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1. Introduction
At RAN#77 meeting, the preliminary work plan of self evaluation was agreed in [1], where a three-step plan is made. At RAN#78 meeting, it was agreed in [2] that 3GPP will start Step 2 activity for self evaluation study, which includes the performance evaluation against the eMBB, mMTC and URLLC technical performance requirements as defined in Report ITU-R M.2410 (see [3]). 
According to Report ITU-R M.2412 [4], simulation is needed to evaluate spectral efficiency (average, 5th percentile user), mobility, user experience data rate, connection density and reliability. Some performace requirements, e.g., mobility in eMBB (Indoor Hotspot-eMBB, Dense Urban-eMBB, and Rural-eMBB), reliability in URLLC (Urban Macro – URLLC), and connection density in mMTC (Urban Macro – mMTC), need to be evaluated with both system-level simulation and link-level simulation.
At RAN1#93 meeting, the following agreement [5] is made for eMBB.
Agreements:
· The proposals in Section 2 of R1-1807758 are agreed.
In this contribution, we provide the preliminary system-level simulation evaluation results of Rural-eMBB.

2. Minimum requirements of DL and UL spectral efficiency
	Test environment
	Downlink (bit/s/Hz/TRxP)
	Uplink (bit/s/Hz/TRxP)

	
	Average spectral efficiency
	5th percentile user spectral efficiency
	Average spectral efficiency
	5th percentile user spectral efficiency

	Rural – eMBB
	3.3
	0.12
	1.6
	0.045


Table 1: Average spectral efficiency and 5th percentile user spectral efficiency 
The table 1 shows the minimum values of average spectral efficiency and 5th percentile user spectral efficiency of DL and UL in the Rural-eMBB test environment. 
 
3. Evaluation results
[bookmark: OLE_LINK115][bookmark: OLE_LINK116][bookmark: OLE_LINK238][bookmark: OLE_LINK239][bookmark: _GoBack]In this contribution, rural configurations A and B are evaluated to meet the ITU minimum performance requirement. The initial evaluation results for downlink average spectral efficiency and 5th percentile spectral efficiency are provided for Rural-eMBB. The evaluation configuration can be found in Annex. 


	Configuration
	Average spectral efficiency 
(bit/s/Hz/TRxP)

	
	FDD - Downlink
	Requirements 

	[bookmark: OLE_LINK2]Rural
(Config. A;700 MHz;8T4R)
	3.39
	3.3

	Rural
(Config. B;4 GHz;8T4R)
	3.18
	3.3


Table 2: DL Average spectral efficiency evaluation

	Configuration
	5th percentile spectral efficiency 
(bit/s/Hz)

	
	FDD - Downlink
	Requirements 

	Rural
(Config. A;700 MHz;8T2R)
	0.5
	0.12

	Rural
(Config. B;4 GHz;8T2R)
	0.39
	0.12


Table 3:  DL 5th percentile spectral efficiency evaluation


	Configuration
	Average spectral efficiency 
(bit/s/Hz/TRxP)

	
	FDD - Uplink
	Requirements 

	Rural
(Config. A;700 MHz;2T8R)
	2.27
	1.6

	Rural
(Config. B;4 GHz;2T8R)
	1.71
	1.6


Table 4: UL Average spectral efficiency evaluation

	Configuration
	5th percentile spectral efficiency 
(bit/s/Hz)

	
	FDD - Uplink
	Requirements 

	Rural
(Config. A;700 MHz;2T8R)
	0.4
	0.045

	Rural
(Config. B;4 GHz;8T2R)
	0.127
	0.045


Table 5:  UL 5th percentile spectral efficiency evaluation

In Rural test environments, it is considerably observed that NR can meet requirements of both DL and UL Average spectral efficiency and 5th percentile spectral efficiency in the IMT-2020. The DL simulations are done using only SU-MIMO and Type I CSI feedback. More specifically, much more number of TXRUs in the transmitter/receiver efficiency can improve NR system performance. The gain mostly will come from beamforming gain and spatial freedom to reduce effect of interference.
Observation: IMT-2020 requirements on downlink and uplink spectral efficiency can be fulfilled for the Rural-eMBB test environments in NR.
4. Conclusion
In this document, we provide our initial consideration on DLand UL spectral efficiency of Rural-eMBB test environment towards IMT-2020 submission. 
Observation: IMT-2020 requirements on downlink and uplink spectral efficiency can be fulfilled for the Rural-eMBB test environments in NR.
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Annex: Evaluation assumptions
In this contribution, the evaluation assumptions for Rural-eMBB are provided in the following table. 
Table A-1 Evaluation assumptions
	[bookmark: OLE_LINK260][bookmark: OLE_LINK261][bookmark: OLE_LINK262]Rural - eMBB
	Config. A
	Config. B

