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1. Introduction
In this paper, the scope of applicable scenarios and our views on demodulation performance requirements with 8 Rx antennas is discussed based on [1]. Demodulation performance requirements up to 4 Rx antennas in various scenarios are mentioned in [2]. The objective of the paper is to list scenarios that can be further discussed for specifications and others that can be omitted. 
2. Scenarios
2.1 PDSCH Requirements
In this section, the proposals are based on settings:
1. TDD: 7D1S2U with S:6D+4G+4U
2. SCS: 30KHz; BW: 40MHz 
3. TxEVM for QPSK/16QAM/64QAM: 6%
4. Antenna configuration: 
a. 8Layer: 8Tx, 8Rx
b. 4Layer: 4Tx, 8Rx
c. 2Layer: 2Tx, 8Rx
d. Correlation matrix: ULA
5. 8L case: same MCS configuration for both codewords 
6. DMRS, Number of HARQ process, PDSCH, PDCCH symbols start and length as in R4-2220613 [1]
Based on our studies, proposals are:
2.1.1 	8Layers
Proposal 1: RAN4 to use MCS13 for 8 layers, 8Rx simulation assumptions
MCS13 achieves maximum throughput at less than 20dB of SNR which is close to the SNR limit with TxEVM of 6%.
Proposal 2: Don’t have a PDSCH grant in special slot for 8 layers, 8Rx 
With only front loaded DMRS, channel estimation accuracy particularly for 8L case can get affected and degrade the 8L performance. Also, the resources in special slot are dominated by 2 PDCCH, 2 DMRS symbols and only 2 symbols are available for PDSCH. Moreover, this setting reduces PDSCH symbols by in a slot by nearly 5%. Hence, we are of the view to have no PDSCH grant in the special slot. 
2.1.2	4Layers
Proposal 3: RAN4 to use MCS 17 for 4 layers, 8Rx simulation assumptions
The above MCS serves as a good candidate with reasonably high throughput to measure 4L demod performance. PDSCH grant allocation in special slot is not restricted in this case. 

2.1.3 2Layers
Proposal 4: 2 Layers, 8Rx demod requirements are not essential.
We are of the view that the requirements discussion with 8Rx be focused more on spatial multiplexing gain since low layers such as 2 or below is like 1 layer with 4Rx whose performance is already part of [2]. Moreover, since high throughputs are of interest with CPE 8Rx devices, and throughput with 2L is lower than that with 4L or 8L at a given SNR, explicit specifications for 2 layers are not really required. 

2.2 Sustained Data Rate (SDR)
Following proposals are with DMRS Type 1 with 2 + 2 symbols # 2,3,10, 11.
2.2.1 256 QAM 4Layers
Proposal 5: Propose maximum MCS 26 (scaling factor =1) for 256 QAM, 4 layers, 8Rx
Based on our studies, we propose to have 256 QAM 4L requirements be with MCS 26 and lower MCS.
2.2.2 CSI-RS for Tracking 
Proposal 6: Symbol 4, 8 shall be locations of CSI-RS for tracking in 8 layers, 8Rx
For 4Rx case, CSI-RS for tracking OFDM symbols is specified in 6 and 10 [2]. With DMRS on symbol 10 for 8L case, the CSI-RS position needs to be changed. 
2.2.3 NZP CSI-RS for CSI acquisition
Proposal 7: Choose row 6 or 7 of Table 7.4.1.5.3-1 of 38.211 specification [4] for 8 layers, 8Rx
With 8 layers, the CSI-RS for CS locations be changed from those for 4Rx case according to Table 7.4.1.5.2-1 of [4].
2.2.4 256 QAM 8Layers
Proposal 8: Propose maximum MCS 26 (scaling factor =1) for 256 QAM, 8 layers, 8Rx
Based on our studies, we propose to have 256 QAM 8L requirements with MCS 25 and lower MCS. 
2.2.5 1024 QAM
Proposal 9: Further discuss 1024 QAM and corresponding TxEVM requirements
SDR requirements are primarily to verify achievable maximum throughput with the highest possible MCS.  With TxEVM @ 3% for 1024 QAM 8L, maximum throughput achievable with the highest MCS is hard to achieve. With 4L or 2L cases, the throughput achievable is less than that of 256 QAM with 8layers. Hence, we would like to further discuss tightening 1024 QAM TxEVM requirements. 

