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Introduction

In RAN #96, a new RAN4 WI “NR_ENDC_ RF_FR1_enh2” was approved [1] with the following objectives of performance part for Rel-18 RF FR1 requirement:
	· [bookmark: OLE_LINK22]Enable 4Tx on a single carrier for CPE/FWA/vehicle/industrial devices
· Specify the BS demodulation performance requirements to support UL 4-layer MIMO UE operation
·   Enable 8Rx for CPE/FWA/vehicle/industrial devices
· Specify RLM test cases to support 8Rx
· Investigate if the existing 4Rx RLM test can be reused or the new test will be specified
· Specify UE demodulation performance and CSI requirements with up to 8 layers to support 8Rx
· Investigate and, if necessary, specify the requirements with up to 8 DL MIMO layers
· Specify the SDR requirements with 8 MIMO layers
· Specify release independence requirements in TS 38.307 if needed.




In RAN#97 [2], the following proposal was agreed: 
	· Focus on the Rel-17 demodulation perf part in October
· Start work on the demodulation part of selected topics within Rel-18 items in November (the work plan for demodulation will be treated in Q1 2023)
· APT in NR_demod_enh3-Perf
· 8Rx only in NR_ENDC_RF_FR1_enh2
· UE demodulation perf only in LTE_NBIoT_eMTC_NTN_req
· Allocated RD TUs for NR_demod_enh3-Perf, NR_ENDC_RF_FR1_enh2, LTE_NBIoT_eMTC_NTN_req will be cut half in Q4 2022. 
· The work plans for demodulation perf are expected to be handled in Q1 2023


Hence, in this contribution, we focus our discussion on the objective on UE demodulation performance and CSI requirements with up to 8 layers to support 8Rx 

UE demodulation performance with 8Rx
Demodulation impact
In this section, we will discuss the different aspects and implementation impact demodulation when migrating the User Equipment from four to eight antennas. 
By increasing the number of UE receiving antennas, the baseband demodulator will be more complex because the signal processing subspace and matrix rank increase. The exact performance scaling depends on the chosen receiver implementation. The UE demodulation performance requirements need to be extended to cover this case. Moreover, the increase of antenna diversity also impacts the performance and reliability. 
[bookmark: _Ref118734093]Increasing the number of receiving antennas will impact the UE implementation and demodulation performance requirements. 
Additionally, the WI allows the UE to receive more parallel streams (up to 8). Note that the received signal in each stream will appear as inter-layer interference when linearly demodulating the other streams. Moreover, in layer mapping scheme, up to 4 layers are mapped to one codeword according to TS38.211 (Table 7.3.1.3-1. C). Hence, the UE demodulation will handle 2 codewords in case of number of layers higher than four. This will necessitate the definition of two MCS for each requirement. This will clearly have impact on the receiver implementation. 
[bookmark: _Ref118734108]The UE demodulation will handle 2 codewords in case for number of layers higher than four.
[bookmark: _Ref118734129]RAN4 to define two MCS for each requirement for rank higher than 4.

FWA
This WI aims to enhance the DL performance for CPE/FWA. With CPE and FWA, there is no size or power constraint when implementing the 8 Rx. Since the FWA is use case high throughput driven, we propose to define requirements fo 8 DL MIMO layers to maximize the benefit from the 8 receiving antennas. 
[bookmark: _Ref118734141]RAN4 to introduce requirements for 8 layers.
The current BS demodulation requirements already include requirements for rank lower than four (in 4Rx requirements). To test the UE that are 8 Rx capable but limited to 4 layers, we propose to add requirements for rank1 and ran4 with 8Rx.
[bookmark: _Ref118734153]RAN4 to add requirements for 8 Rx with 1 and 4 layers.
In certain environments, the 8 Rx capable UE may not be able to receive all 8 layers. Hence, it is reasonable to also define demodulation requirements for 5, 6 or 7 layers. 
To avoid the heavy work in demodulation requirements we propose to add at least one rank from {5,6,7} to 8 Rx demodulation requirements. 
[bookmark: _Ref118734166]Include at least one rank from {5,6,7} with corresponding applicability rules. 

