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Introduction
[bookmark: OLE_LINK156][bookmark: OLE_LINK157][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16]At RAN#75 meeting, new Study Item on Self Evaluation towards IMT-2020 submission was approved [1], the self evaluation will provide the performances towards all the ITU-R IMT-2020 requirements. The key minimum technical performance requirements are provided in Report ITU‑R M.2410 [2] for the test environment of Rural-eMBB. 
TABLE 1
5th percentile user spectral efficiency
	Test environment
	Downlink 
(bit/s/Hz)
	Uplink 
(bit/s/Hz)

	Rural – eMBB
	0.12
	0.045


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

	Rural – eMBB
	3.3
	1.6


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.
[bookmark: OLE_LINK179][bookmark: OLE_LINK180][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK8][bookmark: OLE_LINK9]According to the evaluation methodology of Report ITU‑R M.2412 [3], the average spectral efficiency and the 5th percentile user spectral efficiency need system-level simulation evaluation to demonstrate the achievement for the ITU-R technical performance requirements.
[bookmark: OLE_LINK51][bookmark: OLE_LINK53][bookmark: OLE_LINK17][bookmark: OLE_LINK47][bookmark: OLE_LINK55][bookmark: OLE_LINK58][bookmark: OLE_LINK349][bookmark: OLE_LINK350][bookmark: OLE_LINK48]In this document, the evaluation results on the LTE spectral efficiencies in Rural-eMBB based on the overhead [4] are provided to meet the technical performance requirements.
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]Evaluation methodology and assumption
[bookmark: OLE_LINK181][bookmark: OLE_LINK182]System-level simulation with proper link to system interface based on link-level simulation results could be used to evaluate average spectral efficiency and 5th percentile user spectral efficiency. 
[bookmark: OLE_LINK351][bookmark: OLE_LINK352][bookmark: OLE_LINK353][bookmark: OLE_LINK358]In this contribution, different antenna configurations are evaluated to observe the proper antenna configurations to fulfil the ITU minimum performance requirement and to observe the performance of LTE system, including different number of antenna elements and different TXRU mapping. 
Evaluation results
[bookmark: OLE_LINK115][bookmark: OLE_LINK116][bookmark: OLE_LINK238][bookmark: OLE_LINK239]The evaluation results for average spectral efficiency and 5th percentile spectral efficiency are provided in Rural-eMBB. The detailed evaluation assumptions can be found in Annex. 
[bookmark: OLE_LINK52][bookmark: OLE_LINK54][bookmark: OLE_LINK175][bookmark: OLE_LINK248][bookmark: OLE_LINK249]Downlink evaluation results
The evaluation results for DL average spectral efficiency and DL 5th percentile spectral efficiency on LTE in Rural-eMBB are provided in Table 1 and Table 2. 
[bookmark: OLE_LINK142][bookmark: OLE_LINK187][bookmark: OLE_LINK188][bookmark: OLE_LINK56][bookmark: OLE_LINK57]Table 1 DL average spectral efficiency evaluation (Rural-eMBB)
	[bookmark: OLE_LINK363][bookmark: OLE_LINK364][bookmark: OLE_LINK365][bookmark: OLE_LINK62]Test environment
	Duplex scheme
	DL CSI measurement
	TRxP and UE antenna Config.
(M,N,P,Mg,Ng; Mp,Np)
	Requirement (bit/s/Hz/TRxP)
	SEavg (bit/s/Hz/TRxP)
	Gain

	[bookmark: _Hlk510440409][bookmark: _Hlk521055499][bookmark: _Hlk513816264]Rural-eMBB
 Config. A, 700MHz,
RMa-B
	FDD
15KHz SCS
	Non-precoded CSI-RS  based
	[bookmark: OLE_LINK301][bookmark: OLE_LINK302]16T/2R, (4,8,2,1,1;1,8)
	
	6.80
	106.06%

	
	
	
	32T/2R, (4,8,2,1,1;2,8)
	
	7.25
	119.70%

	[bookmark: _Hlk510007041][bookmark: OLE_LINK228]
	[bookmark: OLE_LINK307][bookmark: OLE_LINK308][bookmark: OLE_LINK131][bookmark: OLE_LINK41][bookmark: OLE_LINK50][bookmark: OLE_LINK63]TDD
15KHz SCS
	[bookmark: OLE_LINK64][bookmark: OLE_LINK65]Non-precoded CSI-RS  based 
	8T/2R, (8,4,2,1,1;1,4)
	
