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Introduction
[bookmark: OLE_LINK156][bookmark: OLE_LINK157][bookmark: OLE_LINK451][bookmark: OLE_LINK452][bookmark: OLE_LINK453][bookmark: OLE_LINK70][bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK77][bookmark: OLE_LINK87]At RAN#75 meeting, 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. At RAN#81 meeting, the preliminary self evaluation results of 5G are provided [2] and the evaluation results are captured in TR 37.910[3]. For the spectrum efficiency evaluation in Indoor Hotspot-eMBB, only the NR spectrum efficiency evaluation results are provided. Remaining open issues include [4]:
The evaluation results for eMBB spectral efficiency with ideal channel estimation need to be updated with realistic channel estimation. The LTE part evaluation is to be provided in the test environments not yet evaluated (i.e. other than Rural – eMBB and Urban Macro – mMTC). Further clarification of evaluation assumptions e.g. interference error modeling is needed.
In this document, the evaluation results of channel model B on the spectral efficiencies in Indoor Hotspot-eMBB based on Rel-15 LTE are supplemented based on our contribution [5] of meeting #96bis. 
[bookmark: OLE_LINK168][bookmark: OLE_LINK169][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16]The key minimum technical performance requirements are provided in Report ITU‑R M.2410 [6] for the test environment of Indoor Hotspot-eMBB.
TABLE 1
5th percentile user spectral efficiency
	Test environment
	Downlink 
(bit/s/Hz)
	Uplink 
(bit/s/Hz)

	Indoor Hotspot – eMBB
	0.3
	0.21



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

	Indoor Hotspot – eMBB
	9
	6.75


[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_LINK369][bookmark: OLE_LINK370][bookmark: OLE_LINK371][bookmark: OLE_LINK372]In this section, we provide our considerations of LTE technical parameters and overhead for evaluation.
Technical parameters
[bookmark: OLE_LINK260][bookmark: OLE_LINK261][bookmark: OLE_LINK262][bookmark: OLE_LINK265][bookmark: OLE_LINK266][bookmark: OLE_LINK267][bookmark: OLE_LINK263][bookmark: OLE_LINK264]In [3] and [7], the NR technical parameters for evaluation are provided. In this section, we provide our considerations of LTE technical parameters for evaluation for both DL and UL. And more detailed evaluation assumptions can be found in Table A-1.
[bookmark: OLE_LINK288][bookmark: OLE_LINK289][bookmark: OLE_LINK290][bookmark: OLE_LINK303][bookmark: OLE_LINK291][bookmark: OLE_LINK292][bookmark: OLE_LINK293][bookmark: OLE_LINK259]The considerations of technical parameters for DL FDD are shown in Table 1. 
[bookmark: _Ref506379901][bookmark: OLE_LINK244]Table 1 LTE parameters for DL FDD evaluation
	DL FDD – FR1
	LTE

	Waveform
	OFDM based

	Multiple access
	OFDMA

	Modulation
	Up to 256QAM

	Coding on PDSCH
	Turbo, Max code-block size=6144 bit

	[bookmark: _Hlk1119615]Numerology
	subframe
	14 OFDM symbol per subframe

	
	SCS
	15kHz

	[bookmark: _Hlk1119648]Number of RBs
	50

	Simulation bandwidth
	10 MHz

	Frame structure
	All DL
6 MBSFN subframes are assumed

	MIMO
	Transmission mode
	Closed loop SU/MU-MIMO adaptation

	
	Codebook
	LTE advanced CSI codebook
Detailed configuration to be reported

	
	PRB bundling
	3PRB
(It impacts DMRS channel estimation, but does not limit the scheduling unit.)

