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1.	Introduction
At the last RAN4 #107 meeting in Incheon, we discussed one of the maintenance CRs which treat a test parameter so-called reportQuantity for CQI reporting with 1Tx [1], and came to a conclusion that we remove the parameter from the test parameter tables to leave an actual implementation to each vendor, agreed after a revision of the CR [2]. 
However, since it is still not clear with regards to the 1Tx UE behaviours when report quantity is configured with cri-RI-PMI-CQI, companies exchanged views after the meeting by offline.
 In this contribution we share the offline comments from companies until now and discuss the way forward. 

2.	Discussion
2.1 Background of an original issue with the 1Tx periodic CQI reporting tests
 Original proposal from [1] is excerpted below for reference. As can be seen in the table, CQI report quantity was originally defined as cri-RI-PMI-CQI. However, based on the current RAN1 spec TS 38.214 cl.5.2.2.2.1 [3] on PMI reporting for Type I CB, the specification is undefined for 1 antenna port cases.    
Table 2.1-1: Extract from TS38.101-4 Table 6.2.2.1.1.2-1
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自動的に生成された説明]
Observation 1: PMI specification in a case of the 1 antenna port is not defined in TS 38.214 cl.5.2.2.2.1. 
[bookmark: _Hlk141432430]On the other hand, the configuration “cri-RI-QCI” is optional and there seems to be no Rel-15 or later UEs in the field which support this optional report quantity.
Observation 2: The configuration “cri-RI-QCI” is optional and there is no guarantee that UEs support this configuration.
Thus, the outcome of the demodulation session during the #107 meeting was that we remove the definition of report quantity parameter from the requirements to leave an actual implementation to each vendor, even though the UE behaviour was left unclear with regards to the PMI reporting with 1Tx cases.

2.2 Further investigation outcome with RAN1/RAN2 specs
[bookmark: _Hlk141791720]After the further investigation in RAN1 specs TS 38.212 [4], we noticed that there is a description at clause 6.3.1.1.2 about CSI sequence generation for UCI over PUCCH. According to the sentence, the bitwidth for PMI with 1 CSI-RS port is 0. Therefore, there may be a chance that we configure the report quantity as legacy one ‘cri-RI-PMI-CQI’ and UE will not report the PMI. 
However, the RAN1 specs TS 38.212 [4] do not contain a similar sentence for UCI over PUSCH, which indicates either an inconsistency in the RAN1 specification, or the need to treat PMI derivation and feedback differently depending on what feedback channel is used. This difference shed some doubt on the understanding of the RAN1 intention of PMI feedback based on single port CSI.
Furthermore, the existence and definition of the optional “csi-ReportWithoutPMI” UE capability, is further confusing if the existence of zero length PMI is intended even for UEs that don’t support “csi-ReportWithoutPMI”.
Observation 3: According to TS 38.212 cl. 6.3.1.1.2, there is a chance that we configure the report quantity as legacy one ’cri-RI-PMI-CQI’ and UE will not report the PMI. However, inconsistencies between PUSCH/PUCCH UCI, and the existence of the “csi-ReportWithoutPMI” UE capability, raise doubts on the understanding of the RAN1 intention of PMI feedback based on single port CSI.

However again, another issue was identified with TS38.331 [5] on codebookConfig IE.
Extract from TS 38.331 clause 6.3.2.
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自動的に生成された説明]
[bookmark: _Hlk141791993][bookmark: _Hlk141442471] As can be seen above, it is undefined for one CSI/antenna port. But the codebookConfig IE is optional according to TS 38.331. Therefore, there is one idea that under 1Tx scenario where no precoder is applied, gNB can omit the codebookconfig field, which means no precoder Type information and no codebook restriction. 
[image: ]
Observation 4: The codebookConfig IE has no definition for one CSI/antenna port. But since codebook IE is optional, under 1Tx scenario where no precoder is applied, gNB may be able to omit the codebookconfig field.    
[bookmark: _Hlk141792066]There is another analysis by one company that at least for PUSCH part, codebook type will be undefined if CodebookConfig is not signalled (as it is conditioned on codebookType) and consequently PMI bit width will be undefined. Below is the extract for UCI (via PUSCH) from TS 38.212.
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自動的に生成された説明]
Observation 5: According to the description of TS 38.212 6.3.1.1.2, at least for PUSCH part, codebook type will be undefined if CodebookConfig is not signalled. 
We do note that all CSI tests in RAN4 assume the CSI report via PUCCH. However, our view is that defining such a test in RAN4 is sort of endorsing a configuration “PMI with no codebook config”, which may not be RAN1’s intention as codebook config is conditioned on codebookType. Furthermore, if any design invalidates “CRI-RI-PMI-CQI” report quantity for 1Tx config, this may be justified given that there was no PMI defined in RAN1 specs for 1Tx config. Having said that, we think that an LS to RAN1 would be necessary to clarify/align these issues if RAN4 is to pursue this solution.
Proposal 1:  Send an LS to RAN1 to clarify/align these CQI report quantity issues.
Draft LS to RAN1 can be seen in the appendix A at the end of this contribution.


