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1. Introduction
At the RAN1#94bis meeting, we present the TDD evaluation results of Rural-eMBB Config A/B/C under ideal channel estimation, including the DL/UL average spectral efficiency and the DL/UL 5th percentile user spectral efficiency. In this contribution, we present the updated evaluation results under non-ideal channel estimation.

2. ITU Requirements
The minimum requirement for 5th percentile user spectral efficiency and average spectral efficiency for Rural-eMBB sceanrio is provided as follow [2].
TABLE 1
5th percentile user spectral efficiency
	Test environment
	Downlink 
(bit/s/Hz)
	Uplink 
(bit/s/Hz)

	Rural – eMBB
	0.12
	0.045

	


TABLE 2
Average spectral efficiency
	Test environment
	Downlink (bit/s/Hz/TRxP)
	Uplink (bit/s/Hz/TRxP)

	Rural – eMBB
	3.3
	1.6

	


3. DL Performance 
In this section, we provide the downlink results of Rural-eMBB Config A/B/C under non-ideal channel estimation. The detailed evaluation assumptions can be found in Annex.
The evaluation results of DL average spectral efficiency and DL 5th percentile spectral efficiency are summarized in Table 3.
TABLE 3
Average spectral efficiency and 5th percentile user spectral efficiency for Rural – eMBB Config A/B/C
	[bookmark: _Hlk525916564]Test environment
	TRxP and UE antenna Config.
(M,N,P,Mg,Ng;Mp,Np) at TRxPs within a panel
	Frame structure
	SEavg 
(bit/s/Hz/TRxP)
	ITU Requirement (bit/s/Hz/TRxP)
	SEuser
(bit/s/Hz)
	ITU Requirement 
(bit/s/Hz)

	Rural – eMBB Config A
	8T (8,4,2,1,1;1,4)
2R (1,1,2,1,1;1,1)
	DSUUD
	5.024
	3.3
	0.145  
	0.12

	
	
	DDDSU
	4.880 
	3.3
	0.137 
	0.12

	Rural – eMBB Config B
	16T (8,8,2,1,1;1,8)
4R (1,2,2,1,1;1,2)
	DSUUD
	11.241
	3.3
	0.244
	0.12

	
	
	DDDSU
	11.081 
	3.3
	0.256 
	0.12

	Rural – eMBB Config C
	8T (8,4,2,1,1;1,4)
4R (2,2,2,1,1;1,2)
	DSUUD
	9.180 
	3.3
	0.234 
	0.12

	
	
	DDDSU
	9.204 
	3.3
	0.237 
	0.12


Based on above evaluation results, we have following observation. 
Observation 1: The minimum requirement for DL 5th percentile user spectral efficiency and DL average spectral efficiency can be met for Rural-eMBB configuration A, B and C.

4. UL Performance 
In this section, we provide the uplink results of Rural-eMBB Config A/B/C under non-ideal channel estimation. The detailed evaluation assumptions can be found in Annex.
The evaluation results of UL average spectral efficiency and UL 5th percentile spectral efficiency are summarized in Table 4.
TABLE 4
Average spectral efficiency and 5th percentile user spectral efficiency for Rural – eMBB Config A/B/C
	Test environment
	TRxP and UE antenna Config.
(M,N,P,Mg,Ng;Mp,Np) at TRxPs within a panel
	Frame structure
	SEavg 
(bit/s/Hz/TRxP)
	ITU Requirement (bit/s/Hz/TRxP)
	SEuser
(bit/s/Hz)
	ITU Requirement 
(bit/s/Hz)

	Rural – eMBB Config A
	8R (8,4,2,1,1;1,4)
2T (1,1,2,1,1;1,1)
	DSUUD
	5.331 
	1.6
	0.142 
	0.045

	
	
	DDDSU
	4.532 
	1.6
	0.131  
	0.045

	Rural – eMBB Config B
	16R (8,8,2,1,1;1,8)
4T (1,2,2,1,1;1,2)
	DSUUD
	6.266 
	1.6
	0.084 
	0.045

	
	
	DDDSU
	5.245   
	1.6
	0.078   
	0.045

	Rural – eMBB Config C
	8R (8,4,2,1,1;1,4)
4T (2,2,2,1,1;1,2)
	DSUUD
	4.556 
	1.6
	0.087 
	0.045

	
	
	DDDSU
	3.791   
	1.6
	0.077   
	0.045


Based on above evaluation results, we have following observation. 
Observation 2: The minimum requirement for UL 5th percentile user spectral efficiency and UL average spectral efficiency can be met for Rural-eMBB configuration A, B and C.