	
	MU dimension
	Up to 8 layer (considering up to 8 orthogonal DMRS ports)

	
	SU dimension
	Rank adaptation up to 8 layers (depending on UE antenna elements)

	
	Codeword (CW)-to-layer mapping
	For 1 layers, CW1;
For 2 layers or more, two CWs

	
	DMRS transmission for overhead
	DMRS pattern according to TS36.211

	
	CSI-RS transmission
	Non-precoded according to CSI measurement and interference measurement

	
	CSI feedback
	Subband based (PUSCH 3-2)

	
	Interference measurement
	SU-CQI

	HARQ
	ACK/NACK delay
	According to TS36.213

	
	Re-transmission delay
	8ms



The considerations of technical parameters for DL TDD are shown in Table 2. It is noted that the parameters that share the same value as in Table 1 (LTE FDD table) is not shown.
[bookmark: _Ref506379959]Table 2 LTE parameters for DL TDD evaluation
	DL TDD – FR1
	LTE

	Number of RBs
	100

	Simulation bandwidth 
	20 MHz 

	Frame structure 
	DSUUD, S is 11DL:1GP:2UL
MBSFN subframes are assumed.

	MIMO
	PRB bundling
	2PRB
· (It impacts DMRS channel estimation, but does not limit the scheduling unit.)

	
	Downlink CSI measurement
	· SRS and CSI-RS based
· Option A: Precoded CSI-RS based
· Option B: Non-precoded CSI-RS based

	
	SRS transmission
	· Non-precoded SRS
· 1/2/4 SRS ports
SRS estimation error model shown in R1-145389 can be used as starting point.

	HARQ
	Re-transmission delay
	The re-transmission delay is according to the UL/DL configurations, the minimum RTT is 8ms.



The considerations of technical parameters for UL FDD are shown in Table 3.
[bookmark: _Ref506381633]Table 3 LTE parameters for UL FDD evaluation
	UL FDD – FR1
	LTE

	Waveform 
	DFT-s-FDMA based 

	Multiple access 
	SC-FDMA

	Modulation 
	Up to 256QAM 

	[bookmark: _Hlk1119905]Coding on PUSCH 
	Turbo, Max code-block size=6144 bit

	Numerology 
	subframe 
	14 OFDM symbol per subframe

	
	SCS 
	15kHz 

	Number of RBs
	50

	Simulation bandwidth 
	10 MHz 

	Frame structure 
	All UL

	MIMO 
	Transmission scheme 
	UL codebook based SU-MIMO

	
	UL Codebook 
	LTE 2Tx/4Tx codebook 

	
	SU dimension 
	Rank adaptation up to 4 layers depending on UE antenna

	
	Codeword (CW)-to-layer mapping 
	For 1 layers, CW1;
For 2 layers or more, two CWs

	
	DMRS transmission for overhead
	DMRS pattern according to TS36.211

	
	SRS transmission 
	Non-precoded

	HARQ 
	Delay of DCI and PUSCH
	According to TS36.213

	
	Re-transmission delay
	8ms

	Power control schemes
	Open loop power control according to TS36.213



The considerations of technical parameters for UL TDD are shown in Table 4. It is noted that the parameters that share the same value as in Table 3(LTE FDD table) is not shown.
[bookmark: _Ref506382214]Table 4 LTE parameters for UL TDD evaluation 
	UL TDD – FR1
	LTE

	RB number 
	100 

	Simulation bandwidth 
	20 MHz 

	Frame structure 
	DSUUD, S is 11DL:1GP:2UL

	HARQ
	Re-transmission delay
	The re-transmission delay is according to the UL/DL configurations, the minimum RTT is 8ms.


Overhead
[bookmark: OLE_LINK107][bookmark: OLE_LINK108][bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK75][bookmark: OLE_LINK178][bookmark: OLE_LINK179]Downlink overhead
[bookmark: OLE_LINK186]The calculation of overhead for downlink spectral efficiency evaluation should take into account the configuration of the PSS/SSS, PBCH, PDCCH, DM-RS, CSI-RS and CRS. In additional, the MBSFN subframes can be considered to decrease the overhead of CRS. Some reasonable options of downlink overhead parameters are listed in Table 5 and 6. 
Table 5 Recommended options of DL overhead assumption parameter values for LTE
	
