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[bookmark: _GoBack]Introduction
[bookmark: _Ref129681832]According to 3GPP work plan on IMT-2020 submission, the final submission will be made in June 2019. More test environments or configurations for LTE can be evaluated for the final submission. In this contribution, the evaluation results for eMBB spectral efficiency (average and the 5th percentile user spectral efficiency) for LTE in Indoor Hotspot - eMBB test environment with configuration A are provided.
Evaluated technical features
The IMT-2020 eMBB spectral efficiency requirement is three times higher compared to IMT-Advanced. Therefore, it is a challenging requirement and the LTE features that could contribute to the improvement of spectral efficiency should be selected. 
On the other hand, it is recalled that for LTE-Advanced evaluation towards IMT-Advanced submission, the evaluation is basically applied based on duplexing schemes, i.e., to FDD and TDD, respectively. This is due to the fact that, duplexing scheme is one of the fundamental features among the other features that impact spectral efficiency performance. 
Spectral efficiency calculation for duplexing scheme
The spectral efficiency of different duplexing schemes can be calculated according to Report ITU-R M.2412. 
For DL average spectral efficiency and 5th percentile spectral efficiency,
· In case of FDD, the simulation bandwidth is 10 MHz for DL and 10 MHz for UL. The DL average spectral efficiency is given by 

									(1)
where W is the DL bandwidth of 10 MHz; Ri (T) denotes the number of correctly received bits of user i, and the overhead of DL control and DL reference signals on the DL bandwidth of 10 MHz is taken into account when deriving Ri (T); and T is the simulation time. Similar notations are applied to 5th percentile user spectral efficiency.
· For TDD, the simulation bandwidth is 20 MHz for DL and UL. The DL average spectral efficiency is given by (1), where W is the effective DL bandwidth that accounts for the time-frequency resource used for DL transmission (including GP symbols); Ri (T) denotes the number of correctly received bits of user i, and the overhead of DL control, DL reference signal on the DL effective bandwidth is taken into account; and T is the simulation time. Similar notations are applied to 5th percentile user spectral efficiency.
For UL average spectral efficiency and 5th percentile spectral efficiency, similar way is employed to derive the evaluation results for these two metrics.

Evaluation results
Based on the above discussion, evaluation results for average spectral efficiency and 5th percentile spectral efficiency is evaluated in Indoor Hotspot - eMBB test environment with configuration A. The detailed evaluation assumptions can be found in Appendix.
Spectral efficiency evaluation results
The detailed evaluation assumptions for LTE DL and UL spectral efficiency evaluation can be found in Appendix A.
DL spectral efficiency evaluation results
The DL spectral efficiency evaluation results for LTE are given in Table 1. 
TABLE 1 TDD DL spectral efficiency evaluation results
	Test env.
	Evaluation config.
	Channel model
	Average spectral efficiency 
(bit/s/Hz/TRxP)
	5th percentile spectral efficiency (bit/s/Hz)

	
	
	
	BW=20 MHz
	Req.
	BW=20 MHz
	Req.

	Indoor Hotspot
	Config. A (4 GHz);
64T2R
	A
	9.248
	9.0
	0.33
	0.3

	
	Config. A (4 GHz);
64T2R
	B
	9.61
	
	0.337
	


Observation 1: LTE can fulfill DL spectral efficiency requirements in Indoor Hotspot – eMBB test environment with configuration A.
UL spectral efficiency evaluation results
The UL spectral efficiency evaluation results for LTE are given in Table 2. 
TABLE 2 TDD UL spectral efficiency evaluation results
	Test env.
	Evaluation config.
	Channel model
	Average spectral efficiency 
(bit/s/Hz/TRxP)
	5th percentile spectral efficiency (bit/s/Hz)

	
	
	
	BW=20 MHz
	Req.
	BW=20 MHz
	Req.

