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Introduction
[bookmark: _Hlk525601705][bookmark: _Hlk525602213][bookmark: _Hlk510705081]The URLLC L1 study item was approved in RAN#80, and the SID was further updated in RAN1#81 [1]. The following UCI enhancements was included as one of the objectives:
URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified, 
· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 
· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements
On enhanced HARQ feedback, the following was agreed in RAN1#94:
Agreements: 
· Study further how to enable more than one PUCCH for HARQ-ACK transmission within a slot.

Agreements: 
Study further whether/how to enable enhanced reporting procedure/feedback for HARQ-ACK.
· Enhanced HARQ-ACK multiplexing on PUSCH and PUCCH
· Finer indication for HARQ feedback timing, e.g. symbol-level, half-slot, etc.
· Note: this may be related to more than one PUCCH for HARQ-ACK tx within a slot
· Other enablers are not precluded
In this contribution, we discuss further how to support more than one PUCCH for HARQ-ACK transmission in a slot, and the corresponding HARQ-ACK feedback procedure for URLLC.
Discussion
During RAN1#94 discussion, companies generally saw the necessity of supporting more than one PUCCH for HARQ-ACK in a slot for URLLC (which was also discussed in our previous contribution [2]). The next question is how to enable more than one PUCCH for HARQ-ACK in a slot. There are different approaches to achieve it, and here we discuss some most straightforward alternatives.
Alt 1: HARQ-ACK is always transmitted in the PUCCH resource indicated, and PDSCHs indicating the same PUCCH resource have their HARQ-ACK bits multiplexed together. There is no overriding of PUCCH resource in the later DCI.
· This is in contrast to Rel-15 behavior where the PUCCH resource indicator in the last DCI overrides the previous ones when multiple DL DCI points to the same slot for HARQ-ACK feedback.
· This does not put a hard limit on the number of PUCCHs (especially if they are non-overlapping in time) that can be transmitted in a slot by design. Of course overlapping of the PUCCHs still needs to be handled.
· However, it does not allow the gNB to re-assign different PUCCH resource for more efficient multiplexing and/or collision avoidance as the payload grows (where the same PUCCH resource index could point to a resource in a different resource set).
Alt 2: follow the Rel-15 mechanism but use a smaller granularity (e.g. half-slot) instead of a slot
· Use half-slot as an example, each DL DCI indicates a PUCCH resource starting in a particular half-slot. The HARQ-ACK for all the DL DCIs pointing to the same half-slot is carried in the same PUCCH (indicated by the last DCI). This allows the reuse of the Rel-15 framework. Same as in Rel-15, it allows the gNB to re-assign PUCCH resource in the later DCI.
· However, it limits the number of PUCCH carrying HARQ-ACK in a slot, and the number depends on the granularity being used. E.g. if half-slot granularity is used, there can be at most 2 PUCCHs carrying HARQ-ACK per slot.
Whether finer indication for HARQ-ACK timing would be necessary or beneficial depends on what alternative is chosen to enable multiple PUCCHs for HARQ-ACK. For Alt 1, the existing resource indication is likely to be sufficient. For Alt 2, it would make sense to e.g. modify K1 indication to be based on the smaller granularity such as half-slot.
Proposal 1: Support multiple PUCCHs carrying HARQ-ACK in a slot. Detailed mechanism FFS.
A related but somewhat orthogonal question is whether to allow a separate codebook and separate transmission for URLLC HARQ-ACK from e.g. eMBB HARQ-ACK and CSI. As discussed in [2], we see the benefit of allowing such an operation in terms of both latency and reliability, because it would lead to a smaller payload size for URLLC HARQ-ACK (good for reliability) and URLLC HARQ-ACK would not get delayed due to multiplexing with other UCI (good for latency).
Even though it is possible to use implicit approaches to achieve separate HARQ-ACK codebooks for URLLC and eMBB (e.g. based on PUCCH resource indication, search space that DCI is carried in, etc), any implicit approach would introduce some restricition in gNB resource scheduling. So a preferred approach is to use explicit signalling, by adding a bit in DL assignment to indicate that the corresponding HARQ-ACK should follow a separate procedure. For example, all the DL assignments with the bit set to 1 (corresponding to URLLC) would be used to construct one HARQ-ACK codebook, while all the DL assignments with the bit set to 0 (corresponding to eMBB) would follow Rel-15 behavior to construct another HARQ-ACK codebook and any associated multiplexing rules. The detailed procedure would depend on what approach we adopt for supporting multiple PUCCHs carrying HARQ-ACK in a slot.
Introducing explicit signalling in DCI could also bring some side benefits that can be considered further, such as:
· It allows the possibility of having separate PUCCH resource configurations for URLLC and eMBB.
· It allows the possibility of interpreting PUCCH resource indication differently for URLLC and eMBB.
· It allows the possibility of having e.g. different power control parameters for the two types of PUCCHs to achieve different reliability.
From specification point of view, the explicit signalling does not have to say the PDSCH carries URLLC traffic. It simply indicates a special type of traffic that would map to a set of clearly-defined behaviours for providing HARQ-ACK feedback. To make it easier for reference, we will call this kind of HARQ-ACK feedback as “Type-A” HARQ-ACK in the following discussion.
Proposal 2: Introduce a 1-bit configurable field in DCI format 1_1 (and the new compact DCI if introduced) to indicate whether the corresponding HARQ-ACK should follow a separate feedback procedure (“Type-A” HARQ-ACK). Detailed feedback procedure FFS.
