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Introduction
8Rx WI was approved in the last RAN plenary, and RAN4 needs to define the relevant performance requirement including sustainable data rate, demodulation performance in the fading channels, the CSI performance test, and any clarification of the relative RRM/RLM test rules.

In this paper, we discuss the performance requirements and the test cases for 8Rx UE.
RRM/RLM
Based on the below 8Rx WID description [1], RAN4 does not expect any new RRM/RLM requirement for 8Rx, and RRM/RLM related tests are to be performed in 2Rx or 4Rx-capable bands. In 4Rx WI, the necessary applicability rules and antenna configurations were added to A.3.8 in TS36.133. Similar rules can be stated for 8Rx-capable UE, as shown in the below text proposal.
Text Proposal in TS36.133 A.3.8.1.2 (Antenna Configuration – Principle of testing)
. . .
For 8RX capable UEs supporting at least one 2RX band, the, all single carrier tests specified in section A.4 to A.8 shall be tested on any band where 2RX is supported with the antenna connection specified in A.8.3.1.2.3. For single carrier tests specified in section A.9, all tests shall be tested with the antenna connection specified in A.3.8.1.2.3 for bands where 2RX is supported, and the antenna connection specified in A.3.8.1.2.4 for bands where 4RX is supported.
For 8RX capable UEs which do not support any 2RX band, all tests specified in sections A.4 to A.9 shall be tested based on 4RX band, using the antenna connection specified in section A.3.8.1.2.4. For radio link monitoring tests, the SNR levels are modified according to table A.3.8.1.2.1-1 and table A.3.8.1.2.1-2.




SDR Test
As a part of WI scope, sustainable downlink data rate (SDR) test needs to be defined for 64QAM and 256QAM modulations, respectively. Figure A-II.1 in the Appendix shows the 8-layer 64QAM throughput result in the static channel condition with the normal non-CSIRS subframe only scheduling in FDD. It is shown that MCS23 (TBS index of 21) is the highest MCS that can achieve the maximum of the configured throughput under the 6% TxEVM condition where the peak throughput is achieved at the SNR ≤ 22dB. Therefore, we propose to consider 64QAM FDD SDR test based on rank-8 transmission with TxEVM of 6% and based on MCS22 or MCS23.
Proposal 1. Consider 64QAM FDD SDR test for rank > 4 based on rank-8 transmission with TxEVM of 6% using one of the following options:
- Option 1: MCS23
- Option 2: MCS22

In case of the 256QAM modulation, earlier simulation result from the study item [2] showed that MCS20 (TBS index of 25) is the highest MCS that can achieve the maximum of the configured throughput under the 3% TxEVM condition yet such peak throughput can only be achieved at the SNR above 28dB. In order to find more suitable test point for SDR test, we propose RAN4 to evaluate the 256QAM rank-8 SDR performance with lower TxEVM. Another alternative could be to define the 256QAM SDR test based on 6-layer transmission for which MCS21 can be used for SDR test.
Proposal 2. Consider the following options for 256QAM FDD SDR test for rank > 4:
- Option 1: Rank8 + MCS20 + TxEVM of 1.5 or 2%
- Option 2: Rank6 + MCS21 + TxEVM of 3%
Demodulation Test
Rank ≤ 4
For the demodulation test with the rank less than or equal to 4, RAN4 has already agreed to adopt the TM2 rank-1 and TM3 rank-2 scenarios evaluated during the study item phase. Therefore, we can introduce one TM2 and one TM3 demodulation test in the fading channel for FDD and TDD scenarios, respectively. 
[bookmark: _Hlk505619812]Proposal 3. Define FDD TM2 rank1 and TM3 rank2 demodulation tests based on the scenario evaluated in the study item [Section 4.1.1, 2] 
Rank > 4
[bookmark: _GoBack]Demodulation test for rank higher than four is only applicable to TM9. From the WID, it is clarified that only those MCS and rank that can achieve the maximum configured throughput should be considered. In case of the 256QAM modulation, the earlier simulation results in the EPA5 fading channel with low antenna correlation [2] showed that none of the rank-5/6/7/8 transmission can achieve the maximum configured throughput for 256QAM at the SNR under 30dB. Therefore, RAN4 should define the demodulation test based on 64QAM or lower modulation only. Figure 1 and 2 shows additional simulation result for rank-7 and -8 transmissions for the MCS with 16QAM/64QAM modulation orders in EPA5 fading channel with low antenna correlation. The simulation results clearly show a more favorable test point for 16QAM modulation order for both ranks. Considering that existing 4-layer demodulation test cases have been defined based on 16QAM modulation, we propose to similarly define the demodulation test in fading channel based on the 16QAM modulation across all ranks > 4.
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Figure 1. Rank-7 throughput in EPA5L fading channel (MCS 11~17, 64QAM MCS table)
[image: ]
Figure 2. Rank-8 throughput in EPA5L fading channel (MCS 11~17, 64QAM MCS table)
Proposal 4. Consider demodulation test in EPA5L fading for TM9 rank-5 to 8 transmissions based on 16QAM modulation order with one of the following options:
- Option 1: MCS14
- Option 2: MCS13
CSI Feedback Test
Finally, RAN4 needs to define the CSI feedback tests to verify UE’s CSI feedback performance in the 8Rx UE. In order to minimize the number of tests, we propose to define the CSI feedback tests only for the following two scenarios: TM3 rank 2 with 8Rx and TM9 rank 8 with 8Rx. Since TM3 does not have any PMI impact and TM9 rank-8 transmission only has a single PMI, it is sufficient to define a CQI test in both scenarios. To this end, we propose to define CQI tests for TM3 rank-2 8Rx and TM9 rank-8 to verify UE’s CSI feedback performance.
Proposal 5. Define CQI tests for TM3 rank 2 8Rx and TM9 rank 8.
Conclusions
In this paper, we discuss the test cases for demodulation/CSI performance requirement for 8Rx UE. List of proposal made in the paper is summarized as follows:

Text Proposal in TS36.133 A.3.8.1.2 (Antenna Configuration – Principle of testing)
. . .
For 8RX capable UEs supporting at least one 2RX band, the, all single carrier tests specified in section A.4 to A.8 shall be tested on any band where 2RX is supported with the antenna connection specified in A.8.3.1.2.3. For single carrier tests specified in section A.9, all tests shall be tested with the antenna connection specified in A.3.8.1.2.3 for bands where 2RX is supported, and the antenna connection specified in A.3.8.1.2.4 for bands where 4RX is supported.
For 8RX capable UEs which do not support any 2RX band, all tests specified in sections A.4 to A.9 shall be tested based on 4RX band, using the antenna connection specified in section A.3.8.1.2.4. For radio link monitoring tests, the SNR levels are modified according to table A.3.8.1.2.1-1 and table A.3.8.1.2.1-2.





Proposal 1. Consider 64QAM FDD SDR test for rank > 4 based on rank-8 transmission with TxEVM of 6% using one of the following options:
- Option 1: MCS23
- Option 2: MCS22
Proposal 2. Consider the following options for 256QAM FDD SDR test for rank > 4:
- Option 1: Rank8 + MCS20 + TxEVM of 1.5 or 2%
- Option 2: Rank6 + MCS21 + TxEVM of 3%
Proposal 3. Define FDD TM2 rank1 and TM3 rank2 demodulation tests based on the scenario evaluated in the study item [Section 4.1.1, 2] 
Proposal 4. Consider demodulation test in EPA5L fading for TM9 rank-5 to -8 transmissions based on 16QAM modulation order with one of the following options:
- Option 1: MCS14
- Option 2: MCS13
Proposal 5. Define CQI tests for TM3 rank 2 8Rx and TM9 rank 8.
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Appendix I – 8Rx WI Scope/Objective [1]

· For UE RRM performance requirements
· No new RRM performance requirement is expected for 8Rx
· No new RLM performance requirement is expected for 8Rx 
· UE is only required to pass the legacy 2Rx or 4Rx RLM testing
· In performance part, testing applicability rule will be defined for enabling 8Rx UE to pass the legacy 2Rx or 4Rx RLM test cases.
· For UE demodulation/CSI requirements
· Define channel model for downlink 8Rx antennas
· Specify the antenna configuration and MIMO channel correlation matrices for 8Rx antennas;
· Specify the static channel model;
· Define test cases for the rank lower than or equal to 4.
· Adopt the test cases studied in SI to define requirements.
· Define test cases for the rank higher than 4 in fading channel.
· Base on combinations of rank and MCS that can achieve the maximum configured throughput.
· Define SDR test for 8Rx in WI.
· Define CSI test for 8Rx.
· No PDCCH/PCFICH demodulation requirement is expected for 8Rx.
· Considering the test coverage of 8Rx, test applicability rule is needed to define
· Define applicability rule of existing performance requirements for 8Rx capable UEs.

Appendix II – Static channel throughput: 64QAM 8L 

[image: ]
Figure A-II.1. Throughput of TM9 8-layer transmission with 64QAM CQI2MCS table.

Appendix III – Static channel throughput: 256QAM 6/7/8L [2]
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Figure A-III.1. Throughput of TM9 8-layer transmission with 256QAM CQI2MCS table in a static channel.
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Figure A-III.2. Throughput of TM9 7-layer transmission with 256QAM CQI2MCS table in a static channel.

[image: ]
Figure A-III.3. Throughput of TM9 6-layer transmission with 256QAM CQI2MCS table in a static channel
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