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1. Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In the previous meeting, RAN1 derived a lot of agreements. In this contribution, we focus on the remaining aspects for UCI transmissions.
2. Discussion
2.1. Sub-slot configurations
In Rel-16, the sub-slot can be applied to derive HARQ-ACK feedback timing. About details of sub-slot configurations, the following agreements are made. Sub-slots of length 2 or 7 are agreed.
	Agreements:
At least one sub-slot configuration for PUCCH can be UE-specifically configured to a UE.
· At least support following two sub-slot configurations for PUCCH: “2-symbol*7” and “7-symbol*2”.
· FFS other configurable sub-slot configurations, e.g. 4, 14 sub-slots in a slot.
· For the above two sub-slot configurations (“2-symbol*7” and “7-symbol*2”), support a single configuration for PUCCH resource following R15 applicable for all the sub-slots in a slot.
· FFS whether or not to additionally support that PUCCH resource configuration can be different for different sub-slots
· FFS for other sub-slot configurations, if any.   
· FFS: If a PUCCH resource across sub-slot boundary is supported.



With given sub-slots of 2/7-symbol, there are proposals about supporting possibly different PUCCH resource configurations per sub-slot. This will increase the flexibility to maintain similar number of HARQ-ACK bits per sub-slot, and we come up with two examples.
For an example, supposedly the serving gNB tends to schedule PDSCH at the early in a slot and to request the HARQ-ACK at late in the slot. This tendency leads to more HARQ-ACK bits for later sub-slots. This imply that earlier sub-slots may have more PUCCH resources and less target BLER than later sub-slots.
Another example would be a TDD, whose slot formats may have several consecutive DL slots following a special slot which has both DL and UL. The HARQ-ACK feedback of DL slots will corresponds to the sub-slot in the special slot. This is because sub-slot configuration did not consider both traffic patterns and semi-static sub-slot patterns. Again, earlier sub-slot and later sub-slot may have uneven configurations for PUCCH resource.
There might be some ways to deal with this issue. One alternative is to allow different configurations of PUCCH resource per sub-slot. However, we think that there is no strong need to introduce different configurations of PUCCH resource per sub-slot because this can also be relieved if the sub-slot boundary is differently configured. Thus, if we allow increasing the length of sub-slots, i.e., unequal length of sub-slots, then the similar payload for PUCCH will be achieved. 
Considering the length of each mini-slot, at least 4-symbol sub-slot will be useful. The concept of sub-slot comes from HARQ timing for PUCCH and the concept of mini-slot comes from the time resource allocation for PUSCH. They have some relationships in terms of UCI piggyback on PUSCH. If PUCCH resource does not cross the sub-slot/mini-slot, then it is convenient to process multiplex UCI with UL-SCH. We note that if 4-symbol length is adopted, then 3-symbol length is also adopted to fit the slot boundary.
[bookmark: _Ref21266802]Proposal 1: Other length (e.g., 3/4-symbol) per sub-slot are additionally supported.
If additional length is introduced, then we have to discuss sub-slot patterns in a slot. For example, 14-symbol slot can be partitioned using 4-symbol sub-slots as many patterns such (3,4,3,4) or (3,3,4,4) or (4,4,3,3). Each pattern could be useful and we prefer to indicate an index to a sub-slot pattern which is configured by higher layer. 
To reduce the signalling overhead, we can fix a sub-slot pattern in the specification and to indicate the number of sub-slots per slot. Regarding TDD with semi-statically configured SFI, we think that sub-slot pattern can be differently interpreted from a full UL slot. With the given number of sub-slots, adjacent non-DL symbols can be grouped into a sub-slot for HARQ-ACK feedback. Again, to reduce the signalling overhead, the number of sub-slots per slot can determine the sub-slot patterns depending on the SFI.
[bookmark: _Ref21266805]Proposal 2: The number of sub-slots per a slot determines sub-slot pattern.