	FR1

	PSS/SSS
	[bookmark: OLE_LINK210][bookmark: OLE_LINK211]288 REs/10ms

	PBCH
	288 REs/10ms

	PDCCH
	2 OFDM symbols per subframe

	DM-RS
	[bookmark: OLE_LINK189]12 REs/PRB, ports {7,8,11,13}

	CSI-RS for channel measurement
	Non-precoded CSI-RS: 8,16,32 CSI-RS ports with periodicity of 10 subframe
Precoded CSI-RS: 4 CSI-RS ports per UE with periodicity of 10 subframe

	CRS
	4 ports

	MBSFN configurations
	MBSFN subframes
· [bookmark: OLE_LINK9][bookmark: OLE_LINK10]FDD: #1, #2, #3, #6, #7, and #8 subframe can be configured to be MBSFN subframe, 6 MBSFN subframes in 10ms
· TDD: #3, #4, #7, #8, and #9 subframe can be configured to be MBSFN subframe, for the DSUUD frame configurations, 2 MBSFN subframes in 10ms.
The non-MBSFN regin in the MBSFN subframe is 2 OFDM symbols

	[bookmark: _Hlk536532993]GP
	1 OS for DL,1 OS for UL


Table 6 Detailed DL overhead assumption parameters values for FR1 for LTE
	Assumption parameters
	OH value (%)

	DMRS
	CSI-RS
	CRS
	PSS/SSS
	PBCH
	PDCCH
	FDD
	TDD

	12REs/ subframe
	8ports,10ms
	[bookmark: OLE_LINK212][bookmark: OLE_LINK213]- 16REs/ subframes for FDD and TDD normal subframes
- 12REs/ subframe for DwPTS
- 0REs in MBSFN subframes
	288 REs/10ms
	288 REs/10ms
	2OS
	26.400
	31.409

	
	16ports,10ms
	
	
	
	
	26.876
	32.253

	
	32ports,10ms
	
	
	
	
	27.829
	33.941

	
	40ports,10ms
	
	
	
	
	/
	34.785


Uplink overhead
The calculation of overhead for uplink spectral efficiency evaluation should take into account the PUCCH, SRS and DM-RS. The reasonable options of uplink overhead parameters are listed in Table 7 and 8.
Table 7 Recommended options of UL overhead assumption parameter values for LTE
	
	FR1

	PUCCH
	FDD: 2PRB pairs with 9 subframes and 4 PRB pair with 1 subframe 
TDD: 2PRB pairs with 3 subframes and 4 PRB pair with 1 subframe

	SRS
	FDD: 1 complete symbols with 5ms period
TDD: 2 complete symbols in UpPTS with 5ms period

	DM-RS
	[bookmark: OLE_LINK226][bookmark: OLE_LINK227]24REs/ subframe

	GP
	1 OS for DL,1 OS for UL


Table 8 Detailed UL overhead assumption parameter values for FR1 for LTE
	Assumption parameters
	OH value (%)

	DM-RS
	SRS
	PUCCH
	

	FDD (10MHz, 15KHz SCS, 50RB)

	24REs/subframe
	12*(50-2)*2 REs/10ms
	(12*14*2*9+12*14*4) REs
	20.057

	TDD (20MHz, 15KHz SCS, 100RB)

