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Introduction
In the last e-meeting, following agreement was made [1]:
	Agreements: To address the issue of SPS HARQ-ACK dropping for TDD systems, focus on the following two options: 
· Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
· FFS: Details including the definition of a next (e.g, first) available PUCCH, CB construction / multiplexing 
· Option 2: Dynamic triggering of a one-shot / Type-3 CB type of re-transmission
· FFS: Details on triggering and/or CB construction (incl. potential Type-3 CB optimizations) / multiplexing 

Agreements: In the studies on PUCCH carrier switching for HARQ-ACK, PUCCH carrier switching for different cells operated is considered only for cells that are part of the active UL CA configuration.
Agreements: For the studies on SPS HARQ skipping for skipped SPS PDSCH, the further discussions should focus on the following reduced sets methods:
· ‘NACK skipping’ for (skipped) SPS PDSCH (Alt. 1)
· FFS: details including at least when to skip the HARQ-ACK as well as NACK skipping configuration details (per SPS or group of SPS configurations etc.)
· Note: this alternative assumes inherently no identification of a skipped SPS PDSCH by the UE
· Dynamic indication of skipped SPS PDSCH occasions (Alt. 3)
· FFS: details including dynamic indication methods such as e.g. DCI, MAC CE, specific DM-RS instead of SPS DM-RS, …

Agreements: For the studies on SPS HARQ payload size reduction (of non-skipped SPS PDSCH), the further discussions should focus on the following reduced sets of methods:
1. ACK skipping (NACK-only) (Alt. 1)
0. FFS: Details
1. NACK skipping (ACK-only) (Alt. 2)
1. FFS: Details
1. HARQ bundling / compression (Alt. 3)
2. FFS: Details including HARQ bundling / compression window, bundling / compression technique
1. HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4)
3. The skipping / disabling is higher-layer configured per SPS configuration
3. FFS: HARQ-ACK skipping behaviour for Type 1 CB


In this contribution, we discuss and provide our views on UE feedback enhancements for HARQ-ACK to support URLLC, in terms of enhancing the HARQ-ACK feedback for SPS PDSCH and HARQ-ACK skipping for high reliability PDSCH. 

Discussion
Regarding UE feedback enhancement for HARQ-ACK, we would like to focus HARQ-ACK reliability and PUCCH availability. In order to enhance HARQ-ACK feedback in terms of reliability, several aspects can be considered as the followings. 

Avoiding SPS HARQ-ACK dropping for TDD system
In case of dynamic PDSCH, gNB is always able to control PUCCH resource for HARQ-ACK transmission corresponding to the PDSCH reception. On the other hand, SPS PDSCH uses a configured PUCCH resource continuously since SPS PDSCH is transmitted based on semi-static configuration. 
For dynamic TDD operation, SPS PDSCH and the corresponding PUCCH for the SPS PDSCH can be cancelled/omitted by TDD configuration or dynamic slot format indication (SFI). This cancelation is applied individually for each channel. Therefore, some HARQ-ACK feedback cannot be transmitted due to such PUCCH cancelation even if the SPS PDSCH is successfully decoded. Also, HARQ-ACK feedback timing and PUCCH resources for the SPS PDSCH cannot be changed dynamically. It would make the SPS PDSCH vulnerable to TDD operation. If it is possible to prevent losing PUCCH for the SPS PDSCH from TDD operation, the availability of PUCCH for the SPS PDSCH can be increased so that availability and utilization of the SPS PDSCH can be enhanced. 
There were two options in the last meeting. The first option is deferring HARQ-ACK until a next (e.g., first) available PUCCH. To determine target PUCCH without ambiguity between gNB and UE, it may be necessary to specify a certain rule to determine the the next PUCCH.
Proposal 1: Consider to shift the HARQ-ACK feedback for SPS PDSCH from invalid PUCCH resource to next available PUCCH resource. 
In order to determine PUCCH resource for the deferring, a few options were proposed in the last meeting. Some options are to defer PUCCH transmission to earliest available UL symbol/slot/PUCCH, however it could bring side effect on other PUCCH transmissions or overbooking on first UL resource after semi-static DL symbol. To avoid these issues, we can consider the PUCCH resource configured for HARQ-ACK transmission corresponding to another (e.g. next) SPS PDSCH occasion of same or different configuration. Use of the SPS PUCCH resource for the offloading has some beneficial points as following:
· PUCCH resource for SPS PDSCH is semi-statically configured PUCCH resource. It would have no issue involved with DCI missing.
· By using existing PUCCH resource, it is not necessary to schedule additional PUCCH resource.
· PUCCH resource for SPS PDSCH has SPS specific HARQ-ACK codebook construction. It could work well even with delayed SPS HARQ-ACK.
· Potential side effect on other PUCCH resource could be avoided.
From above observation, we would like propose as following. 
Proposal 2: For SPS PUCCH occasion overlapping semi-static DL symbol, postpone HARQ-ACK transmission to next SPS PUCCH occasion of corresponding SPS configuration.
· FFS: whether to use SPS PUCCH occasion for different SPS configuration. 

