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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK18]In this document, we analyze the related issues of semi-static HARQ-ACK 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 Differentiating eMBB and URLLC in the physical layer
In the RAN1 #94bis meeting, whether or not to differentiate eMBB and URLLC in PHY layer is discussed in some contributions. Methods were provided, e.g. using different DCI formats, different MCS tables or different search spaces for eMBB and URLLC [1][2].
In our opinion, eMBB and URLLC need to be distinguished in the physical layer, because it enables for more than one HARQ-ACK PUCCH within a slot and facilitates UCI multiplexing for overlapped UL channels. For example, with distinguishing between eMBB and URLLC, it’s easier for base station to indicate one PUCCH resource that has earlier starting symbol and fewer symbols to reduce the latency of URLLC HARQ-ACK transmission. The HARQ-ACK transmission of different services can be divided into different PUCCHs in the slot. Another example is when a short URLLC PUCCH overlaps with a long eMBB PUCCH, a possible solution is to puncture the eMBB PUCCH in the overlapped symbols. Differentiation of eMBB and URLLC is then needed as a premise. Meanwhile, we believe that binding a certain transmission mechanism (e.g. DCI format, MCS table) with URLLC is too restrictive. Any transmission mechanism should be applicable to both eMBB and URLLC as what we did in NR Rel-15. Therefore, we prefer a more flexible way for differentiation of eMBB and URLLC, e.g. configure different RNTIs for URLLC and eMBB.
Proposal1: We should differentiate eMBB and URLLC in the physical layer of NR Rel-16 w/o binding a certain transmission mechanism with URLLC.
2.2 Analysis and discussion of NR Rel-15 semi-static HARQ-ACK codebook
In NR Rel-15, the size of the semi-static HARQ-ACK codebook is determined by a number of factors 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 determine the slot position of the PUCCH resource for HARQ-ACK codebook corresponding to the PDSCH. The set of PDSCH time domain resource allocations determine the time domain location of possible PDSCH transmissions in one slot. For example, an existing semi-static codebook mechanism is shown in FIG 1. The k1 set value is {1, 2, 4, 7}, and the slots corresponding to one HARQ-ACK codebook is determined to be slot n-k1 according to k1. In slot n-4, the allocated candidate PDSCH4 includes the UL symbol. No HARQ-ACK is generated for PDSCH4. For PDSCH1, PDSCH2 and PDSCH3 are overlapping in the time domain, so 1 HARQ-ACK information is generated for them.


Figure 1: Current specific semi-static codebook mechanism
When the locations of possible PDSCH transmissions overlap in time domain, only one HARQ-ACK is generated and transmitted for these overlapping PDSCHs in one semi-static codebook. In addition, in the already agreed UE feature [3], it is agreed that up to 2/4/7 unicast PDSCHs per slot can be only in TDM for all Capability 1 and 2. A UE does not simultaneously receive the overlapping PDSCH in the time domain. This is mainly for the simplicity and low overhead of the semi-static codebook. It also considers the trade-off between UE implantation complexity and system performance. For example, in Figure 2, the locations of the two PDSCHs (PDSCH1 and PDSCH2) transmissions are arranged in the slot. They overlap in time domain. Then, only one HARQ-ACK is allowed to be fed back for them in a semi-static codebook.


Figure 2: 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 in order to facilitate the timely transmission of URLLC. Obviously, in NR Rel-16, UE capabilities should support simultaneous reception of multiple overlapping PDSCHs in the time domain. 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 3, PDSCH1 and PDSCH2 are two possible PDSCH transmission locations for one UE. They are overlapped in the time domain, and in Figure 3a PDSCH1 and PDSCH2 are also overlapped in the frequency 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 overlapped with PDSCH2. 


Figure 3: URLLC PDSCH2 has a high priority and is transmitted by puncturing eMBB PDSCH1.
In the example of Figure 3, PDSCH1 and PDSCH2 are overlapped in the time domain. 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 mechanism is not optimal, and a new semi-static HARQ-ACK generation method should be considered to support URLLC transmission by puncturing eMBB in NR Rel-16.
[bookmark: OLE_LINK17]Here are some suggestions for possible improvements:
Alt1: For HARQ-ACKs of overlapping candidate PDSCHs, HARQ-ACK is generated only for URLLC. And HARQ-ACK of eMBB is dropped. The Alt1 is similar to the existing method, but dropping the HARQ-ACK of the eMBB is not efficient, which will cause the eMBB data to be retransmitted.
Alt2: For overlapping candidate PDSCHs, HARQ-ACK is generated for each PDSCH. Then, the overhead of HARQ-ACKs is the large.
Alt3: Differentiate the candidate PDSCHs of URLLC and eMBB, and to generate semi-static HARQ-ACK codebooks for them respectively. For example, in FIG. 4, the candidate PDSCH (red) of the URLLC generates 4 HARQ-ACKs information, and the candidate PDSCH (green) of the eMBB generates 2 HARQ-ACKs information. Their HARQ-ACKs can also be multiplexed in a HARQ-ACK codebook if the different HARQ-ACK PUCCH resource overlap with each other or the same PUCCH resources are indicated as their HARQ-ACKs. For overlapping candidate PDSCHs, the HARQ-ACK overhead of Alt3 is between Alt1 and Alt2. Alt3 does not cause the HARQ-ACK of the eMBB to be dropped.


Figure 4: URLLC and eMBB respectively generate HARQ-ACK information in one slot
In summary, in NR Rel-16, DL intra-UE multiplexing should be supported in order to transmit URLLC in time. An enhancement of semi-static HARQ-ACK codebook should be considered.
Proposal2: DL intra-UE multiplexing should be supported in order to transmit URLLC in time. An enhancement of semi-static HARQ-ACK codebook should be considered in NR Rel-16.
Conclusion
According to the analysis given above, we have the following proposals:
Proposal1: We should differentiate eMBB and URLLC in the physical layer of NR Rel-16 w/o binding a certain transmission mechanism with URLLC.
Proposal2: DL intra-UE multiplexing should be supported in order to transmit URLLC in time. An enhancement of semi-static HARQ-ACK codebook should be considered in NR Rel-16.
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