To test 8 DL MIMO layers, we propose to use 64 QAM. 
[bookmark: _Ref118734175]Use 64 QAM to define 8 Rx demodulation requirements
Vehicular 
The WI also aims to enhance vehicle device. In our understanding, the use case for vehicular is limited throughput at high reliability and speed than FWA device. Because of this, we propose 8 Rx requitements with two layers, low MCS, channel model with substantial doppler spread.
[bookmark: _Ref118734186]RAN4 to use 8 Rx requitements with two layers, low MCS, channel model with substantial doppler spread for vehicular use case.
Use case independent proposals
The requirements for existing 4Rx and 2Rx include both FDD and TDD. We think it is valuable to keep both FDD and TDD to define 8 Rx requirements. 
[bookmark: _Ref118734196]Define 8RX demodulation requirements for both FDD and TDD

Moreover, the BS demodulation requirements have been firstly defined using single carrier. They have later discussed the CA in case of 4Rx. Hence, we propose to define 8Rx requirements for both single carrier and CA. It is relevant to start the discussion focusing on single carrier scenario
[bookmark: _Ref118734204]. RAN4 to focus on single carrier as start point. 

CSI requirements with 8Rx
In the existing specs, the requirements are defined for 1 Rx, 2 RX and 4Rx for PMI and Rank and CQI reporting. Hence, we propose to define performance requirements for 8 Rx for CQI, PMI and Rank reporting to cover the implementation impact by having 8 layers codebooks.
[bookmark: _Ref118734215]RAN4 to extend the PMI and Rank reporting for 8 RX case. 
[bookmark: _Ref118734222]For 8Rx CSI requirements, RAN4 to define CQI requirements under AWGN and fading conditions.

In TS38.101-4, “B-2-3-1 MIMO correlation matrices”, the correlation matrix for gNB and UE are defined respectively in TS38.101-4, Table B.2.3.1.1.-1/2 as follows: 
 [image: ]
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The gNB and UE correlation matrix for 8Rx scenario in LTE can be reused. In TS36.101, the 8Rx Correlation matrices are as follows: 
	eNodeB correlation matrix
	UE correlation matrix
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Hence, we make the following proposal:
[bookmark: _Ref118734237]Reuse the existing 8 Rx correlation matrices in LTE to define 8 Rx requirements in Rel 18 Rx WI. 


[bookmark: _Hlk31794208]Conclusion
In this contribution, we have given our views to kick-off the discussion on 8Rx UE demodulation/CSI performance requirements.
The provided proposals are presented below:
Observation 1:Increasing the number of receiving antennas will impact the UE implementation and demodulation performance requirements.
Observation 2:The UE demodulation will handle 2 codewords in case for number of layers higher than four.
Proposal 1:RAN4 to define two MCS for each requirement for rank higher than 4.
Proposal 2:RAN4 to introduce requirements for 8 layers.
Proposal 3:RAN4 to add requirements for 8 Rx with 1 and 4 layers.
Proposal 4:Include at least one rank from {5,6,7} with corresponding applicability rules.
Proposal 5:Use 64 QAM to define 8 Rx demodulation requirements
Proposal 6:RAN4 to use 8 Rx requitements with two layers, low MCS, channel model with substantial doppler spread for vehicular use case.
Proposal 7:Define 8RX demodulation requirements for both FDD and TDD
Proposal 8:. RAN4 to focus on single carrier as start point.
Proposal 9:RAN4 to extend the PMI and Rank reporting for 8 RX case.
Proposal 10:For 8Rx CSI requirements, RAN4 to define CQI requirements under AWGN and fading conditions.
Proposal 11:Reuse the existing 8 Rx correlation matrices in LTE to define 8 Rx requirements in Rel 18 Rx WI.
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