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1. Introduction
In RAN#92-e, following RAN guidance was made for further study and discussion on CSI feedback enhancements for URLLC [1-2]. 
	In RP-211569:
· Revised Recommendation1: Provide the following RAN guidance on CSI feedback enhancement [RAN1]
· Focus subsequent working group discussions on the schemes proposed in RP-211297.
· Details (e.g. how to calculate delta-MCS) are up to further working group discussions.
In RP-211297:
Proposal: RAN confirms the following as a guidance to RAN1 for CSI enhancement in Enhanced URLLC/IIoT WI:
RAN1 to further investigate the following for CSI enhancements for IIoT/URLLC:
· Increasing the number of bits used for the reported subband CQI (3-bits differential subband CQI or 4-bits CQI)
· Reporting of delta-MCS:
· Report consists of delta-MCS for a TB received with MCS index IMCS:
· delta-MCS is calculated from the difference between IMCS_tgt and IMCS, where IMCS_tgt is the largest MCS index such that the estimated BLER for a TB received with this MCS index would be smaller than or equal to a BLER target, and IMCS is the MCS index of the received TB.



Based on the above guidance, we discuss and provide our views on potential enhancements of CSI feedback for supporting URLLC, including opinions on extended CQI bit range and delta-MCS reporting. 

2. Discussion
New triggering method for A-CSI on PUCCH 
Regarding A-CSI on PUCCH by DL DCI triggering, the main issue is how to trigger CSI reporting. Considering the scope of URLLC WI, the goal should be CSI and MCS accuracy for URLLC reliability enhancement. However, if UE perform same measurement for CSI and report same content structure regardless of CSI triggering method, the performance must be same as existing triggering method. 
The beneficial point of A-CSI on PUCCH via DL DCI, is to save PDCCH overhead. Thus, the enhanced MCS accuracy can be achieved only by frequent A-CSI reporting thanks to low PDCCH overhead. However, it would not be straightforward due to limited UL resource and complicated timeline with other URLLC transmission. Moreover, if two or more A-CSI PUCCH is required to achieve the higher performance for a period, it may not have much difference between SP-CSI on PUCCH. Since SP-CSI could support multiple CSI reporting for a period via only two DCI, activation and release. 
Proposal #1: Do not support A-CSI on PUCCH by DL DCI triggering.

Extended subband CQI range
From RAN guidance, it is agreed to further investigate increasing the number of bits used for the reported subband CQI (hereafter referred to as ‘eCQI’).  
One main drawback of eCQI is CSI overhead. Even with 3bit differential CQI is used, CQI overhead become 1.5 times larger than in Release 16. If 4bit full CQI is used, CQI overhead is doubled. Considering CSI are multiplexed with HARQ-ACK, SR or other CSI, it is necessary to investigate any solution to alleviate CSI overhead due to eCQI.
Proposal #2: It needs further consideration on how to alleviate CSI overhead, in order to support increased number bits for sub-band CQI. 

Considering eCQI is only useful when estimated CQI is out of range of legacy differential CQI, it can be considered for UE to choose whether to enable or disable eCQI based on its channel estimation. If eCQI is disabled or enabled arbitrarily by UE, there could be an ambiguity on CSI payload sizes. In order to address this ambiguity, two parts of CSI in release 16 can be used. In Release 16, CSI Part 1 has fixed size based o RRC configuration so UE can report CSI part 1 without ambiguity. If UE include a size of sub-band CQI table used in CSI part 1 and multiplexing sub-band CQI into CSI part 2, gNB can receive bit sequence of sub-band CQI and could interpret with UE-selected sub-band CQI range. 
Proposal #3: It can be considered that UE adjust CQI overhead by disabling eCQI based on its channel estimation. 

Delta-CQI/MCS reporting 
For the delta-MCS reporting scheme, there are some discussion points. 
· How to determine PUCCH resource for this scheme
· What would be a reference PDSCH for this scheme
· How to represent delta-MCS in bit representation 

In general, it would be natural to take current CSI frameworks as baseline. For example, PUCCH resource configuration for P-CSI on PUCCH can be re-used for delta-CQI/MCS reporting. When PDSCH is scheduled with triggering of delta-CQI/MCS reporting, UE may choose a PUCCH resource satisfying CSI computation timeline, among periodic PUCCH resources which is configured for the CSI reporting. 
Proposal #4: For delta-CQI/MCS reporting, existing PUCCH resource allocation method for P-CSI on PUCCH can be re-used. 
· When PDSCH is scheduled with triggering of delta-CQI/MCS reporting, UE may choose a PUCCH resource that satisfies CSI computation timeline, among configured PUCCH resources.

