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1. Introduction

  The IMT2020 self-evaluation results on FR1 eMBB spectral efficiency are updated at RAN#81 in Sept. 2018 in order to deliver the submission to ITU-R WP 5D#31 in Oct. 2018. The SI continues updating the evaluation results and aims at providing the final submission at RAN#84, and then to ITU-R WP 5D#32 in July 2019 [1]. In this contribution, the evaluation results and considerations of eMBB spectral efficiency in the fields of FR2 indoor hotspot are provided.

2. Considerations of Evaluation Methodology 

2.1 NR Precoding Matrix 
The UE with multiple panels in its antenna configurations is used to provide more spatial diversities to mitigate the effect of severe path loss in mmWave scenarios. However, the NR codebook only supports one-panel precoding matrixes. To keep the properties of uniform linear array in the DFT-based precoding matrix, we have to apply this matrix to one of the multiple panels to avoid the problem of beam aliasing. Beam aliasing is caused by an antenna structure with non-half wavelength distance between two antenna elements, and it will cause beamforming inefficiency and more interference to other radiation beams. Therefore, we have to select an antenna panel with the corresponding precoding matrix to maintain a radiation beam with desired directionality to compete the heavy path loss in mmWave environments.

2.2 Panel Selection
Panel selection is an important mechanism to optimize the utilization of resources, including power allocation and the transport blocks scheduled to the antenna ports. It is inefficient in system utilization if we allocate power and transport blocks onto an improper panel, with which radiation beam may not reach the receiver side or suffer from heavier path loss. Hence, we propose to select a panel in terms of the RSRP of SRS or channel capacity.
Proposal 1: Panel selection should be implemented in FR2 self evaluations to correctly elaborate the capability of NR precoding matrix.

3. Evaluation Results

The evaluation results of eMBB spectral efficiency in FR2 InH environments are provided in Table 3.1. In the DL cases, two carrier frequencies, 30 and 70GHz, are evaluated, and both the results can meet the ITU requirements. In the UL cases, the average and 5th percentile spectral efficiency also meet the ITU requirements. The evaluation assumptions are referred to [2] and the details can be found in Table 5-1 and Table 5-2 in the Appendix below.

Table 3.1 FDD DL spectral efficiency evaluation in different eMBB scenarios
	Test environment
	Evaluation
configuration
	Average spectral efficiency (bps/Hz/TRxP)
	5th percentile spectral efficiency (bps/Hz)

	
	
	ITU Req.
	Value
	ITU Req.
	Value

	DL Indoor Hotspot
	Configuration B 30GHz
	9
	12.69
	0.3
	0.408

	DL Indoor Hotspot
	Configuration C 70GHz
	9
	12.869
	0.3
	0.471

	UL Indoor Hotspot
	Configuration B 30GHz
	6.75
	10.17
	0.21
	0.405



Observation 1: NR can fulfill the spectral efficiency requirements in FR2 indoor hotspot scenarios.

4. Conclusion

In this document, the evaluation results of eMBB spectral efficiency for NR indoor hotspot cases in FR2 are provided. Based on the evaluation results, the following observation and proposal are summarized.
Observation 1: NR can fulfill the spectral efficiency requirements in FR2 indoor hotspot scenarios
Proposal 1: Panel selection should be implemented in FR2 self evaluations to correctly elaborate the capability of NR precoding matrix.

5. Appendix: Evaluation assumption

Table 5-1: Evaluation Assumptions for NR DL
	Parameter
	Values

	Test environment
	DL Indoor Hotspot – eMBB

	Evaluation configuration
	Configuration B
	Configuration C

	Channel model
	InH_B

	ISD
	20 m (12TRxP)

	Frame structure
	Full downlink

	Carrier Frequency
	30 GHz
	70 GHz

	System bandwidth
	80MHz

	Subcarrier spacing
	60 KHz

	Symbols number per slot
	14

	Number of antenna elements per TRxP
	32Tx cross-polarized antenna
(M,N,P,Mg,Ng) = (4,4,2,1,1)