2.2. Repeated UL transmissions
While the previous discusses have focused on a single transmission, the Rel-16 URLLC can configure repeated transmissions (such as mini-slot aggregation). The UL repetition in Rel-16 URLLC is different from the Rel-15 NR because the Rel-16 URLLC reduces latency whereas Rel-15 NR extends the coverage or tunes for the SFI. The Rel-15 behavior is to allow a single type of UCI to repeat and prioritize the PUCCH repetition over the PUSCH repetition in the overlapped slot.
In the Rel-16 URLLC, the UL-SCH can be repeated within a slot. Thus, we consider the UCI transmission while the UL-SCH is repeating. On one hand, the principle to the slot aggregation can be extended to the case of the mini-slot aggregation. The PUCCH is transmitted and the overlapped PUSCH instances among the PUSCH occasion are dropped. Since the UL-SCH is as important as the UCI, this principle should be reconsidered in the Rel-16 URLLC scenario.
On the other hand, a UCI (i.e., HARQ-ACK) can be piggybacked onto overlapped PUSCH instances because the UCI is not repeated and thus the serving gNB may decode UCI once. We believe that the UCI should be multiplexed onto the overlapped PUSCH instances because of tight latency requirements from the URLLC DL traffic.
[bookmark: _Ref24047727]Proposal 3: For at least the repeated UL-SCH, the priority of URLLC UL-SCH and URLLC UCI are re-considered.
The UL-SCH is coded and mapped for each PUSCH instance, and each PUSCH instance can be transmitted independently. We believe that each PUSCH instance can be a unit of multiplexing UCI, at least for URLLC. Following the previous agreements (subslot based HARQ-ACK timing), some PUSCH instances that collide PUCCH can carry HARQ-ACK.
[bookmark: _Ref24047732]Proposal 4: For enhanced PUSCH repetition, only some of PUSCH instances multiplex UCI if feasible.
Regarding the multiplex timing, the indicated HARQ-ACK timing can be reused for the Rel-16 PUSCH occasion. The PUSCH instance can be determined by the first overlapped PUSCH instance with the indicated PUCCH resources. When there are many PUCCHs while the PUSCH occasion continues, more than one PUSCH instances can overlaps with respective PUCCH. In this case, we can identify a few alternatives to determine which PUCCH instance to multiplex the HARQ-ACK.
· Alt 1: HARQ-ACK is multiplexed in the first PUSCH instance among the PUSCH occasion.
· Alt 2: HARQ-ACK is multiplexed in the respective overlapped PUSCH instance among the PUSCH occasion.
The Alt 1 is the direct extension of the Rel-15 behavior provided that the PUSCH occasion is regarded as a single transmission. In the Rel-15, the UCI is placed after the front-loaded DM-RS. However, in the Rel-16 PUSCH occasion has each DM-RS resource per PUSCH instance and we do not need to multiplex the HARQ-ACK in the first PUSCH instance. Furthermore, the HARQ feedback time would be given from the first PUSCH instance, which can significantly reduce the processing time. Otherwise, PDSCH should not be assigned. In our view, the HARQ feedback timing can be maintained and HARQ-ACK can be transmitted in the sub-slot by using the respective PUSCH instance.
Each PUSCH instance can be considered an independent transmission because each PUSCH instance has a DM-RS resource and maps a TB. Thus, we can think of the Alt 2, which multiplex each HARQ-ACK with each PUSCH instance(s) that is overlapped. The HARQ feedback timing is kept the same and in turn the processing time needs not unintentionally reduced.
[bookmark: _Ref24047735]Proposal 5: Among the PUSCH occasion, HARQ-ACK is multiplexed in the respective overlapped PUSCH instance.
This can relax the Rel-15 principle that UL-DCI must be later than all DL-DCI and error occurs otherwise. If URLLC is considered, then the scheduling restriction is not desirable to avoid this constraint. Even though the UL-DCI is received before some DL-DCI, the UCI can be multiplexed in some PUSCH instances. UE has already processed UL-SCH, and while UE can generate next PUSCH instance, UE can rate match/puncture UL-SCH and multiplex UCI.