When HARQ-ACK transmission (for SPS PDSCH) is postponed, current PDSCH restriction in terms of HARQ process should be considered. When SPS configuration is configured with only few HARQ process or short periodicity, postponed HARQ-ACK transmission could meet the HARQ-ACK for other PDSCH occasion having same HARQ process ID. Due to HARQ-ACK process management, it is not possible to receive PDSCH before HARQ-ACK transmission for a same HARQ process ID. Thus, starting symbol of second PDSCH occasion with same HARQ process ID should be after the ending symbol of delayed HARQ-ACK transmission.
In addition, it would be required to keep out-of-order restriction even when HARQ-ACK is delayed. When HARQ-ACK transmission of first PDSCH is postponed, ending of HARQ-ACK transmission of second PDSCH received after the first PDSCH could be an additional limitation of HARQ-ACK deferring.
Proposal 3: When delaying HARQ-ACK transmission for SPS PDSCH reception is supported, the end of delayed HARQ-ACK transmission should be no later than,
· The starting symbol of upcoming PDSCH occasion corresponding to same HARQ process ID, and
· The ending symbol of the PUCCH transmission carrying HARQ-ACK of other PDSCH reception received after the SPS PDSCH reception.

The second option is to use the design of type-3 HARQ-ACK codebook. Since type-3 HARQ-ACK codebook is widely considered in this agenda, such as HARQ-ACK re-transmission, it would be beneficial to use type-3 codebook as unified solution. Meanwhile, the first option would meet high latency when SPS PDSCH has long period. In this case, type-3 HARQ-ACK codebook may be complementary option for the first option. 
In existing type-3 HARQ-ACK codebook, UE would generate HARQ-ACK information for all of the HARQ process. For recovering dropped SPS PDSCH, it could be a bit redundant to generate type-3 codebook for all HARQ processes. Thus, it can be considered to limit type-3 codebook generation for a part of HARQ process IDs and/or serving cells. For example, UE can only consider the cells configured with SPS PDSCH and/or the HARQ process IDs included in SPS-Config per CCs.
If type-3 codebook generation is limited to SPS related HARQ process IDs, it would be beneficial to separate type-3 codebook for DG PUSCH and SPS PDSCH. This separation can be achieved by using different RNTI scrambling CRC of type-3 codebook triggering DCI. In this case, type-3 codebook for SPS PDSCH can be generated only based on SPS PDSCH occasion. (i.e., initial transmission of SPS PDSCH)

Proposal 4: Support type-3 HARQ-ACK codebook only for a part of HARQ process IDs and/or serving cells (e.g. the serving cells/HARQ process IDs configured for SPS PDSCH).
Proposal 5: if type-3 HARQ-ACK codebook is supported only for SPS PDSCH, it can be considered to separate the codebook for dynamic PDSCH and for SPS PDSCH. 