 If UE has been scheduled with multiple PDSCH resource for a CSI reporting occasion, it is also necessary to define which PDSCH is considered (e.g. measured) for delta-MCS reporting. Considering CSI procedure, PDSCH should be selected with considerations both of CSI PUCCH preparation time and PDSCH processing time. Otherwise, PDSCH can be picked before CSI triggering in order to guarantee CSI processing time if CSI trigger indicates PUCCH resource which satisfies timeline.
Proposal #5: It is necessary to discuss how UE determines PDSCH for delta-CQI/MCS reporting.

From the last meeting, it has been considered to adopt joint coding between delta-MCS and HARQ-ACK bit corresponding to PDSCH. It could be possible since the processing time of delta-MCS would be similar to PDSCH processing time so the delta-MCS could be multiplexed into HARQ-ACK PUCCH. However, considering DCI missing case, it would be problematic to increase HARQ-ACK bit size only for specific PDSCH occasion. Even if a DCI has an indication of delta-MCS reporting so that UE generates larger HARQ-ACK bit for the PDSCH occasion indicated by the DCI, it makes HARQ-ACK PUCCH vulnerable since that DCI could make changes on semi-static codebook payload size. On the other hand, if increasing HARQ-ACK bit size for all PDSCH to remove DCI ambiguity, payload size of HARQ-ACK codebook would be double. 
Proposal #6: joint coding between delta-MCS and HARQ-ACK bit (at least for all the HARQ-ACKs in the codebook) is not supported

We would like to suggest to multiplex one delta-MCS with HARQ-ACK codebook. Thanks to relatively small payload size of delta-MCS, it is possible to reserve bit space next to HARQ-ACK codebook for delta-MCS. Once delta-MCS triggered, UE may include delta-MCS into the bit space. When delta-MCS is not triggered, UE may fill the space with special value, which mean “No delta-MCS triggered”. For example, following delta-MCS table can be used. 

	Index or bit representation
	Calculated MCS offset

	0
	Reserved (Not triggered)

	1
	0 or higher (MCS offset ≥ 0)

	2
	-1 (MCS offset = -1)

	3
	-2 or lower (MCS offset ≤ -2)



Proposal #7: it can be supported to multiplex delta-MCS with HARQ-ACK codebook.
· Reserved bit in the HARQ-ACK codebook can be supported for the delta-MCS reporting to remove an ambiguity from DCI missing
· Reserved state in table for delta-MCS reporting can be adopted considering the case where delta-MCS is not triggered.

Others
If multiple types of CSI reporting are introduced and multiplexed, it is necessary to define a priority among those CSI. The priory would determine CSI dropping for the lack of UL resource. 
In our view, at least for the URLLC traffic, instantaneous CSI would be more important. Thus, case-2 CSI (if introduced) could have higher priority than others if any, and case-1 CSI (if introduced) would be higher priority than legacy CSI if any. 
Proposal #8: It is necessary to discuss CSI priority if multiple CSI reporting types are supported. 

3. Conclusions
In this contribution, potential enhancements of CSI feedback for the support of URLLC were discussed, and the followings are proposed.
Proposal #1: Do not support A-CSI on PUCCH by DL DCI triggering.
Proposal #2: It needs further consideration on how to alleviate CSI overhead, in order to support increased number bits for sub-band CQI. 
Proposal #3: It can be considered that UE adjust CQI overhead by disabling eCQI based on its channel estimation. 
Proposal #4: For delta-CQI/MCS reporting, existing PUCCH resource allocation method for P-CSI on PUCCH can be re-used. 
· When PDSCH is scheduled with triggering of delta-CQI/MCS reporting, UE may choose a PUCCH resource that satisfies CSI computation timeline, among configured PUCCH resources.
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Proposal #6: joint coding between delta-MCS and HARQ-ACK bit is not supported.
Proposal #7: it can be supported to multiplex delta-MCS with HARQ-ACK codebook.
· Reserved bit in the HARQ-ACK codebook can be supported to remove an ambiguity from DCI missing
· Reserved state in table for delta-MCS can be adopted in the case where delta-MCS is not triggered.
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