	Carrier frequency for evaluation
	700 MHz 
	4 GHz 

	Simulation bandwidth
	10M

	10M


	Subcarrier spacing
	15KHz
	15KHz

	Symbols number per slot
	14
	14

	BS antenna height
	35 m
	35 m

	Total transmit power per TRxP
	46 dBm
	46 dBm

	UE power class
	23 dBm
	23 dBm

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

	Inter-site distance
	1732 m
	1732 m

	Number of antenna elements per TRxP
	[bookmark: OLE_LINK161][bookmark: OLE_LINK1][bookmark: OLE_LINK18][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK32][bookmark: OLE_LINK33]64 Tx/Rx, (M,N,P,Mg,Ng) = (8,4,2,1,1) 

[bookmark: OLE_LINK297][bookmark: OLE_LINK298] (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
	[bookmark: OLE_LINK26][bookmark: OLE_LINK28][bookmark: OLE_LINK254][bookmark: OLE_LINK255][bookmark: OLE_LINK256][bookmark: OLE_LINK257]8TXRU, (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)
	8TXRU, (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)

	Number of UE antenna elements 
	[bookmark: OLE_LINK332][bookmark: OLE_LINK333]2Tx/Rx, (M,N,P,Mg,Ng) = (1,1,2,1,1)
0°,90° polarization
	2Tx/Rx, (M,N,P,Mg,Ng) = (1,1,2,1,1)
0°,90° polarization

	Number of TXRU per UE
	[bookmark: OLE_LINK334][bookmark: OLE_LINK335][bookmark: OLE_LINK336]2TXRU (1-to-1 mapping)
	2TXRU (1-to-1 mapping)

	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

	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;

	BS noise figure
	5 dB
	5 dB

	UE noise figure
	7 dB 
	7 dB 

	BS antenna element gain
	8 dBi
	8 dBi

	BS antenna element pattern
	See Table 9 in Report ITU‑R M.2412
	See Table 9 in Report ITU‑R M.2412

	UE antenna element gain
	0 dBi
	0 dBi

	UE antenna element pattern
	Omni-directional
	Omni-directional

	Thermal noise level
	-174 dBm/Hz
	-174 dBm/Hz

	Traffic model
	Full buffer
	Full buffer

	UE density
	10 UEs per TRxP
	10 UEs per TRxP

	UE antenna height
	1.5 m
	1.5 m

	Channel model variant
	Channel model B
	Channel model B

	TRxP number per site
	3
	3

	Mechanic tilt 
	90° in GCS 
	90° in GCS 

	Electronic tilt
	100° in LCS
	100° in LCS

	TRxP boresight  
	30 / 150 / 270 degrees 
	30 / 150 / 270 degrees 

	UT attachment
	Based on RSRP from port 0
	Based on RSRP from port 0

	Wrapping around method
	Geographical distance based wrapping
	Geographical distance based wrapping

	Minimum distance of TRxP and UE
	d2D_min=10m 
	d2D_min=10m 

	Polarized antenna model
	Model-2 in TR36.873
	Model-2 in TR36.873

	TX mode
	SU-MIMO
	[bookmark: OLE_LINK225][bookmark: OLE_LINK226]SU-MIMO

	scheduler
	PF
	PF

	Receiver
	MMSE-IRC
	MMSE-IRC

	DL CSI feedback
	5ms period with delay
	5ms period with delay

	DL CSI method
	CSI Type I codebook based
	CSI Type I codebook based

	HARQ ACK delay
	the next available UL slot
	the next available UL slot

	HARQ retransmission delay
	the next available DL slot after ACK report
	the next available DL slot after ACK report

	Channel estimation
	[bookmark: OLE_LINK120][bookmark: OLE_LINK121]Ideal
	Ideal

	Interference estimation
	ideal
	ideal

	UE precoder scheme
	Codebook based
	--

	Overhead
	[bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK46]DL: 2 symbols PDCCH, CSI-RS without NZP CSI-IS IMR and DMRS
	DL: 2 symbols PDCCH, CSI-RS without NZP CSI-IS IMR and DMRS
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