HARQ-ACK feedback skipping for high reliability PDSCH
For ‘skipped’ SPS PDSCH and SPS HARQ-ACK payload size reduction, it has been considered to skip HARQ-ACK feedback. Especially for ‘skipped’ SPS PDSCH, both skipping HARQ-ACK and dynamic indication has been discussed. 
With dynamic indication, UE can just follow gNB’s instruction without determination of skipping itself. However, if there are two or more skipped SPS PDSCH, downlink control overhead may be a problem. Moreover, it is already possible to pause SPS PDSCH explicitly by two DCIs, activation and release. In this point of view, it seems not necessary to support dynamic indication of skipped SPS PDSCH. 
Meanwhile, HARQ-ACK skipping, especially ACK skipping would be reasonable solution for URLLC traffic in general. For services requiring high reliability (e.g., 1-10-5) and low latency (e.g. 0.5 ms), gNB may need to schedule PDSCH with low MCS and smaller K1 timing since only few retransmission is allowed in order to meet latency requirement. Then, most of PDSCHs would have no decoding failure, in other words, only few PDSCH transmission fails to be decoded in UE side. In this situation, the gNB should ensure HARQ-ACK reliability much higher (e.g., 100 times) than PDSCH transmission to make HARQ-ACK feedback meaningful from latency perspective, that is not easy to achieve and requires a lot of uplink resources. Considering that, it is no more reasonable to report HARQ-ACK feedback for each of all PDSCH transmissions. If the UE only transmits PUCCH for negative HARQ-ACK feedback (e.g., NACK), the number of PUCCH transmission (and the corresponding amount of PUCCH resource overhead) could be reduced by PDSCH reliability (e.g., 10-5 time), and the gNB may be able to assign more uplink resource to HARQ-ACK PUCCH for achieving such high reliability without serious problem. 
To achieve this benefit, gNB would not assign PUCCH resource for each of all PDSCHs. Considering the case when UE is configured with no HARQ-ACK PUCCH resource but needs to transmit HARQ-ACK feedback, a proper signalling used to request PUCCH resource for the feedback transmission would be necessary, as like scheduling request for PUSCH. As a request, UE may notify decoding failure occurrence in few periods by 1 bit.
Proposal 6: Consider to support NACK only HARQ-ACK feedback based on PUCCH resource request in order for reducing PUCCH overhead. 

PUCCH repetition enhancements (at least for HARQ-ACK), e.g., sub-slot based, etc. 
From RAN#90-e discussion, it has been decided not to discuss PUSCH-repetition-Type-B like PUCCH repetition in this AI. In our view, it would be better to adopt sub-slot based PUCCH repetition to finalize the UE behaviour in case when sub-slot based PUCCH is configured with the number of repetition.
To facilitate the sub-slot based PUCCH repetition, it is efficient to reuse current repetition scheme in the specification. Among those repetition scheme, slot-based PUCCH repetition could be a baseline. By reusing slot-based PUCCH repetitions, it would be possible to apply back-to-back repetitions and slot format handling as specified for the slot-based PUCCH repetitions with less specification impact almost effortlessly. 
If the sub-slot PUCCH repetition is supported, it should be necessary to discuss multiplexing/prioritization rules in case with sub-slot PUCCH repetition and other PUCCH/PUCCH transmission (repetition), and it is necessary to decide whether to discuss in 8.2.2 or this AI for these issues.  

