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1 Introduction

In 3GPP RAN1 Ad-hoc#2 meeting [3], the following agreements related to CSI were achieved:
· Periodic CSI reporting is carried at least on 

· Short PUCCH 

· Long PUCCH

· FFS whether in single-slot only or in multiple slots

· Type I CSI feedback is supported for P/SP/A-CSI and can be carried on either one of PUCCH and PUSCH

· Type I subband CSI can be carried on either one of PUSCH and long PUCCH

· Type II CSI is carried at least on PUSCH

· FFS CSI on PUCCH
In 3GPP RAN1 #90bis meeting [4], the following agreements related to CSI were achieved:

· For A-CSI on short PUCCH with single CSI report, down select from the following:

· Alt 1:
· The CSI report is triggered with CSI request field in DL-related DCI
· UE-specific or UE-group-specific DCI is to be discussed in control channel session
· PUCCH resource indicator field in DL-related DCI indicates the PUCCH resource for the triggered CSI report from a set of higher-layer configured PUCCH resources

· Alt 2:

· Use UE-specific UL-related DCI, CSI request field triggers a CSI report. It is indicated in the CSI Report Setting if PUCCH or PUSCH is used

· Alt 3:


· Use UE-specific UL-related DCI, indication on if PUCCH or PUSCH is used is determined by bit in DCI

· At least for when Type I CSI collides with Type I CSI and Type II CSI collides with Type II CSI

· The following priority order for CSI periodicity types applies

· Aperiodic CSI > P-CSI

· Aperiodic CSI > SP-CSI

· Note: Study further on the priority between SP-CSI and P-CSI

· CSI on PUSCH has priority over CSI on PUCCH

· Only one CSI periodicity type is piggybacked on PUSCH

· Lower priority CSI is dropped when there is a collision

· Aperiodic CSI on PUCCH is dropped if there is a collision with PUSCH

· TBD in RAN1#91 If the above applies for Type I CSI collides with Type II CSI as well

· The PUCCH resource for P-CSI only transmission is semi-statically configured

· FFS PUCCH resource allocation for semi-persistent CSI
In this contribution, we will discuss the CSI feedback mechanism and PUCCH resource allocation for CSI feedback.
2 Discussion
2.1 Triggering A-CSI on short PUCCH

As agreed in RAN1 Ad-hoc#3 meeting, A-CSI reporting is supported on short PUCCH. Three alternatives are listed in terms of how to trigger and allocate resource for aperiodic CSI (A-CSI) on short PUCCH in RAN1#90bis meeting. However, no concensus is achieved on how to support A-CSI on short PUCCH in RAN1#91 meeting. 
When the A-CSI report is transmitted on PUCCH, it makes more sense to include a CSI request field in DL-related DCI. In general, triggering A-CSI report is more for DL heavy traffic and there is a need to allow frequent and flexible triggering opportunities. Considering that in this scenario, there are more DL assignments and therefore, it is more natural to carry such triggering in DL assignment.  For example, for the case same-slot of A-CSI reporting, the UE is likely being scheduled with PDSCH in the same slot so that it can be triggered with an immediate CSI report in the DL assignment. In addition since the DL-related DCI already contains a PUCCH resource indicator field for HARQ-ACK, it makes sense to indicate PUCCH resource for A-CSI in this field. 
Proposal 1: For triggering A-CSI on short PUCCH, 

· The CSI report is triggered with CSI request field in DL-related DCI.
2.2 PUCCH resource for A-CSI
According to the email discussion after RAN1#90bis, whether HARQ-ACK and A-CSI can be allocated on the same PUCCH resource or different PUCCH resources in TDM manner are discussed. If HARQ-ACK and A-CSI are triggered by the same DL-related DCI, it is simple to have the same PUCCH resource for HARQ-ACK and A-CSI. For this end, joint coding of HARQ-ACK and A-CSI is required. Note that the detailed method for joint coding can be flexible, for example, two coding methods can be considered. The first one is the direct coding scheme, in which both HARQ-ACK and A-CSI are coded and transmitted in the common allocated PUCCH resource. The second one is an enhanced coding scheme, in which only HARQ-ACK or A-CSI needs to be transmitted, explained as follows.

· If the A-CSI is used for MCS adjustment, this message only makes sense when the subsequent transmission is required. Then if the initial transmission is already successfully decoded, only ACK is coded and transmitted in case of successful data decoding. 
· For NACK before the last repetition, NACK is dropped and only A-CSI is coded and transmitted in case of unsuccessful data decoding, and the feedback of A-CSI implicitly indicates the unsuccessful data decoding. 
· When the whole repetition completes and the data is still unsuccessfully decoded, A-CSI is dropped and NACK should be coded and transmitted.
Proposal 2: If HARQ-ACK and A-CSI are triggered by the same DL-related DCI, support to use the same PUCCH resource for HARQ-ACK and A-CSI.
Nevertheless, allocating the same PUCCH resource for HARQ-ACK and A-CSI would limit the flexibility for the gNB. It is more beneficial to support different PUCCH resources for HARQ-ACK and A-CSI at least. As is agreed, same-slot feedback is often required. However, larger CSI processing time by the UE is needed when A-CSI with many antenna ports are triggered. That is, the timing for A-CSI report may be variable. Therefore, it is a flexible way to support both same PUCCH resource and different PUCCH resources in TDM manner for HARQ-ACK and A-CSI.
Further, if A-CSI is triggered by DL-related DCI, and the UE is configured to support simultaneous transmission of A-CSI and HARQ-ACK, for the following case:

a) On slot (n+0), gNB triggers an A-CSI by DCI-1, and the A-CSI should be transmitted on slot (n+k); 
b) On slot (n+1), gNB schedules a PDSCH by DCI-2, and the related acknowledgement needs to be transmitted on slot (n+k) also.
If same PUCCH resource is configured on these two DCIs, UE and gNB will have different understanding on the payload size of UCI when the DCI-1 is missed. To resolve this issue, we propose to indicate two different PUCCH resources on two DCIs, PUCCH-1 on DCI-1 and PUCCH-2 on DCI-2 respectively. If DCI-1 and DCI-2 are both detected by UE, UE will transmit the A-CSI and HARQ-ACK on PUCCH-1. If DCI-1 is missed and DCI-2 is detected by UE, UE will transmit the HARQ-ACK only on PUCCH-2. Then gNB will detect PUCCH-1 and PUCCH-2 on slot (n+k) to judge if UE missed the DCI-1.
Proposal 3: If A-CSI and HARQ-ACK triggered by two DCIs are reported on the same slot, different PUCCH resources in TDM manner for the A-CSI and HARQ-ACK should be used.

· If the DCI triggering A-CSI is detected, UE should transmit A-CSI on the PUCCH resource indicated by this DCI.

3 Conclusions
In this contribution, PUCCH resource allocation for CSI feedback has been discussed. Based on above discussions, following and proposals are given. 

Proposal 1: For triggering A-CSI on short PUCCH, 

· The CSI report is triggered with CSI request field in DL-related DCI.
Proposal 2: If HARQ-ACK and A-CSI are triggered by the same DL-related DCI, support to use the same PUCCH resource for HARQ-ACK and A-CSI.
Proposal 3: If A-CSI and HARQ-ACK triggered by two DCIs are reported on the same slot, different PUCCH resources in TDM manner for the A-CSI and HARQ-ACK should be used.

· If the DCI triggering A-CSI is detected, UE should transmit A-CSI on the PUCCH resource indicated by this DCI.
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