	24REs/subframe
	12*2*100*2 REs/10ms
	(12*14*2*3+12*14*4) REs
	23.607


[bookmark: _GoBack]Evaluation results
[bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK115][bookmark: OLE_LINK116][bookmark: OLE_LINK238][bookmark: OLE_LINK239][bookmark: OLE_LINK327][bookmark: OLE_LINK328][bookmark: OLE_LINK329][bookmark: OLE_LINK330]The preliminary evaluation results for average spectral efficiency and 5th percentile spectral efficiency in Indoor Hotspot-eMBB based on Rel-15 LTE are provided. 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
[bookmark: OLE_LINK32][bookmark: OLE_LINK41]The preliminary evaluation results for DL average spectral efficiency and DL 5th percentile spectral efficiency on LTE in Indoor Hotspot -eMBB are provided in Table 9 and Table 10. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK58][bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK76][bookmark: OLE_LINK97][bookmark: OLE_LINK142][bookmark: OLE_LINK147][bookmark: OLE_LINK1]Table 9 Initial DL average spectral efficiency evaluation for 12 TRxPs
	[bookmark: OLE_LINK348][bookmark: OLE_LINK349][bookmark: OLE_LINK35][bookmark: OLE_LINK40]Test environment
	Duplex scheme
	[bookmark: OLE_LINK106]DL CSI measurement
	[bookmark: OLE_LINK103][bookmark: OLE_LINK105]TRxP and UE antenna Config.
(M,N,P,Mg,Ng;Mp,Np) at TRxPs
	Require-
ment
	SEavg
	Gain
(%)

	
	
	
	
	(bit/s/Hz/TRxP)
	

	[bookmark: _Hlk521054871][bookmark: _Hlk521487332]12 TRxPs Config. A, 4GHz
InH-A
	FDD
	[bookmark: OLE_LINK130][bookmark: OLE_LINK131]Non-precoded CSI-RS  based
	[bookmark: OLE_LINK250][bookmark: OLE_LINK251][bookmark: OLE_LINK333][bookmark: OLE_LINK336][bookmark: OLE_LINK337][bookmark: OLE_LINK340]32T/4R, (4,4,2,1,1;4,4)
	9
	9.81
	9.00%

	
	[bookmark: OLE_LINK7][bookmark: OLE_LINK25]TDD
DSUUD
	SRS and Non-precoded CSI-RS  based
	32T/4R, (4,4,2,1,1;4,4)
	
	11.81
	31.22%

	[bookmark: _Hlk521600089]
	
	SRS and Precoded CSI-RS  based
	32T/4R, (4,4,2,1,1;4,4)
	
	11.76
	30.67%

	12 TRxPs Config. A, 4GHz
InH-B
	FDD
	Non-precoded CSI-RS  based
	32T/4R, (4,4,2,1,1;4,4)
	
	9.86
	9.56%

	
	TDD
DSUUD
	SRS and Non-precoded CSI-RS  based
	32T/4R, (4,4,2,1,1;4,4)
	
	11.88
	32.00%

	
	
	SRS and Precoded CSI-RS  based
	32T/4R, (4,4,2,1,1;4,4)
	
	11.78
	30.89%


[bookmark: OLE_LINK104][bookmark: OLE_LINK111][bookmark: OLE_LINK151][bookmark: OLE_LINK152][bookmark: OLE_LINK86]Table 10 Initial DL 5th percentile spectral efficiency evaluation for 12 TRxPs
	Test environment
	Duplex scheme
	DL CSI measurement
	TRxP and UE antenna Config.
(M,N,P,Mg,Ng;Mp,Np) at TRxPs
	Require-
ment
	SEuser
	Gain
(%)

	
	
	
	
	(bit/s/Hz)
	

	[bookmark: _Hlk4574964]12 TRxPs Config. A, 4GHz
InH-A
	FDD
	Non-precoded CSI-RS  based
	32T/4R, (4,4,2,1,1;4,4)
	0.3
	0.35
	16.67%

	
	TDD
DSUUD
	SRS and Non-precoded CSI-RS  based
	32T/4R, (4,4,2,1,1;4,4)
	
	0.42
	40.00%

	
	
	SRS and Precoded CSI-RS  based
	32T/4R, (4,4,2,1,1;4,4)
	
	0.40
	33.33%

	12 TRxPs Config. A, 4GHz
InH-B
	FDD
	Non-precoded CSI-RS  based
	32T/4R, (4,4,2,1,1;4,4)
	
	0.35
	16.67%

	
	TDD
DSUUD
	SRS and Non-precoded CSI-RS  based
	32T/4R, (4,4,2,1,1;4,4)
	
	0.41
	36.67%

	
	
	SRS and Precoded CSI-RS  based
	32T/4R, (4,4,2,1,1;4,4)
	