	Number of TXRU per TRxP
	32TXRU

	Number of antenna elements per UE
	32Rx antennas with 0°/90° polarization
(M,N,P,Mg,Ng) = (2,4,2,1,2)

	Number of TXRU per UE
	8TXRU; Vertical 2-to-1, Horizontal 2-to-1

	Transmit power per TRxP
	FDD: 20 dBm

	TRxP number per site
	1

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

	Electronic tilt
	90 o in LCS

	Beam set at TRxP
	Azimuth angle φi = [0], Zenith angle θj = [pi/2]

	Beam set at UE
	Azimuth angle φi = [-3*pi/4, -pi/4, pi/4, 3*pi/4] 
Zenith angle θj = [0, pi/4, 2*pi/4, 3*pi/4]

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

	Scheduling
	MU-PF

	ACK/NACK delay
	Next available UL slot

	MIMO mode
	MU-MIMO with rank 2/4 adaptation per user; Maximum MU layer = 6

	Guard band ratio
	FDD: 5.5% (for 80 MHz)

	BS receiver type
	MMSE-IRC

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

	Precoder derivation
	FDD: NR Type II codebook based

	Overhead

	PDCCH
	2 complete symbols

	
	DMRS
	Type II, based on MU-layer (dynamic in simulation)

	
	CSI-RS
	32 ports per 10 slots

	
	SSB
	1 SSB per 20 ms

	
	TRS
	2 consecutive slots per 20ms, 1 port, 50PRB

	
	PTRS
	2port PT-RS, (L, K) = (1,4) ,L and K are time and frequency density

	Channel estimation
	Non-ideal

	Waveform
	OFDM



Table 5-2: Evaluation Assumptions for NR UL
	Parameter
	Value

	Test environment
	UL Indoor Hotspot – eMBB

	Evaluation configuration
	Configuration B

	Channel model
	InH_B

	Frame structure
	Full uplink

	Carrier Frequency
	30 GHz

	System bandwidth
	80MHz

	Subcarrier spacing
	60 KHz

	Symbols number per slot
	14

	Number of antenna elements per TRxP
	32Rx cross-polarized antenna
(M,N,P,Mg,Ng) = (4,4,2,1,1)

	Number of TXRU per TRxP
	32TXRU 

	Number of antenna elements per UE
	32Tx antenna with 0°,90° polarization
(M,N,P,Mg,Ng) = (2,4,2,1,2)

	Number of TXRU per UE
	8TXRU
Vertical 2-to-1, Horizontal 2-to-1

	UE power class
	23 dBm

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

	Electronic tilt
	90 o in LCS

	Beam set at TRxP
	Azimuth angle φi = [0], Zenith angle θj = [pi/2]

	Beam set at UE
	Azimuth angle φi = [-7*pi/8, -5*pi/8, -3*pi/8, -pi/8, pi/8, 3*pi/8, 5*pi/8 7*pi/8], Zenith angle θj = [0, pi/4, 2*pi/4, 3*pi/4]

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

	Scheduling
	SU-PF

	MIMO mode
	SU-MIMO with rank 4 adaptation 

	BS receiver type
	MMSE-IRC

	UE precoder scheme
	Codebook based

	UL CSI derivation
	Non-precoded SRS based, with delay

	Power control
	α= 0.8, P0 =-70 dBm

	RB allocation for Power backoff model
	Continuous: follow TS 38.101; Non-continuous: additional 2 RB reduction

	Overhead
	PUCCH
	2 RBs, 14 OFDM symbols

	
	DMRS
	Type II, 1 additional DMRS symbol, and no FDM with PUSCH

	
	SRS
	2 symbols per 5 slots, 8 RBs per symbol

	
	PTRS
	2port PT-RS, (L, K) = (1,4) ,L and K are time and frequency density

	Channel estimation
	Non-ideal

	Waveform
	OFDM
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