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Introduction
[bookmark: OLE_LINK18]In this document, we analyze the related issues of semi-static codebook if the DL intra UE Tx prioritization/multiplexing is supported for URLLC in R16. Some potential problems are discussed as they may impact URLLC services.
[bookmark: OLE_LINK11]Discussion
2.1 Analysis and discussion of NR Rel-15 semi-static codebook
In NR Rel-15, the size of the semi-static codebook is determined by a number of factors. Those including: a set of k1 values, a set of PDSCH time domain resource allocations, and a TDD-UL-DL-Configuration. The set of k1 values determines the slot position of the PUCCH resource for HARQ-ACK codebook corresponding to the PDSCH. The set of PDSCH time domain resource allocation determines the time domain location of possible PDSCH transmissions in one slot.
When the locations of possible PDSCH transmissions overlap in the time domain, only one HARQ-ACK is generated and transmitted for these overlapping PDSCHs in one semi-static codebook. This is mainly for the simplicity and low overhead of the semi-static codebook. It also considers the trade-off considering the capabilities of the UE. For example, in Figure 1, the locations of the two PDSCHs (PDSCH1 and PDSCH2) transmissions are arranged in the slot. They overlap in the time domain. Then, only one HARQ-ACK is allowed to be fed back for them in a semi-static codebook.


Figure1 Two PDSCH transmission locations and they are overlapping in the time domain in one slot
However, URLLC will be supported in Rel-16 and DL intra UE prioritization/multiplexing may also be supported.  If the UE's URLLC PDSCH can be transmitted by puncturing its own eMBB PDSCH, the size of the semi-static codebook needs to be reconsidered. For example, in Figure 2, PDSCH1 and PDSCH2 are two possible PDSCH transmission locations for one UE. They may overlap in the time domain. After eMBB PDSCH1 has been transmitted, a URLLC service needs to be transmitted.  The URLLC can be transmitted through PDSCH2, eMBB PDSCH1 could be punctured in the symbol overlapping with PDSCH2.


Figure 2 URLLC PDSCH2 has a high priority and is transmitted by puncturing eMBB PDSCH1.
In the example of Figure 2, PDSCH1 and PDSCH2 are overlapped in the time domain, but they are all transmitted in one slot. If we follow the NR Rel-15 procedure, only one HARQ-ACK can be fed back in the semi-static codebook for the two PDSCHs. This is not reasonable. The all transmitted PDSCHs have to be responded with HARQ-ACK.
Several related issues need to be further discussed and clarified:
1. [bookmark: OLE_LINK22]Whether to support the DL intra UE Tx prioritization/multiplexing in NR R16. We think it should be supported due to the existence of some use cases. One use case could be software update/download and URLLC traffic happen at the same time. Thus, former one should not degrade the performance of latter one. Those mechanisms can be done by services transmitted through DL intra UE Tx prioritization/multiplexing.
2. [bookmark: OLE_LINK13]How should the semi-static codebook support DL intra UE Tx prioritization/multiplexing?
3. Whether DL PI needs to be enhanced for DL intra UE Tx prioritization/multiplexing?
We think that RAN1 should discuss the above issues related to DL intra UE Tx prioritization/multiplexing.
[bookmark: OLE_LINK21]Proposal 1: Ran1 should discuss how to enhance the codebook determination for URLLC HARQ-ACK feedback.
[bookmark: OLE_LINK17]
Conclusion
According to the analysis given above, we have the following proposals:
[bookmark: OLE_LINK20]Proposal 1: Ran1 should discuss how to enhance the codebook determination for URLLC HARQ-ACK feedback.
[bookmark: _GoBack]
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