	0.39
	30.00%



[bookmark: OLE_LINK51][bookmark: OLE_LINK366][bookmark: OLE_LINK367][bookmark: OLE_LINK368][bookmark: OLE_LINK504][bookmark: OLE_LINK505][bookmark: OLE_LINK384][bookmark: OLE_LINK385][bookmark: OLE_LINK388][bookmark: OLE_LINK245][bookmark: OLE_LINK246][bookmark: OLE_LINK95][bookmark: OLE_LINK436][bookmark: OLE_LINK435][bookmark: OLE_LINK434]Observation 1: For 12 TRxPs topology with sub 6 GHz, LTE can fulfill the DL spectral efficiency requirements for the Indoor Hotspot-eMBB test environment in both TDD and FDD mode.
Uplink evaluation results
[bookmark: OLE_LINK153][bookmark: OLE_LINK154][bookmark: OLE_LINK305][bookmark: OLE_LINK306]The preliminary evaluation results for UL average spectral efficiency and UL 5th percentile spectral efficiency on LTE in Indoor Hotspot -eMBB are provided in Table 11 and Table 12. 
Table 11 Initial UL average spectral efficiency evaluation for 12 TRxPs
	Test environment
	Duplex scheme
	UL CSI measurement
	TRxP and UE antenna Config.
(M,N,P,Mg,Ng;Mp,Np) at TRxPs
	Require-
ment
	SEavg
	Gain
(%)

	
	
	
	
	(bit/s/Hz/TRxP)
	

	12 TRxPs Config. A, 4GHz
InH-A
	FDD
	Codebook-based
	4T/32R, (4,4,2,1,1;4,4)
	6.75
	8.47
	25.53%

	
	TDD
DSUUD
	Codebook-based
	4T/32R, (4,4,2,1,1;4,4)
	
	8.05
	19.25%

	12 TRxPs Config. A, 4GHz
InH-B
	FDD
	Codebook-based
	4T/32R, (4,4,2,1,1;4,4)
	
	7.96
	17.93%

	
	TDD
DSUUD
	Codebook-based
	4T/32R, (4,4,2,1,1;4,4)
	
	7.74
	14.67%


Table 12 Initial UL 5th percentile spectral efficiency evaluation for 12 TRxPs
	Test environment
	Duplex scheme
	UL CSI measurement
	TRxP and UE antenna Config.
(M,N,P,Mg,Ng;Mp,Np) at TRxPs
	Require-
ment
	SEuser
	Gain
(%)

	
	
	
	
	(bit/s/Hz)
	

	12 TRxPs Config. A, 4GHz
InH-A
	FDD
	Codebook-based
	4T/32R, (4,4,2,1,1;4,4)
	0.21
	0.51
	144.51%

	
	TDD
DSUUD
	Codebook-based
	4T/32R, (4,4,2,1,1;4,4)
	
	0.54
	154.85%

	12 TRxPs Config. A, 4GHz
InH-B
	FDD
	Codebook-based
	4T/32R, (4,4,2,1,1;4,4)
	
	0.49
	133.33%

	
	TDD
DSUUD
	Codebook-based
	4T/32R, (4,4,2,1,1;4,4)
	
	0.49
	133.33%



[bookmark: OLE_LINK31][bookmark: OLE_LINK42]Observation 2: For 12 TRxPs topology with sub 6 GHz, LTE can fulfill the UL spectral efficiency requirements for the Indoor Hotspot-eMBB test environment in both TDD and FDD mode.
Conclusion
In this contribution, we provide our considerations of LTE technical parameters and overhead for evaluation. Also the preliminary LTE evaluation results of Indoor hotspot-eMBB are provided. We have the following observations:
Observation 1: For 12 TRxPs topology with sub 6 GHz, LTE can fulfill the DL spectral efficiency requirements for the Indoor Hotspot-eMBB test environment in both TDD and FDD mode.
Observation 2: For 12 TRxPs topology with sub 6 GHz, LTE can fulfill the UL spectral efficiency requirements for the Indoor Hotspot-eMBB test environment in both TDD and FDD mode.
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Annex: Evaluation assumptions
In this contribution, the evaluation assumptions for Indoor hotspot-eMBB are provided in the following table. 
[bookmark: OLE_LINK527][bookmark: OLE_LINK528]Table A-1 Evaluation assumptions for DL and UL
	Indoor Hotspot - eMBB
	[bookmark: OLE_LINK233][bookmark: OLE_LINK234]Config. A

