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1	Introduction
RAN4#103-e agreed with the WF on RedCap UE demodulation and CQI reporting requirements [1]. This contribution shows our simulation results and discusses the open issues on PMI and RI reporting requirements for RedCap.
2	PMI reporting requirements
	Agreement: UL/DL pattern used for FDD tests for 1Rx UE
· Introduce demodulation/CSI requirements covering both FD-FDD and HD-FDD.
· DDDSU applied for HD-FDD
· Existing pattern applied for FD-FDD
· Same demodulation requirement applied for FD-FDD and HD-FDD with different FRCs
· For CSI requirements, configure the following CSI feedback scheduling pattern applicable for both FD-FDD and HD-FDD
· PMI reporting tests (aperiodic CSI reporting)
· CSI request: [1 in slots i, where mod(i, 5) = 1], otherwise it is equal to 0. 
· Reuse the FRC from Rel-15 PMI test (R.PDSCH 1-6.1 FDD).
· [bookmark: _Hlk108797780]Aperiodic Report Slot Offset: [3 slots]
· CQI/RI/PMI delay: [6 ms]



[bookmark: _Hlk110435468]For the PMI reporting requirements for RedCap, RAN4 has agreed to reuse the same test metrics and pass/fail criteria as the existing PMI reporting tests defined in Rel-15, that is, the minimum requirements are specified in terms of the ratio γ=tue/trnd, where tue is 90% of the maximum throughput observed at SNRUE using the precoders configured according to the PMI reported by UE, and trnd is the throughput measures at SNRUE with random precoding, where set γ=1.3. 
The remaining open issue is the scheduling pattern used for HD-FDD UE. Since RAN4 have agreed to use the pattern DDDSU for HD-FDD 15kHz, the possible scheduling is illustrated in Figure 1. If we reuse the existing PMI test configuration in FDD, the aperiodic CSI request is scheduled every 5 slots with slot offset 1, and NZP-CSI-RS is configured in symbol 13 in the same slot. According to the CSI computing delay requirements specified in TS38.214, it is possible for UE to report CSI in slot 4 in the case of 4Tx ports and no multiplexing with HARQ-ACK, and therefore we can confirm the new PMI is applicable from slot n+3, where the UE reports CSI at slot n. With the configuration, the effective PMI delay is 6ms. 
[image: ]
[bookmark: _Ref100848063]Figure 1	Scheduling pattern used for PMI reporting test with HD-FDD SCS=15kHz. 

Proposal 1: For PMI reporting tests, configure the following CSI feedback scheduling pattern for HD-FDD SCS=15kHz.
· CSI request: 1 in slots i, where mod(i, 5) = 1, otherwise it is equal to 0
· Reuse the FRC from Rel-15 PMI test (R.PDSCH.1-6.1 FDD), i.e., no PDSCH is scheduled where NZP-CSI-RS is transmitted.
· Aperiodic Report Slot Offset: 3 slots
· PMI delay: 6 ms
3	RI reporting test for 2Rx UE
One remaining open issue is whether to define RI reporting requirements for RedCap 2Rx UE.
	Whether to define RI reporting requirements for RedCap 2Rx UEs
· Option 1: Define RI reporting requirements
· Option 2: Not define RI reporting requirements



According to the existing RI reporting test requirements, the minimum requirements are defined as the throughput ratio of follow RI and fixed RI (1 or 2), where TE configures CQI/PMI according to UE reports. The discussion in RAN4#103-e is how to verify the RI feedback functionality for 2Rx UE because it cannot be verified with the agreed test cases such as PDSCH/SDR demodulation or CQI/PMI reporting tests where the configured PDSCH MIMO rank is fixed to 1 or 2. Although RedCap targets low complexity/cost UE implementation, the target DL peak rate is 150Mbps, and it requires higher order modulation and rank 2 to achieve it. On the other hand, we can also understand the arguments from chipset vendors to reduce the test efforts for such low complexity devices. 
The exiting RI tests consists of three tests: 
· Test 1: Throughput gain of follow RI over fix RI=2 in low antenna correlation in low SNR,
· Test 2: Throughput gain of follow RI over fix RI=1 in low antenna correlation in high SNR, and
· Test 3: Throughput gain of follow RI over fix RI=1 in high antenna correlation in high SNR.
To ensure the rank 2 reporting required by operators and reduce the number of tests, one compromise is to define just one test case which is Test 2 in order to verify 2Rx UE reports RI=2 in high SNR condition. Figure 2 shows our simulation results for FDD SCS=15kHz with CQI table 1. According to the simulation results, it is observed that the gamma1 (throughput gain of follow RI over fix RI=1) is 1.2 in SNR=20dB, and it exceeds the existing requirements specified in Rel-15. 
[image: ]
[bookmark: _Ref108801684]Figure 2	RI simulation results (FDD SCS=15kHz).

Proposal 2: If RAN4 define the RI test for 2Rx RedCap UE, defines only one test: throughput gain of follow RI over fix RI=2 in low correlation condition. In this case, apply the same requirements as the existing Rel-15 requirements, that is gamma1 > 1.05 with SNR=20dB. 
4	Summary
Proposal 1: For PMI reporting tests, configure the following CSI feedback scheduling pattern for HD-FDD SCS=15kHz.
· CSI request: 1 in slots i, where mod(i, 5) = 1, otherwise it is equal to 0
· Reuse the FRC from Rel-15 PMI test (R.PDSCH.1-6.1 FDD), i.e., no PDSCH is scheduled where NZP-CSI-RS is transmitted.
· Aperiodic Report Slot Offset: 3 slots
· PMI delay: 6 ms

Proposal 2: If RAN4 define the RI test for 2Rx RedCap UE, defines only one test: throughput gain of follow RI over fix RI=2 in low correlation condition. In this case, apply the same requirements as the existing Rel-15 requirements, that is gamma1 > 1.05 with SNR=20dB. 
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