	7.91
	136.67%

	
	
	
	16T/2R, (4,8,2,1,1;1,8)
	
	11.22
	240.00%

	
	
	
	32T/2R, (4,8,2,1,1;2,8)
	
	[bookmark: OLE_LINK30]11.74
	[bookmark: OLE_LINK29]255.76%

	
	
	Precoded CSI-RS  based
	8T/2R, (8,4,2,1,1;1,4)
	
	7.60
	130.30%

	
	
	
	16T/2R, (4,8,2,1,1;1,8)
	
	10.84
	228.48%

	
	
	
	32T/2R, (4,8,2,1,1;2,8)
	
	11.68
	253.94%

	Rural-eMBB
 Config. B, 4GHz,
RMa-B
	FDD
15KHz SCS
	Non-precoded CSI-RS  based
	8T/4R, (8,4,2,1,1;1,4)
	
	5.73
	73.64%

	
	
	
	16T/4R, (8,8,2,1,1;1,8)
	
	9.22
	179.39%

	
	
	
	32T/4R, (8,8,2,1,1;2,8)
	
	10.72
	224.85%

	
	TDD
15KHz SCS
	Non-precoded CSI-RS  based
	8T/4R, (8,4,2,1,1;1,4)
	
	8.91
	170.00%

	
	
	
	16T/4R, (8,8,2,1,1;1,8)
	
	13.76
	316.97%

	
	
	
	32T/4R, (8,8,2,1,1;2,8)
	
	15.46
	368.48%

	[bookmark: _Hlk521067289]
	
	
Precoded CSI-RS  based
	8T/4R, (8,4,2,1,1;1,4)
	
	8.64
	161.82%

	
	
	
	16T/4R, (8,8,2,1,1;1,8)
	
	13.38
	305.45%

	
	
	
	32T/4R, (8,8,2,1,1;2,8)
	
	15.34
	364.85%



Table 2 DL 5th percentile spectral efficiency evaluation (Rural-eMBB)
	Test environment
	Duplex scheme
	DL CSI measurement
	TRxP and UE antenna Config.
(M,N,P,Mg,Ng; Mp,Np)
	Requirement 
(bit/s/Hz)
	SEuser 
(bit/s/Hz)
	Gain

	[bookmark: OLE_LINK49]Rural-eMBB
 Config. A, 700MHz,
RMa-B
	FDD
15KHz SCS
	Non-precoded CSI-RS  based 
	16T/2R, (4,8,2,1,1;1,8)
	0.12
	0.17
	41.67%

	
	
	
	32T/2R, (4,8,2,1,1;2,8)
	
	0.19
	58.33%

	
	TDD
15KHz SCS
	Non-precoded CSI-RS  based 
	8T/2R, (8,4,2,1,1;1,4)
	
	0.19
	58.33%

	
	
	
	16T/2R, (4,8,2,1,1;1,8)
	
	0.29
	141.67%

	
	
	
	32T/2R, (4,8,2,1,1;2,8)
	
	0.30
	[bookmark: OLE_LINK40][bookmark: OLE_LINK66]150.00%

	
	
	Precoded CSI-RS  based
	8T/2R, (8,4,2,1,1;1,4)
	
	[bookmark: OLE_LINK67][bookmark: OLE_LINK68]0.18
	50.00%

	
	
	
	16T/2R, (4,8,2,1,1;1,8)
	
	0.27
	125.00%

	
	
	
	32T/2R, (4,8,2,1,1;2,8)
	
	0.30
	150.00%

	[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Rural-eMBB
 Config. B, 4GHz,
RMa-B
	FDD
15KHz SCS
	Non-precoded CSI-RS  based
	8T/4R, (8,4,2,1,1;1,4)
	
	0.16
	33.33%

	
	
	
	16T/4R, (8,8,2,1,1;1,8)
	
	0.26
	116.67%

	
	
	
	32T/4R, (8,8,2,1,1;2,8)
	
	0.35
	191.67%

	
	TDD
15KHz SCS
	Non-precoded CSI-RS  based
	8T/4R, (8,4,2,1,1;1,4)
	
	0.23
	91.67%

	
	
	
	16T/4R, (8,8,2,1,1;1,8)
	
