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1. Introduction

The mechanisms of PUCCH resource allocation and HARQ codebook determination for NR were specified in Rel-15. However, the current agreements don’t take the reliability and latency requirements of URLLC into account. In this contribution, the enhancements on PUCCH resource allocation and HARQ codebook determination for URLLC are discussed and some proposals are given.
2. Discussion
2.1. PUCCH Resource Allocation
According to the related agreements in Rel-15, the slot number of PUCCH resource allocation is indicated in DCI as PDSCH-to-HARQ timing. Other information such as symbol location, frequency location and CS which can identify a resource set is configured via RRC signaling and a specific resource is indicated with PDCCH. However, latency requirement of URLLC is currently not considered with PUCCH resource allocation of slot level. More flexible PUCCH resource allocation of symbol level is necessary in URLLC. Some enhancements on PUCCH resource allocation for URLLC were proposed [1][2][3] and the solutions can be concluded as follows:

· Separate PUCCH resource sets are configured for eMBB and URLLC. 

· As for specific resource allocation, PDSCH-to-HARQ timing can be indicated as symbol numbers.

· UE can autonomously select PUCCH resource in a preconfigured resource set.

However, UE needs to distinguish DL transmission from URLLC and eMBB to apply different solutions for PUCCH resource allocation. A simple solution is to differentiate URLLC and eMBB via PDCCH. Specifically, two options can be considered.

· Option 1: An indicator can be contained in DCI.

· Option 2:Implicit indication with different search space.

Proposal 1：To apply different solutions for PUCCH resource allocation, UE can distinguish DL transmission from URLLC and eMBB via PDCCH. Specifically, an explicit indicator in DCI or implicit indication with different search space can be considered.
2.2. HARQ Codebook Determination
According to current agreements in HARQ codebook determination, feedback for URLLC and eMBB is not handled respectively. Specifically, type 1 HARQ codebook determination is based on semi-static configured parameters related to PDSCH resource allocation and PDCCH monitoring. However, PDSCH transmission occasion determined by semi-static configuration can be either URLLC or eMBB, which means feedback of URLLC and eMBB is transmitted in a same UCI. Type 2 HARQ codebook determination based on DAI feedback is not handled respectively for URLLC and eMBB either. In order to meet the requirement of reliability, enhancements are needed for HARQ feedback of URLLC. 

According to some related contributions, enhancements on PUCCH reliability and HARQ codebook determination can be discussed in the following cases:

· CASE A:  to allocate different PUCCH for URLLC and eMBB. 

In this case, little modification is needed in type 1 HARQ codebook determination which UE separately determines HARQ codebook of URLLC and eMBB according to separate configurations. And UE separately determines HARQ codebook of URLLC and eMBB by distinguishing their DCI in type 2 HARQ codebook determination.
Observation 1: Reliability can be enhanced by allocating different PUCCH resources for URLLC and eMBB. UE can determine HARQ codebook with separate configuration or distinguished DCI.
· CASE B: to allow feedback of URLLC and eMBB to be transmitted on the same PUCCH. 
In this case, several options are proposed to enhance reliability. [4]
· Option1: Puncture or drop eMBB feedback. 

This option is not preferred because it causes serious effect on eMBB.

· Option2: Postpone eMBB feedback. 

In this option, postponed eMBB feedback may be transmitted together with later eMBB feedback. Thus, procedures of both type1 and type 2 HARQ codebook determination need modifications accordingly. Furthermore, UE will transmit the feedback of eMBB on the allocated PUCCH resource considering the situation where URLLC DCI is missed. And the gNB who is expecting feedback of URLLC will fail to decode the feedback of eMBB. It causes negative effect on eMBB and waste of PUCCH resource. Therefore, it is reasonable that the gNB decodes feedback on the PUCCH under the assumption of both URLLC and eMBB.
· Option 3: Feedback of URLLC and eMBB is transmitted in a same UCI with feedback of eMBB bundled into one bit. 

Type 1 HARQ codebook determination is no longer applicable since bundling is used for eMBB feedback. For URLLC both type1 and type2 HARQ codebook determination can be used. Note that in order to ensure accordance of HARQ codebook at gNB and UE, it is reasonable that one bit feedback for eMBB is always contained in UCI as the first or last bit no matter whether eMBB transmission exists.
Observation 2: Procedures of both type 1 and type 2 HARQ codebook determination need modifications if postponed eMBB feedback is adopted.
Observation 3: Type 1 HARQ codebook determination is no longer applicable if bundling of eMBB feedback is adopted.

Proposal 2: gNB should decode feedback under the assumption of both URLLC and eMBB if postponed eMBB feedback is adopted.
Proposal 3: One-bit feedback for eMBB is always contained in UCI as the first or last bit no matter whether eMBB transmission exists if option 3 is adopted.
3. Conclusion 

In this contribution, we discussed on the enhancements on PUCCH resource allocation and HARQ codebook determination for URLLC. Based on the discussion, we made following proposals:
Proposal 1：To apply different solutions for PUCCH resource allocation, UE can distinguish DL transmission from URLLC and eMBB via PDCCH. Specifically, an explicit indicator in DCI or implicit indication with different search space can be considered.
Proposal 2: gNB should decode feedback under the assumption of both URLLC and eMBB if postponed eMBB feedback is adopted.
Proposal 3: One-bit feedback for eMBB is always contained in UCI as the first or last bit no matter whether eMBB transmission exists if option 3 is adopted.
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