3GPP TSG RAN WG1 Meeting #94                   R1-1808862 
Gothenburg, Sweden, 20th – 24th, August 2018

Source: MediaTek Inc.
Title: Evaluation results and observations of UL spectral efficiency for IMT2020 self 
evaluation
Agenda Item: 7.2.7
Document for: Discussion 


1. Introduction
IMT2020 systems, being as new mobile systems for future IMT, are expected to have enhanced capabilities beyond those of IMT2000 and IMT-Advanced. The service capabilities of average spectral efficiency and 5th percentile spectral efficiency are two of the critical features, and need to be evaluated with the new radio interfaces to achieve the technique performance requirements addressed in ITU-R M.2410 [1]. To exploit and develop IMT2020 systems, a common understanding of the evaluation assumptions for different scenarios is described in ITU-R M2412 [2]. In this contribution, the evaluation results and observations, considering the summary of offline discussion [3], of eMBB UL spectral efficiency in dense urban, indoor hotspot and rural scenarios with FDD duplexing are provided.

2. Preliminary
2.1 Adoption of different MIMO modes 
Two MIMO modes, MU-MIMO and SU-MIMO, are considered in the evaluation of NR UL spectral efficiency. The rank that a UE can use on a single resource element is eventually bounded by the number of receiver antenna ports. If multiple UEs can be paired on the same resource element in terms of better spectral efficiency, the overall ranks gathered from these paired UEs will reveal better resource utilization and typically result in higher spectral efficiency. However, the paired multiple UEs do not decrease their UL transmitting power, and the increased inter-cell interference may cause more performance losses that dominate the benefits from better resource utilization. The observations of using SU-MIMO and MU-MIMO will be described in the evaluation section.

2.2 Overhead modeling
The resource utilization of reference signals, synchronization signal and the control channel should be considered in the evaluation of spectral efficiency. In this contribution, the UL overheads originated from the resource allocations for DMRS, SRS as well as PUCCH are considered as shown in Appendix. 

3. Evaluation result
The evaluation results of UL spectral efficiency in different eMBB environments are provided in Table 3.1. It is noted that the results in Table 3.1 are evaluated by using SU-MIMO mode, and they can fulfill the ITU requirements in all sub 6 GHz UL eMBB scenarios. On the other hand, in the UL evaluations with MU-MIMO scheme and high UE transmission power, it is observed that the inter-cell interferences are very large such that it causes failure UL transmissions in most cases and can’t meet ITU requirements eventually. The phenomenon will become more severe in the cell edge and it is a challenge to use MU-MIMO in the sub 6 GHz UL eMBB scenarios. The detailed evaluation assumptions can be found in the Appendix below.
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Table 3.1 FDD UL spectral efficiency evaluation in different eMBB scenarios
	Test environment
	Evaluation
configuration
	Average spectral efficiency (bps/Hz/TRxP)
	5th percentile spectral efficiency (bps/Hz)

	
	
	SU-MIMO
	ITU Req.
	SU-MIMO
	ITU Req.

	Dense Urban
	Configuration A 4GHz
	8.53
	5.4
	0.49
	0.15

	Indoor Hotspot
	Configuration A 4GHz
	8.56
	6.75
	0.57
	0.21

	Rural
	Configuration A 700MHz
	4.50
	1.6
	0.224
	0.045

	Rural
	Configuration C 700MHz
	4.06
	1.6
	0.096
	0.045



Observation 1: NR with sub 6 GHz can fulfill UL spectral efficiency requirements in all test environments.
Observation 2: SU-MIMO scheme is feasible for sub 6 GHz NR UL cases to meet the spectral efficiency requirements. 
Observation 3: Due to serious inter-cell interferences, it is a high challenge to use MU-MIMO in the sub 6 GHz UL eMBB scenarios to meet ITU spectral efficiency requirements.

4. Conclusion
In this document, the evaluation results of UL spectral efficiency for NR sub 6 GHz in all test environments are provided. Based on the evaluation results, the following observations are summarized.
Observation 1: NR with sub 6 GHz can fulfill UL spectral efficiency requirements in all test environments
Observation 2: SU-MIMO scheme is feasible for sub 6 GHz NR UL cases to meet the spectral efficiency requirements.
Observation 3: Due to serious inter-cell interferences, it is a high challenge to use MU-MIMO in the sub 6 GHz UL eMBB scenarios to meet ITU spectral efficiency requirements.

5. Appendix: Evaluation assumption
	Parameter
	Value

	Test environment
	Indoor Hotspot – eMBB
	Dense Urban – eMBB
	Rural - eMBB

	Evaluation configuration
	Configuration A
	Configuration A
	Configuration A
Configuration C

	Channel model
	InH_A
	UMa_A
	RMa_A

	Subcarrier spacing
	FDD: 15 kHz
	FDD: 15 kHz
	FDD: 15 kHz

	Symbols number per slot
	14
	14
	14

	Number of antenna elements per TRxP
	32Rx cross-polarized antenna (M,N,P,Mg,Ng) = (4,4,2,1,1)
	128Rx cross-polarized antenna (M,N,P,Mg,Ng) = (8,8,2,1,1)
	64Rx cross-polarized antenna (M,N,P,Mg,Ng) = (8,4,2,1,1)

	Number of TXRU per TRxP
	16TXRU 
Vertical 1-to-2
	16TXRU 
Vertical 1-to-8
	8TXRU 
Vertical 1-to-8

	Number of antenna elements per UE
	2Tx 
with 0°,90° polarization
	2Tx 
with 0°,90° polarization
	1Tx 

	UE power class
	23 dBm
	23 dBm
	23 dBm

	Mechanic tilt
	180deg in GCS (pointing to the ground)
	90deg in GCS 
(pointing to the horizontal direction)
	90deg in GCS (pointing to the horizontal direction)

	Electronic tilt
	90deg in LCS
	105deg in LCS
	100deg in LCS

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

	Scheduling
	SU-PF
	SU-PF
	SU-PF

	MIMO mode
	SU-MIMO with rank 2/4 adaptation 
	SU-MIMO with rank 2/4 adaptation
	SU-MIMO 

	BS receiver type
	MMSE-IRC
	MMSE-IRC
	MMSE-IRC

	UE precoder scheme
	Codebook based
	Codebook based
	Codebook based

	UL CSI derivation
	Non-precoded SRS based, with delay
	Non-precoded SRS based, with delay
	Non-precoded SRS based, with delay

	Power control
	α= 0.9, P0 =-86 dBm
	α= 0.6, P0 =-60 dBm
	α= 0.8, P0 =-76 dBm

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

	Overhead
	PUCCH
	2 RBs, 14 OFDM symbols
	2 RBs, 14 OFDM symbols
	2 RBs, 14 OFDM symbols

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

	
	SRS
	2 symbols per 5 slots,
8 RBs per symbol
	2 symbols per 5 slots,
8 RBs per symbol
	2 symbols per 5 slots,
8 RBs per symbol

	Channel estimation
	Non-ideal
	Non-ideal
	Non-ideal

	Waveform
	OFDM
	OFDM
	OFDM
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