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1 Introduction
In RAN Plenary #96-e meeting, the revised WID on Further RF requirements enhancement for NR and EN-DC in frequency range 1 (FR1) has been approved [1]. According to the WID, the demodulation performance requirements should be specified. In this contribution, we provide an overview on demodulation requirements for UE supports 8Rx.

	·   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.


2 Discussion
[bookmark: _Hlk92380727]Propagation condition for 8Rx UE
In the existing spec TS38.101-4, the modelling of static propagation conditions are specified only for 1Rx, 2Rx and 4Rx. It is essential to define static propagation condition for 8Rx performance evaluation. In LTE, the static channels for 8Rx are already defined in TS36.101 B.1.3. and we can use that for NR 8Rx UE performance evaluation. With respect to the propagation channel, the existing fading channel, such as TDL-A/TDL-C, could be reused for 8Rx requirements.
Observation 1: No 8Rx static channels are defined in current TS38.101-4.
Proposal 1: Define the following H matrix used in LTE as 8Rx static channel matrix for NR 8Rx performance evaluation.

1Tx: 

2Tx: 

4Tx: 

8Tx: 

[bookmark: _Hlk118713616]MIMO channel correlation for 8Rx
Antenna correlation is another factor to be specified in 8Rx performance evaluation. Currently, there is no MIMO channel correlation defined for 8Rx. We can also use the same MIMO channel correlation for 8Rx defined in LTE for NR 8Rx performance evaluation. Refer to the test case for 4Rx in 38.101-4, to achieve enhanced peak throughput, low MIMO channel correlation was assumed for 4Rx 3/4 layers test cases.  It is reasonable to assume low MIMO channel correlation when evaluating 8Rx demodulation performance. However, 8Rx separation between the antennas would be smaller than 2Rx/4Rx and then will increase the correlation between antennas. It might be too ideal to assume zero correlation across all eight receive antennas. From the practical point of view, the evaluation of medium MIMO channel correlation is also needed.
Observation 2: No MIMO channel correlation matrices for UE and gNB are defined in current TS38.101-4.
Proposal 2: Define the following MIMO channel correlation matrices for UE and gNB used in LTE for NR 8Rx performance evaluation.
[image: ][image: ]

Proposal 3: Evaluate the 8Rx performance with low/medium MIMO channel correlation.

Tx EVM
Tx EVM may also impact the demodulation performance for 8Rx UE because the increased dimensionality of the channel may make overall channel estimation/demodulation performance more vulnerable to the signal distortion, especially for the higher rank. Also, considering the SNR operating point for 8 layers would be very high, we propose to re-use the same EVM value in Rel-15, i.e., EVM = 6% for QPSK/16QAM/64QAM and EVM = 3% for 256QAM, as a starting point to evaluate 8Rx performance.
Proposal 4: Evaluate the 8Rx performance with the EVM assumptions, EVM = 6% for QPSK/16QAM/64QAM and EVM = 3% for 256QAM. 

PDCCH and PBCH requirements for 8Rx UE
There might have performance gain for PDCCH and PBCH with 8Rx. However, both PDCCH and PBCH are transmitted in rank 1. For 8Rx UE, we can focus on multi-layer transmission in PDSCH which has more impact to UE implementation. Also, in LTE, we do not have PDCCH and PBCH requirements. Therefore, we propose not to define PDCCH and PBCH requirements for 8Rx UE in NR.
Proposal 5: Do not define PDCCH and PBCH requirements for 8Rx UE.
3 Conclusion
In this contribution, we provide our views on 8Rx UE demodulation requirements. The proposals are summarized as below:
Observation 1: No 8Rx static channels are defined in current TS38.101-4.
Proposal 1: Define the following H matrix used in LTE as 8Rx static channel matrix for NR 8Rx performance evaluation.

1Tx: 

2Tx: 

4Tx: 

8Tx: 
Observation 2: No MIMO channel correlation matrices for UE and gNB are defined in current TS38.101-4.
Proposal 2: Define the following MIMO channel correlation matrices for UE and gNB used in LTE for NR 8Rx performance evaluation.
[image: ][image: ]

Proposal 3: Evaluate the 8Rx performance with low/medium MIMO channel correlation.
Proposal 4: Evaluate the 8Rx performance with the EVM assumptions, EVM = 6% for QPSK/16QAM/64QAM and EVM = 3% for 256QAM. 
Proposal 5: Do not define PDCCH and PBCH requirements for 8Rx UE.
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