	Carrier frequency for evaluation
	4 GHz

	Simulation bandwidth
	[bookmark: _Hlk503186383]FDD: 10M+10M
TDD: 20M

	[bookmark: _Hlk505609006]Slots structure
	[bookmark: OLE_LINK148][bookmark: OLE_LINK149][bookmark: OLE_LINK150][bookmark: OLE_LINK159]FDD: paired spectrum, DL + UL
TDD: unpaired spectrum, DSUUD

	Subcarrier spacing
	15KHz

	Symbols number per slot
	14

	BS antenna height
	3 m

	Total transmit power per TRxP
	FDD: 21 dBm
TDD: 24 dBm

	UE power class
	23 dBm

	Inter-site distance
	20m

	TRxP number per site
	1

	Mechanic tilt 
	180° in GCS 

	Electronic tilt
	90° in LCS

	Antenna configuration at TRxP
	[bookmark: OLE_LINK235][bookmark: OLE_LINK237][bookmark: OLE_LINK240][bookmark: OLE_LINK109][bookmark: OLE_LINK112](M,N,P,Mg,Ng; Mp,Np) = (4,4,2,1,1; 4,4)
[bookmark: OLE_LINK323][bookmark: OLE_LINK324](dH,dV) = (0.5, 0.5)λ
+45°, -45° polarization

	Antenna configuration at UE
	[bookmark: OLE_LINK334][bookmark: OLE_LINK335](M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,2), 
(dH,dV) = (0.5, N/A)λ
0°,90° polarization

	UE speeds of interest
	[bookmark: OLE_LINK236]3 km/h

	BS noise figure
	5 dB

	UE noise figure
	7 dB 

	BS antenna element gain
	5dBi 

	BS antenna element pattern
	See Table 10 in Report ITU‑R M.2412

	UE antenna element gain
	0 dBi

	UE antenna element pattern
	Omni-directional

	Thermal noise level
	-174 dBm/Hz

	Traffic model
	Full buffer 

	UE density
	10 UEs per TRxP

	UE antenna height
	1.5m

	Channel model variant
	[bookmark: OLE_LINK281][bookmark: OLE_LINK282]Channel model A and B

	UT attachment
	[bookmark: OLE_LINK338][bookmark: OLE_LINK339]Based on RSRP from port 0

	Wrapping around method
	No wrapping around

	Polarized antenna model
	Model-2 in TR36.873

	TX mode
	SU/MU-MIMO

	scheduler
	PF

	Receiver
	MMSE-IRC

	DL CSI feedback
	10ms period with delay

	DL CSI method
	FDD: LTE advanced CSI codebook based
TDD: SRS and non-precoded CSI-RS / precoded CSI-RS based channel reciprocity

	LTE Type II codebook parameters
	[bookmark: OLE_LINK346]2 beam basis, WB+SB and 4PSK quantification

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

	HARQ retransmission delay
	[bookmark: OLE_LINK283][bookmark: OLE_LINK284][bookmark: OLE_LINK285]The re-transmission delay is according to the UL/DL configurations, the minimum RTT is 8ms.

	Channel estimation
	[bookmark: OLE_LINK314][bookmark: OLE_LINK315]Non-ideal

	Interference estimation
	Non-ideal

	UE precoder scheme
	Codebook based for FDD and TDD

	UL CSI derivation
	SRS based with delay

	[bookmark: _Hlk503344422]UL waveform
	DFT-s-FDMA

	IoT
	<10dB