2.3 Channel Type
Proposal 10: Do not define demod requirements for PDCCH, and PBCH
With 8Rx antenna ports, we think 4Tx or 8Tx antenna ports is a reasonable setting for performance specifications. With 4TX and 4Rx in Clauses 5.3, and 5.4 of [2], SNR thresholds in test cases for PBCH and PDCCH are low, e.g., with aggregation level 8 and 2Tx, the SNR requirement is close to cell detection side condition -6dB. Therefore, we don’t see a need to measure additional diversity gain with 8Rx for PBCH, PDCCH. 

2.4 Reporting of CQI
Proposal 11: SNR points be (2,3) and (8,9) of Table 6.2.3.1.1.1-1 of [2] for 4L, 8Rx in static channel
Above proposal is assumes 4L in static channel conditions as mentioned in [1]. SNR pairs (5,6) and (11,12) are in Table 6.2.3.1.1.1-1 of [2] and SNR points be (2,3) and (8,9). 

2.5 Reporting of Rank Indicator (RI)
In clause 6.4.3 of [2], only fixed rank 1 and 2 based tests are considered. Our view is to adopt LTE approach and not specify new 8Rx specific requirements. 
Proposal 12: Follow LTE approach for Rank Indicator and do not specify new 8Rx requirements

2.6 Reporting of PMI 
Proposal 13: Follow LTE approach for PMI reporting and do not specify new 8Rx requirements

3. Conclusions
Following is the summary of the proposals.
Proposal 1: RAN4 to use MCS13 for 8 layers, 8Rx simulation assumptions
Proposal 2: Don’t have a PDSCH grant in special slot for 8 layers, 8Rx
Proposal 3: RAN4 to use MCS 17 for 4 layers, 8Rx simulation assumptions
Proposal 4: 2 Layers, 8Rx demod requirements are not essential
Proposal 5: Propose maximum MCS 26 (scaling factor =1) for 256 QAM, 4 layers, 8Rx
Proposal 6: Symbol 4, 8 shall be locations of CSI-RS for tracking in 8 layers, 8Rx
Proposal 7: Choose row 6 or 7 of Table 7.4.1.5.3-1 of 38.211 specification [4] for 8 layers, 8Rx
Proposal 8: Propose maximum MCS 26 (scaling factor =1) for 256 QAM, 8 layers, 8Rx
Proposal 9: Further discuss 1024 QAM and corresponding TxEVM requirements
Proposal 10: Do not define demod requirements for PDCCH, and PBCH
Proposal 11: SNR points be (2,3) and (8,9) of Table 6.2.3.1.1.1-1 of [2] for 4L, 8Rx in static channel
Proposal 12: Follow LTE approach for Rank Indicator and do not specify new 8Rx requirements.
Proposal 13: Follow LTE approach for PMI reporting and do not specify new 8Rx requirements
References
[1] 3GPP WF R4-2220613, “8Rx UE demodulation and CSI requirements”
[2] 3GPP TS 38.101-4 version 17.5.0 “5G; NR; User Equipment (UE) radio transmission and reception; Part 4: Performance requirements”. 
[3] 3GPP WID “Further RF requirements enhancement for NR frequency range 1 (FR1),” 3GPP TSG RAN meeting#95e, online, March 17 – 23, 2022.
[4] 3GPP TS 38.211 version 17.3.0 “5G; NR; Physical channels and modulation”. 



1

2