If we have a separate codebook for Type-A HARQ-ACK and use separate PUCCH to carry it, further aspects that need to be considered include:
· what can be further multiplexed on the PUCCH carrying Type-A HARQ-ACK
· how to handle the cases when this PUCCH overlaps with other PUCCH/PUSCH
On the first question, it would make sense to at least allow URLLC SR to be multiplexed together with Type-A HARQ-ACK on PUCCH, because (1) URLLC SR also has low latency requirement; (2) SR is a single bit, and existing multiplexing mechanism can be reused without affecting reliability much. Similarly, we call the SR that is allowed to be multiplexed with Type-A HARQ-ACK as Type-A SR. What is lacking is a mechanism to determine what should be considered as Type-A SR. RRC configuration could be one approach. Another reasonable approach without introducing new higher layer signalling would be to determine implicitly based on SR periodicity and/or duration. For example, a SR configuration may be assumed to have low latency requirement if the periodicity is less than a slot. Duration could also be part of the consideration because if SR duration is too long, multiplexing it with HARQ-ACK may introduce additional delay for HARQ-ACK.
On whether other HARQ-ACK (e.g. for eMBB traffic) and CSI can also be multiplexed with Type-A HARQ-ACK, we should at least support an operation where such multiplexing is not performed. This is to ensure that the reliability is not degraded due to larger payload size. Then it can be further discussed whether to allow the multiplexing of other HARQ-ACK and/or CSI with Type-A HARQ-ACK/SR by configuration, and possibly together with other criterion such as the payload size.
Proposal 3: Type-A SR can be multiplexed with Type-A HARQ-ACK on a PUCCH.
· FFS how to determine if a SR configuration belongs to Type-A (implicit or explicit)
· FFS whether other UCI may be configured to be multiplexed with Type-A HARQ-ACK on a PUCCH.
In terms of the handling of multiplexing/prioritization in case of multiple PUCCH(s)/PUSCH(s) overlapping in time, the first question to answer is whether the UE could support parallel transmissions of multiple channels. In Rel-15, it was decided not to support parallel transmission. A decision would also need to be made for Rel-16 before discussing how to handle multiplexing/prioritization.
Observation: it needs to be decided whether a UE can support parallel transmissions of multiple channels in Rel-16.
The following discussion assumes that the UE does not support parallel transmissions of multiple channels.
Regarding the overlapping of this PUCCH carrying Type-A HARQ-ACK and other PUCCHs (which can carry regular HARQ-ACK regular SR, CSI), it is obvious that it should have higher priority than other PUCCHs. Prioritization behaviour can be defined as one of the following:
1. The lower priority PUCCH is punctured by the higher priority PUCCH.
2. The lower priority PUCCH is stopped when the higher priority PUCCH starts, and it does not resume afterwards.
Proposal 4: PUCCH carrying Type-A HARQ-ACK/SR has higher priority than other regular PUCCH. FFS the exact handling of the lower priority channel.
If this PUCCH overlaps with PUSCH, the question is whether to multiplex Type-A HARQ-ACK/SR on PUSCH, or to prioritize one channel over the other.
For eMBB PUSCH (typically with a long duration), if we multiplex HARQ-AC/SR on the PUSCH, it may cause additional delay, which is not desirable for Type-A HARQ-ACK/SR. So it would be better not to allow the multiplexing of Type-A HARQ-ACK/SR on PUSCH, at least when the PUSCH ends much later than PUCCH. Further, PUCCH should ideally take higher priority than eMBB PUSCH. On the other hand, for URLLC PUSCH, it would be desirable to transmit the PUSCH. At the same time, it makes sense to allow the multiplexing of Type-A HARQ-ACK/SR on PUSCH, to avoid dropping Type-A HARQ-ACK/SR. However, to support such kind of behaviour, we would need to identify URLLC PUSCH vs. regular PUSCH. Dynamic signalling in UL grant would be one way to identify.
Alternatively, to avoid the explicit identification of URLLC PUSCH, the PUSCH duration could be used to decide whether to multiplex Type-A HARQ-ACK/SR on PUSCH. The rationale is that as long as the PUSCH does not end much later than PUCCH, allowing multiplexing would not introduce much additional delay. Moreover, URLLC PUSCH tend to use a smaller duration in order to achieve the low latency.
In any case, it appears to be beneficial to identify a “Type-A” PUSCH, where Type-A HARQ-ACK/SR is allowed to be multiplexed on Type-A PUSCH.
Proposal 5: Consider the identification of a Type-A PUSCH, where Type-A HARQ-ACK/SR is allowed to be multiplexed on Type-A PUSCH, and study further the identification mechanism (implicit or explicit).

Conclusion
Proposal 1: Support multiple PUCCHs carrying HARQ-ACK in a slot. Detailed mechanism FFS.
[bookmark: _GoBack]Proposal 2: Introduce a 1-bit configurable field in DCI format 1_1 (and the new compact DCI if introduced) to indicate whether the corresponding HARQ-ACK should follow a separate feedback procedure (“Type-A” HARQ-ACK). Detailed feedback procedure FFS.
Proposal 3: Type-A SR can be multiplexed with Type-A HARQ-ACK on a PUCCH.
· FFS how to determine if a SR configuration belongs to Type-A (implicit or explicit)
· FFS whether other UCI may be configured to be multiplexed with Type-A HARQ-ACK on a PUCCH.
Proposal 4: PUCCH carrying Type-A HARQ-ACK/SR has higher priority than other regular PUCCH. FFS the exact handling of the lower priority channel.
Proposal 5: Consider the identification of a Type-A PUSCH, where Type-A HARQ-ACK/SR is allowed to be multiplexed on Type-A PUSCH, and study further the identification mechanism (implicit or explicit).
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