	0.36
	200.00%

	
	
	
	32T/4R, (8,8,2,1,1;2,8)
	
	0.53
	341.67%

	
	
	
Precoded CSI-RS  based
	8T/4R, (8,4,2,1,1;1,4)
	
	0.22
	91.67%

	
	
	
	16T/4R, (8,8,2,1,1;1,8)
	
	0.35
	191.67%

	
	
	
	32T/4R, (8,8,2,1,1;2,8)
	
	0.53
	341.67%



[bookmark: OLE_LINK518][bookmark: OLE_LINK519][bookmark: OLE_LINK520][bookmark: OLE_LINK504][bookmark: OLE_LINK505][bookmark: OLE_LINK384][bookmark: OLE_LINK385][bookmark: OLE_LINK388][bookmark: OLE_LINK245][bookmark: OLE_LINK246][bookmark: OLE_LINK320][bookmark: OLE_LINK321]Observation 1: For both 700MHz and 4GHz, LTE can fulfill the DL spectral efficiency requirements for the Rural-eMBB test environment in both TDD and FDD mode. 
Uplink evaluation results
LTE results are evaluated with TDD and FDD respectively. As general assumption, SU-MIMO with non-precoded SRS is configured. DFT-s-OFDM is assumed for both FDD and TDD. Non-ideal channel estimation and non-ideal interference estimation are modeled. The initial evaluation results for UL average spectral efficiency and UL 5th percentile spectral efficiency under Rural-eMBB are provided in Table 3 and Table 4. From the evaluation results, it can be observed that LTE can satisfy ITU Rural-eMBB requirement.
[bookmark: OLE_LINK516][bookmark: OLE_LINK517]Table 3 UL average spectral efficiency evaluation (Rural-eMBB at 700MHz)
	Test environment
	Duplex scheme
	TxRU configuration(No. at transmitter/receiver, configuration at receiver)
	Element configuration(No. at transmitter/receiver, configuration at receiver)
	Requirement (bit/s/Hz/TRxP)
	SEavg (bit/s/Hz/TRxP)
	Gain

	Rural-eMBB
Config. A, 700 MHz,
RMa-B
	FDD
	2T/8R, (1,4,2,1,1)
	2Tx/64Rx, (8,4,2,1,1)
	1.6
	4.29
	167.9%

	[bookmark: _Hlk505859723][bookmark: OLE_LINK491]
	[bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK61]TDD,15KHz SCS
	2T/8R, (1,4,2,1,1)
	2Tx/64Rx, (8,4,2,1,1)
	
	3.80
	137.7%


Table 4 UL 5th percentile spectral efficiency evaluation (Rural-eMBB at 700MHz)
	Test environment
	Duplex scheme
	TxRU configuration(No. at transmitter/receiver, configuration at receiver)
	Element configuration(No. at transmitter/receiver, configuration at receiver)
	Requirement 
(bit/s/Hz)
	SEuser 
(bit/s/Hz)
	Gain

	[bookmark: _Hlk506220783]Rural-eMBB
Config. A, 700 MHz,
RMa-B
	FDD
	2T/8R, (1,4,2,1,1)
	2Tx/64Rx, (8,4,2,1,1)
	0.045
	0.201
	346.4%

	
	TDD,15KHz SCS
	2T/8R, (1,4,2,1,1)
	2Tx/64Rx, (8,4,2,1,1)
	
	0.133
	195.4%


[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK524][bookmark: OLE_LINK525][bookmark: OLE_LINK526][bookmark: OLE_LINK389][bookmark: OLE_LINK153][bookmark: OLE_LINK154][bookmark: OLE_LINK305][bookmark: OLE_LINK306]Observation 2: For 700MHz, LTE can fulfill the UL spectral efficiency requirements for the Rural-eMBB test environment in both FDD and TDD mode.
Conclusion
In this contribution, we provide our preliminary LTE evaluation results of Rural-eMBB, we have the following observation:
Observation 1: For both 700MHz and 4GHz, LTE can fulfill the DL spectral efficiency requirements for the Rural-eMBB test environment in both TDD and FDD mode. 
Observation 2: For 700MHz, LTE can fulfill the UL spectral efficiency requirements for the Rural-eMBB test environment in both FDD and TDD mode.
[bookmark: _Ref427008671][bookmark: _Ref427135890]References
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Annex: Evaluation assumptions
In this contribution, the evaluation assumptions for Rural-eMBB are provided in the following table. 
[bookmark: OLE_LINK527][bookmark: OLE_LINK528]Table A-1 Evaluation assumptions for DL and UL
	[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
	FDD: 10M+10M
TDD: 20M
	FDD: 10M+10M
TDD: 20M

