiency of IMT-2020.
Observision2:
· For uplink Rural-eMBB scenario, NR can achieve the minimum requirements of 5th percentile user spectral efficiency and average spectral efficiency of IMT-2020.
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Annex A: Downlink evaluation assumptions
Table7.Downlink evaluation assumptions
	Parameter
	Value

	Scenarios 
	Rural-eMBB Config A (700MHz);
Rural-eMBB Config B (4GHz)

	BS antenna configurations 
(M,N,P,Mg,Ng,Mp,Np)
	Config A: 
For 16T: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1;2,4);
(dH, dV)=(0.5, 0.8)λ
Config B:
For 32T: (M,N,P,Mg,Ng; Mp,Np) = (8,8,2,1,1;2,8)
(dH, dV)=(0.5, 0.8)λ

	MS antenna configurations 
	Config A:
For 2R: (M,N,P,Mg,Ng; Mp,Np) = (1,1,2,1,1; 1,1)
Config B:
For 4R: (M,N,P,Mg,Ng; Mp,Np) =  (1,2,2,1,1; 1,2)

	System bandwidth 
	10MHz (52RBs)

	UE attachment 
	Based on RSRP (formula as shown in Appendix 3 of RP-180524) from port 0

	Duplex
	FDD

	UE speed
	3km/h for indoor, 120km/h for in car

	Traffic model 
	Full buffer

	Receiver
	Non-ideal channel estimation and interference modeling
MMSE-IRC receiver

	Hybrid ARQ 
	Maximum 4 transmissions, Feedback delay is 2 ms

	Feedback
	CQI, PMI and RI reporting triggered per 5ms
Type II codebook,4 beams, WB+SB amplitude quantization, 8 PSK phase quantization
Max 2 layers per UE
Feedback delay is 2 ms

	Transmission scheme
	MU-MIMO with rank adaptation

	Wrapping method
	Geographical distance based

	Metrics
	Average UE throughput, 5% UE throughput.

	Overhead
	PDCCH  2 symbol, TRS (20ms period), DMRS Type 2, NZP CSI-RS for CM, ZP CSI-RS (4Port) for IM, 1 SSB / 20ms


Annex B: Uplink evaluation assumptions
Table8.Uplink evaluation assumptions
	Parameter
	Value

	Scenarios 
	Rural-eMBB Config A (700MHz);
Rural-eMBB  Config B (4GHz)

	BS antenna configurations (M,N,P,Mg,Ng,Mp,Np)
	Config A:
For 8R: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1; 1,4)
(dH, dV)=(0.5, 0.8)λ
Config B:
For 32R:  (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1; 2,8)
(dH, dV)=(0.5, 0.8)λ

	MS antenna configurations 
	Config A:
For 1T:  (M,N,P,Mg,Ng; Mp,Np)= (1,1,1,1,1; 1,1);
For 2T:  (M,N,P,Mg,Ng; Mp,Np)=  (1,1,2,1,1; 1,2)
(dH, dV)=( N/A, N/A)λ
Config B:
For 1T:  (M, N, P, Mg, Ng; Mp, Np) = (1,1,1,1,1; 1,1)
(dH, dV)=( N/A, N/A)λ;
For 4T: (M,N,P,Mg,Ng; Mp,Np) =  (1,2,2,1,1; 1,2)
dH, dV)=( 0.5, N/A)λ;

	System bandwidth 
	10MHz (52RBs)

	UE attachment 
	Based on RSRP (formula as shown in Appendix 3 of RP-180524) from port 0

	Duplex
	FDD

	UE speed
	3km/h for indoor, 120km/h for in car

	Traffic model 
	Full buffer

	Receiver
	Non-ideal channel estimation and interference modeling
MMSE-IRC receiver

	Hybrid ARQ 
	Maximum 4 transmissions, Feedback delay is 2 ms

	Feedback
	Non-codebook
For 1Tx:Up to 1 layers
For 2Tx and 4Tx:Up to 2 layers
Feedback delay is 2 ms

	Transmission scheme
	UL SU-MIMO with rank adaptation

	Wrapping method
	Geographical distance based

	Metrics
	Average UE throughput, 5% UE throughput.

	Overhead
	2 PRBs and 14 OS for the slots, DMRS Type 2, SRS 2 symbol per 5ms