3. Conclusion
In this contribution we discussed on the definition of the test parameter reportQuantity for CQI test with 1Tx.
Observation 1: PMI specification in a case of the 1 antenna port is not defined in TS 38.214 cl.5.2.2.2.1. 
Observation 2: The configuration “cri-RI-QCI” is optional and there is no guarantee that UEs support this configuration.
Observation 3: According to TS 38.212 cl. 6.3.1.1.2, there is a chance that we configure the report quantity as legacy one ’ cri-RI-PMI-CQI’ and UE will not report the PMI. However, inconsistencies between PUSCH/PUCCH UCI, and the existence of the “csi-ReportWithoutPMI” UE capability, raise doubts on the understanding of the RAN1 intention of PMI feedback based on single port CSI.
Observation 4: The codebookConfig IE has no definition for one CSI/antenna port. But since codebook IE is optional, under 1Tx scenario where no precoder is applied, gNB may be able to omit the codebookconfig field.    
Observation 5: According to the description of TS 38.212 6.3.1.1.2, at least for PUSCH part, codebook type will be undefined if CodebookConfig is not signalled. 
Proposal 1:  Send an LS to RAN1 to clarify/align these CQI report quantity issues.
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Attachments:	R4-2311202 Report quantity parameter setting for CQI reporting with 1Tx


1. Overall Description:
In RAN4 #108 RAN4 discussed on a test parameter called reportQuantity for demodulation CQI reporting with 1Tx and noticed that PMI specification is not defined in TS 38.214 cl.5.2.2.2.1 in a case of the 1 antenna port. It is not clear on how PMI for Type I codebook is reported from a UE when cri_RI_PMI_CQI is configured. 
After the further investigation in RAN1 specification TS 38.212, we noticed that there is a description at clause 6.3.1.1.2 about CSI sequence generation in UCI over PUCCH. According to the sentence, the bitwidth for PMI with 1 CSI-RS port is 0. Therefore, there may be a chance that we configure the report quantity as ‘cri-RI-PMI-CQI’ and UE will not report the PMI. Though, the intended behavior for UEs not supporting the “csi-ReportWithoutPMI” capability when dealing with zero length PMI is not clear, and neither is it clear why the zero length PMI is not specified in UCI over PUSCH. 
Furthermore, another issue was identified with TS38.331 on codebookConfig IE that it is undefined for one CSI/antenna port. Since the codebookConfig IE is optional according to TS 38.331, there is one idea that under 1Tx scenario where no precoder is applied, gNB can omit the codebookconfig field, which means no precoder Type information and no codebook restriction. There is another analysis that at least for PUSCH part, codebook type will be undefined if CodebookConfig is not signalled (as it is conditioned on codebookType) and consequently PMI bit width will be undefined. 
We do note that all CSI tests in RAN4 assume the CSI report via PUCCH. However, our view is that defining such a test in RAN4 is sort of endorsing a configuration “PMI with no codebook config”, which may not be RAN1’s intention as codebook config is conditioned on codebookType.
RAN4 kindly asks RAN1 to take the above information into account and clarify how PMI for Type I codebook is reported from the UE when cri_RI_PMI_CQI is configured with 1Tx.

2. Actions:
[bookmark: _Hlk46227635]To RAN1 group.
ACTION:	RAN4 kindly asks RAN1 to take the above information into account and clarify how PMI for Type I codebook is reported from a UE when cri_RI_PMI_CQI is configured with 1Tx.

3. Date of Next RAN4 Meeting:
TSG-RAN WG4#108bis	                October 9 - 13, 2023		Xiamen, China
TSG-RAN WG4#109	                November 13 - 17, 2023	Chicago, US
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