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1 Introduction

In the RAN1 #88 meeting [1], the following agreements related to PUCCH resource allocation and CA/DC were achieved:

· Both TDM and FDM between short duration PUCCH and long duration PUCCH are supported at least for different UEs in one slot
· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is 16

· Note that 32 is considered from RAN2 specification perspective

· The number of NR CCs in any aggregation is independently configured for downlink and uplink 
In the RAN1 #88b meeting [2], the following agreements related to PUCCH resource allocation were achieved:

· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· The two NR-PUCCHs can be short-PUCCH.

· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.

· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH

· FFS: other multiplexing scheme(s) between the two NR-PUCCHs

· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs)

· The set of the number of symbols for long duration NR-PUCCH in a slot includes {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14}

· FFS whether or not it depends on the slot type, # of symbols per slot, etc.
In the 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 this contribution, we will discuss the CSI feedback mechanism and PUCCH resource allocation for CSI feedback.
2 Discussion
2.1 Payload size of CSI feedback
The existing CSI reporting contents supported in LTE could be the baseline for the corresponding reporting contents in NR. As in LTE, different bits of UCI feedback correspond to different coding mechanism and different PUCCH formats. The CQI/PMI and RI reporting types with distinct periods and offsets are supported for the PUCCH CSI reporting modes. Different reporting types correspond to different CSI payload sizes. For a single serving cell in LTE, the maximum size of A-CSI report is 112 bits for the DL bandwidth of 100 RB with PUSCH Mode 3-2, and the maximum size of P-CSI report transmitting through PUCCH format 3 is 11 bits for a CSI process in Rel-13. 
As agreed in RAN1 #88 meeting [1], the maximum number of NR carriers for carrier aggregation is 16 from RAN1 specification perspective. In addition, it is possible that the payload size of CSI reporting would be increased in NR. NR Type I codebook supports rank 1-8, and Type II codebook supports rank 1-2. Payload size of NR Type I codebook depends on RI values, and the typical payload size of LTE/NR codebook is shown in [4]. For Rank 5-8, larger payload size is achieved in Type I codebook than LTE Rel-13/14 Class A codebook. Type II codebook focus on high resolution CSI feedback with more codewords/beams employed, which requires high feedback overhead [5]. Considering that the reliability is also important in some cases and it is possible there is some coverage issue for some UEs. It would be beneficial to reduce the payload size of CSI feedback at least for some scenarios. Several enhancements can be considered for CSI overhead reduction in NR. 
· If up to 16 CCs are to be reported in one CSI report, it would be a very large payload size. When wider carrier bandwidth is used, the need of supporting one CSI report including 16 CCs is not that necessary. Therefore, the number of CCs within one CSI report can be decreased to reduce the UCI payload size.
· Since the CQI, PMI, PTI, CRI and/or RI has different performance requirement or brings different gain, the CSI reporting content should consider the importance and necessity of the information. On one hand, RI, CRI, and PTI feedback may be updated with a longer time interval since this information would not be changed frequently. On the other hand, CQI and PMI need feedback frequently for the sake of fast link adaption. Therefore, the priority of the CSI contents can be further studied, including the beam related information, etc. The less import CSI reporting content can be dropped according to the priority to reduce the UCI payload size.
Proposal 1: The maximum number of CCs within one CSI report can be limited to reduce the CSI payload size.
Proposal 2: Study the priority of CSI contents and the dropping mechanism to reduce the CSI payload size.
2.2 Resource allocation for CSI feedback

With the reason that payload sizes of P-CSI are predefined, to simplify the issue and reduce the signalling overhead, the time and frequency domain resource for P-CSI transmission can be semi-statically configured by high layer signalling. For semi-persistent CSI reporting, the resource allocation would relate to the activation/deactivation mechanism and triggering method. However, there is a possibility that if slot-type (DL-only, UL-only, DL-centric or UL-centric) is dynamically changed, for example, the slot that P-CSI is going to report on is a DL-only slot because of dynamic changing. Therefore, some semi-static configured resources cannot be used. In this case, as one option, UE can postpone the transmission in the next nearest available resource in a predefined manner. Another option is that UE can transmit the periodic information in the reconfigured resource, which can be reconfigured according to the updated parameter configuration of periodic transmission. The two options are shown in figure 1.
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Figure 1. Resource for periodic transmission when slot-type is changing dynamically
For the above two options, if the UE cannot find an available slot for a fixed period of time, periodic transmission would be dropped. For A-CSI on PUSCH, similar problem can be caused by dynamic changing of slot-type. In this case, UE can postpone the aperiodic transmission in the next nearest available resource in a predefined manner or UE can transmit the aperiodic transmission according to the updated triggering information. The minimum threshold of processing time for A-CSI should be considered to ensure the aperiodic information is ready to transmit.
When different types of UCI are transmitted simultaneously, resource allocation for PUCCH should have different types depending on different cases. For one case, 1 or 2 bit of ACK/NACK is transmitting with P-CSI simultaneously. In this case, it is possible there is no need to dynamically signal another resource for ACK/NACK transmission and this ACK/NACK can be combined transmitted with CSI.  For another case, larger payload size of ACK/NACK is needed to transmit together with P-CSI. In this case, due to the resource configured for CSI may be not enough for combined transmission, ACK/NACK cannot be transmitted in CSI resource. Then new resource should be signalled for the combined UCI transmission. Both short duration PUCCH and long duration PUCCH can be used for CSI reporting, the joint UCI can be transmitted in short duration PUCCH or long duration PUCCH considering the payload size. In another case, as the agreement that TDM between short duration PUCCH and long duration PUCCH are supported for same or different UEs in one slot in RAN1 #88bis meeting, UCI transmission can take this into consideration. There is a possibility that UCI can be separated into two parts, for example HARQ ACK/NACK (SR) and CSI, and transmitted in short PUCCH and long PUCCH separately according to latency requirement.
Proposal 3: When slot-type changes, resource for periodic transmission should be reconfigured.
Proposal 4: Different resource allocation schemes could be considered when CSI is transmitted simultaneously with other UCI type(s).

Proposal 5: When two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner, UCI can be transmitted on short PUCCH or long PUCCH or both in a separately way.
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: The maximum number of CCs within one CSI report can be limited to reduce the CSI payload size.

Proposal 2: Study the priority of CSI contents and the dropping mechanism to reduce the CSI payload size.

Proposal 3: When slot-type changes, resource for periodic transmission should be reconfigured.

Proposal 4: Different resource allocation schemes could be considered when CSI is transmitted simultaneously with other UCI type(s).

Proposal 5: When two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner, UCI can be transmitted on short PUCCH or long PUCCH or both in a separately way.
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