	Indoor Hotspot
	Config. A (4 GHz);
64T2R
	A
	7.366
	6.75
	0.381
	0.21

	
	Config. A (4 GHz);
64T2R
	B
	7.425
	
	0.395
	


Observation 2: LTE can fulfill UL spectral efficiency requirements in Indoor Hotspot – eMBB test environment with configuration A.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
In this document, the evaluation of eMBB spectral efficiency for LTE is provided. Based on the evaluation, the following observations are made.
Observation 1: LTE can fulfill DL spectral efficiency requirements in Indoor Hotspot – eMBB test environment with configuration A.
Observation 2: LTE can fulfill UL spectral efficiency requirements in Indoor Hotspot – eMBB test environment with configuration A.
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Appendix A: Evaluation assumptions
Table A-1 Evaluation assumptions for LTE DL
	Parameter
	Value

	Test environment
	Indoor Hotspot – eMBB

	Evaluation configuration
	Configuration A

	Channel model
	InH_A/InH_B

	ISD
	20 m

	TDD frame structure
	DSUDD, S(10DL:2GP:2UL)

	Carrier Frequency
	4 GHz

	System bandwidth
	20 MHz 

	Subcarrier spacing
	15 kHz 

	Symbols number per slot
	14

	Number of antenna elements per TRxP
	256Tx cross-polarized antennas
(M,N,P,Mg,Ng) = (8,16,2,1,1; 4,8);

	Number of TXRU per TRxP
	32TXRU: Vertical 1-to-2, Horizontal 1-to-2

	Number of antenna elements per UE
	2Rx with 0°,90° polarization

	Transmit power per TRxP
	24 dBm

	TRxP number per site
	1

	Mechanic tilt
	180deg in GCS (pointing to the ground)

	Electronic tilt
	90deg in LCS

	UT attachment
	Based on RSRP (Eq. (8.1-1) in TR 36.873) from port 0

	Scheduling
	MU-PF

	ACK/NACK delay
	At least N+4

	MIMO mode
	MU-MIMO with rank 2 adaptation per user;
Maximum MU layer = 8

	Guard band ratio
	10%

	BS receiver type
	MMSE-IRC

	CSI feedback
	5 slots period based on beamformed CSI-RS with delay

	Overhead
	PDCCH
	2 complete symbols

	
	DMRS
	12 RE/PRB

	
	CSI-RS
	4 ports per UE per 5 slots

	
	CSI-RS for IM
	ZP CSI-RS with 5 slots period; 4 RE/PRB/5 slots

	
	CRS
	2 ports

	
	PSS/SSS
	288 REs per 10 ms

	
	PBCH
	240 REs per 10 ms

	
	MBSFN
	4 MBSFN in 10 subframes

	
	GP
	50% length of GP symbols

	Channel estimation
	Non-ideal

	Waveform
	OFDM



Table A-2 Evaluation assumptions for LTE UL
	Parameter
	Value

	Test environment
	Indoor Hotspot – eMBB

	Evaluation configuration
	Configuration A

	Channel model
	InH_A/InH_B

	ISD
	20 m

	Subcarrier spacing
	15 kHz

	TDD frame structure
	DSUDD, S(10DL:2GP:2UL)

	Symbols number per slot
	14

	Number of antenna elements per TRxP
	256Tx cross-polarized antennas
(M,N,P,Mg,Ng) = (8,16,2,1,1; 4,8);

	Number of TXRU per TRxP
	32TXRU: Vertical 1-to-2, Horizontal 1-to-2

	Number of antenna elements per UE
	2Rx with 0°,90° polarization

	UE power class
	23 dBm

	TRxP number per site
	1

	Mechanic tilt
	180deg in GCS (pointing to the ground)

	Electronic tilt
	90deg in LCS

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

	Scheduling
	SU-PF

	MIMO mode
	SU-MIMO with rank 2 adaptation;   

	Guard band ratio
	10%

	BS receiver type
	MMSE-IRC

	UE precoder scheme
	Codebook based

	UL CSI derivation
	Non-precoded SRS based, with delay

	Power control
	 dBm

	Power backoff model
	Continuous RB allocation: follow TS 36.101 in Section 6.2.3

	Overhead
	PUCCH
	4 RB, 14 OFDM symbols

	
	DMRS
	2 complete symbols

	
	SRS
	2 symbols per 5 slots

	
	GP
	50% length of GP symbols

	Channel estimation
	Non-ideal

	Waveform
	DFT-S-OFDM
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