[bookmark: _Ref24047740]Proposal 6: Consider relaxing the constraint: for UCI multiplexing on PUSCH, UL-DCI can be received before some DL-DCI.
2.3. eMBB HARQ-ACK vs. URLLC HARQ-ACK
It is agreed that eMBB HARQ-ACK would be dropped due to URLLC HARQ-ACK. There was a FFS resending HARQ-ACK, whose issue is natural to ask if a UE drops eMBB HARQ-ACK by URLLC UL transmission. When the UE drop all eMBB HARQ-ACK, the serving gNB should retransmit all DL-SCH. This wastes DL resources and degrades DL throughput. To solve this problem, we suggest that the gNB can request the UE to retransmit eMBB HARQ-ACK. In this case, eMBB DL throughput can be kept similar with the dynamic URLLC multiplexing.
[bookmark: _Hlk21273288]To facilitate the retransmission of HARQ-ACK, we propose that the next UL transmission (either PUSCH or PUCCH) can carry the dropped HARQ-ACK bits. The DCI can include the DAI that count all current and previous number of HARQ-ACK bits. The DCI has additional field to indicate whether or not transmit the dropped HARQ-ACK bits. The new HARQ feedback timing is now changed to the indicated next UL transmission.
[bookmark: _Ref21266849][bookmark: _Hlk21273316]Proposal 7: Discuss the way of resending HARQ-ACK feedback.
2.4. Other HARQ-ACK schemes
There is a case where a HARQ-ACK feedback is useless due to its latency bound. With the given numerology, the maximum number of retransmissions is fixed because its next retransmission would be meaningless due to the latency bound. The last allowed DL transmissions does not require HARQ-ACK feedback, and in turn, UE need not report HARQ-ACK for this HARQ process. 
For codebook-less HARQ, UE does not transmit the PUCCH. For Type-1 codebook, UE should set some bits to the known value such as ACK. For Type-2 codebook, UE should not count for the HARQ-ACK bit. In this case, the DL-DCI for the HARQ-less PDSCH can indicate implicitly or explicitly indicate not to transmit HARQ feedback.
Introducing new field in DL-DCI can be considered, but due to DCI overhead, it is desirable to have an implicit way of not feeding back. As we pointed above, the maximum number of retransmissions is limited, invalid HARQ parameters can be indicated. For an example, some redundancy version may not be used and reserved, which could implicitly indicate not to feed back. Another example can be an invalid K1. In principle, the K1 should be larger than the processing capability and less than the latency budget. If DL-DCI indicates an invalid K1, then UE may not perform HARQ feedback.
In addition, DL SPS PDSCH can be configured to support TSC messages, and TSC message’s non-integer periodicity results multiple active DL SPS transmissions. However, some PDSCH instance may not assign DL-SCH if TSC message does not arrive. Regardless massive overhead, UE could feedback every PDSCH instance, though it is not desirable. In our view, UE should skip PUCCH carrying HARQ-ACK of that PDSCH instance. Also, SPS PDSCH does not have dynamic scheduling direct signalling of skipping PUCCH is not a solution.
[bookmark: _Ref5087489]Proposal 8: Discuss the way of implicitly indicate no HARQ-ACK feedback.
3. Conclusion
In this contribution, we address our view about UCI transmissions for Rel-16 URLLC.
Proposal 1: Other length (e.g., 3/4-symbol) per sub-slot are additionally supported.
Proposal 2: The number of sub-slots per a slot determines sub-slot pattern.
[bookmark: _GoBack]Proposal 3: For at least the repeated UL-SCH, the priority of URLLC UL-SCH and URLLC UCI are re-considered. 
Proposal 4: For enhanced PUSCH repetition, only some of PUSCH instances multiplex UCI if feasible. 
Proposal 5: Among the PUSCH occasion, HARQ-ACK is multiplexed in the respective overlapped PUSCH instance.
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