	[bookmark: OLE_LINK290][bookmark: OLE_LINK291][bookmark: _Hlk505613334]Slots structure
	[bookmark: OLE_LINK148][bookmark: OLE_LINK149][bookmark: OLE_LINK150][bookmark: OLE_LINK159][bookmark: OLE_LINK252][bookmark: OLE_LINK253][bookmark: OLE_LINK292]FDD: paired spectrum, DL + UL
TDD: unpaired spectrum, DSUUD
	FDD: paired spectrum, DL + UL
TDD: unpaired spectrum, DSUUD

	Subcarrier spacing
	15KHz
	15KHz

	Symbols number per subframe
	14
	14

	BS antenna height
	35 m
	35 m

	Total transmit power per TRxP
	FDD: 46 dBm
TDD: 49 dBm
	FDD: 46 dBm
TDD: 49 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]64 Tx/Rx, (M,N,P,Mg,Ng) = (2,8,2,1,1),
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][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
	[bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK31]64 Tx/Rx, (M,N,P,Mg,Ng) = (8,4,2,1,1)
128 17s document, we ution that in [] Tx/Rx, (M,N,P,Mg,Ng) = (8,8,2,1,1),
 (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)
[bookmark: OLE_LINK328][bookmark: OLE_LINK329][bookmark: OLE_LINK330][bookmark: OLE_LINK331]16TXRU, (Mp,Np,P,Mg,Ng) = (1,8,2,1,1)
[bookmark: OLE_LINK34][bookmark: OLE_LINK35]32TXRU, (Mp,Np,P,Mg,Ng) = (2,8,2,1,1)
	8TXRU, (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)
16TXRU, (Mp,Np,P,Mg,Ng) = (1,8,2,1,1)
32TXRU, (Mp,Np,P,Mg,Ng) = (2,8,2,1,1)

	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
	4Tx/Rx, (M,N,P,Mg,Ng) = (1,2,2,1,1)

0°,90° polarization

	Number of TXRU per UE
	[bookmark: OLE_LINK334][bookmark: OLE_LINK335][bookmark: OLE_LINK336]2TXRU (1-to-1 mapping)
	4TXRU (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/MU-MIMO
	[bookmark: OLE_LINK225][bookmark: OLE_LINK226]SU/MU MIMO

	scheduler
	PF
	PF

	Receiver
	MMSE-IRC
	MMSE-IRC

	DL CSI feedback
	10ms period with delay
	10ms period with delay

	DL CSI method
	FDD: advanced CSI codebook based
TDD: SRS and Non-Precoded / Precoded CSI-RS based channel reciprocity
	FDD: advanced CSI codebook based
TDD: SRS and Non-Precoded / Precoded CSI-RS based channel reciprocity

	Advanced CSI codebook parameters
	[bookmark: OLE_LINK346]2 beam basis, WB+SB and 4PSK quantification
	2 beam basis, WB+SB and 4PSK quantification

	HARQ ACK delay
	[bookmark: OLE_LINK78][bookmark: OLE_LINK79][bookmark: OLE_LINK80]Refer to TR 36.213
	Refer to TR 36.213

	HARQ retransmission delay
	[bookmark: OLE_LINK81][bookmark: OLE_LINK82]the next available DL subframe after ACK report
	the next available DL subframe after ACK report

	Channel estimation
	[bookmark: OLE_LINK120][bookmark: OLE_LINK121][bookmark: OLE_LINK83][bookmark: OLE_LINK84]Non-ideal
	Non-ideal

	Interference estimation
	Non-ideal
	Non-ideal

	UE precoder scheme
	Codebook based for FDD;
Non-codebook based for TDD.
	--

	UL CSI derivation
	SRS based with delay
	--

	UL Waveform
	DFT-s-FDMA
	--

	IoT
	<10dB
	--

	Overhead
	[bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK85][bookmark: OLE_LINK86]Refer to our companion contribution [4]
	Refer to our companion contribution [4]