5. Summary
[bookmark: _GoBack]In this contribution, we provide the downlink and uplink performance on average spectral efficiency and 5th percentile user spectral efficiency of Rural-eMBB under non-ideal channel estimation. The observations are summarized as follow:
Observation 1: The minimum requirement for DL 5th percentile user spectral efficiency and DL average spectral efficiency can be met for Rural-eMBB configuration A, B and C.
Observation 2: The minimum requirement for UL 5th percentile user spectral efficiency and UL average spectral efficiency can be met for Rural-eMBB configuration A,B and C.
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Annex: Evaluation assumptions
	Rural - eMBB
	Config A
	Config B
	Config C

	Carrier frequency for evaluation
	700 MHz
	4 GHz
	700 MHz

	Total transmit power per TRxP
	49 dBm for 20 MHz bandwidth

	Percentage of high loss and low loss building type
	100% low loss (applies to Channel model B)

	Inter-site distance
	1732 m
	1732 m
	6000 m

	Number of antenna elements per TRxP
	64 Tx/Rx, (M,N,P,Mg,Ng) = (8,4,2,1,1), (dH,dV) = (0.5, 0.8)λ

+45°, -45° polarization
	128Tx/Rx, (M,N,P,Mg,Ng) = (8,8,2,1,1), (dH,dV) = (0.5, 0.8)λ

+45°, -45° polarization
	64 Tx/Rx, (M,N,P,Mg,Ng) = (8,4,2,1,1), (dH,dV) = (0.5, 0.8)λ

+45°, -45° polarization

	Number of TXRU per TRxP
	8TXRU, (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)
	16TXRU, (Mp,Np,P,Mg,Ng) = (1,8,2,1,1)
	8TXRU, (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)

	Number of UE antenna elements 
	2Tx/Rx, (M,N,P,Mg,Ng) = (1,1,2,1,1)

0°,90° polarization
	4Tx/Rx, (M,N,P,Mg,Ng) = (1,2,2,1,1), (dH,dV) = (0.5, N/A)λ

0°,90° polarization
	8Tx, (M,N,P,Mg,Ng) = (2,2,2,1,1), (dH,dV) = (0.5, 0.5)λ
0°,90° polarization

	Number of TXRU per UE
	2TXRU (1-to-1 mapping)
	4TXRU (1-to-1 mapping)
	4TXRU, (Mp,Np,P,Mg,Ng) = (1,2,2,1,1)

	Device deployment
	50% indoor, 50% outdoor (in car)
Randomly and uniformly distributed over the area
	50% indoor, 50% outdoor (in car)
Randomly and uniformly distributed over the area
	40% indoor,
40% outdoor (pedestrian), 20% outdoor (in-car)
Randomly and uniformly distributed over the area

	UE speeds of interest
	Indoor users: 3 km/h;
Outdoor users (in-car): 120 km/h;
	Indoor users: 3 km/h;
Outdoor users (in-car): 120 km/h;
	Indoor users: 3 km/h;
Outdoor users (pedestrian): 3 km/h;
Outdoor users (in-car): 30 km/h

	Traffic model
	Full buffer

	UE density
	10 UEs per TRxP

	UE antenna height
	1.5 m

	Electronic tilt
	99° in LCS
	99° in LCS
	[bookmark: OLE_LINK2]96° in LCS


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

	Wrapping around method
	Geographical distance based wrapping

	Polarized antenna model
	Model-2 in TR36.873

	scheduler
	DL: MU PF (Max 12 layer)
UL: SU PF

	Subband number
	20

	Downlink overhead 
	
SS/PBCH block
	
1 SS/PBCH block per 20ms

	
	PDCCH
	2 OFDM symbols per slot

	
	DMRS (Type II)
	6, 12 ports

	
	CSI-RS
	4, 8, 16, 24, 32 ports with periodicity of 5ms

	
	TRS
	4 CSI-RS resource in 2 consecutive slots per 20ms, 50PRB

	
	PT-RS
	N.A.

	Uplink overhead
	PUCCH
	14 OS, 2PRB

	
	[bookmark: OLE_LINK4]DMRS (expect 2RBs for PUCCH)
	6, 12 ports

	
	SRS(expect 2RBs for PUCCH)
	2 OFDM symbols per 5 slots

	
	DL feedback
	N.A.

	
	PT-RS
	N.A.

	UE Receiver
	MMSE-IRC

	CSI feedback
	periodically 5 slot feedback with 4 slot delay

	MCS table
	Non-ideal channel estimation based NR table

	Uplink scheduler
	SU PF

	BS Receiver
	MMSE_IRC

	Uplink Power Control
	Alpha = 0.6, P0 = -60dBm

	MCS selection
	 MCS selection based on SE
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