Proposal 7: Consider to support sub-slot based PUCCH repetition with following aspects.
· Take Rel-15/16 slot-based PUCCH repetition structure as a baseline

Re-transmission of cancelled HARQ-ACK
In the last meeting, it has been discussed whether to support re-transmission of cancelled HARQ-ACK transmission. Considering complicated TDD operation and UL prioritization made from Rel-16, there could be HARQ-ACK dropping hard to be controlled. Since an amount of HARQ-ACK dropping would make corresponding PDSCH re-transmission, it would be good to make a tool for gNB to adjust potential HARQ-ACK loss.
To support HARQ-ACK re-transmission straightly, it can be considered to adopt type-3 codebook design. For type-3 HARQ-ACK codebook, it could be possible to have some enhancement for higher reliability by reducing HARQ-ACK payload size. For example, UE may be triggered with a set of HARQ process (among all HARQ processes) for type-3 HARQ-ACK codebook, and the set of HARQ process may be for SPS PDSCH or high priority PDSCH if only DCI format 1_2 has priority indicator. 

Proposal 8: Support type-3 HARQ-ACK codebook for re-transmission of cancelled HARQ-ACK with reduced HARQ-ACK payload size if necessary.

Type 1 HARQ codebook based on sub-slot PUCCH config.
There were some discussion between type-1 HARQ-ACK codebook and sub-slot PUCCH configuration. Considering short PDSCH-to-HARQ-ACK timing of sub-slot PUCCH, it is hard to consider an amount of HARQ-ACK bit in sub-slot PUCCH. Thus, it may bring unnecessarily large HARQ-ACK payload. On the other hand, since type-1 HARQ-ACK codebook is robust against to DCI missing, it would be good in terms of URLLC service. There is a trade-off. 
To see the trade-off, it is necessary to check how big the codebook size is. Undesirably, current type-1 codebook design has some problem of unusable state for sub-slot PUCCH and different DCI format. Firstly, current pseudo code just refer R, as indexed row of combined (union of) TDRA table per K1 value, it doesn’t reflect sub-slot structure of K1 value.
Another problem is for different DCI format. Current type-1 codebook is making union of K1 and TDRA table by taking all different DCI formats into account. However, if certain K1 value is corresponding to only one DCI format, at least for the K1 value, union of TDRA table doesn’t need to be considered. In other words, a combination of K1 union set and TDRA union set (without considering K1 values per DCI format) would make an amount of unusable candidate PDSCH reception in current type-1 HARQ-ACK codebook. 
Proposal 9: it is necessary to remove unusable candidate PDSCH reception in type-1 HARQ-ACK codebook from the following cases:
· A K1 value is corresponding to only one DCI format
· A TDRA entry is corresponding to only one DCI format 

Conclusions
In this contribution, potential UE feedback enhancements on HARQ-ACK for URLLC were discussed, and the followings are proposed.
Proposal 1: Consider to shift the HARQ-ACK feedback for SPS PDSCH from invalid PUCCH resource to next available PUCCH resource. 
Proposal 2: For SPS PUCCH occasion overlapping semi-static DL symbol, postpone HARQ-ACK transmission to next SPS PUCCH occasion of corresponding SPS configuration.
· FFS: whether to use SPS PUCCH occasion for different SPS configuration. 
Proposal 3: When delaying HARQ-ACK transmission for SPS PDSCH reception is supported, the end of delayed HARQ-ACK transmission should be no later than,
· The starting symbol of upcoming PDSCH occasion corresponding to same HARQ process ID, and
· The ending symbol of the PUCCH transmission carrying HARQ-ACK of other PDSCH reception received after the SPS PDSCH reception.
Proposal 4: Support type-3 HARQ-ACK codebook only for a part of HARQ process IDs and/or serving cells (e.g. the serving cells/HARQ process IDs configured for SPS PDSCH).
Proposal 5: if type-3 HARQ-ACK codebook is supported only for SPS PDSCH, it can be considered to separate the codebook for dynamic PDSCH and for SPS PDSCH. 

Proposal 6: Consider to support NACK only HARQ-ACK feedback based on PUCCH resource request in order for reducing PUCCH overhead. 
Proposal 7: Consider to support sub-slot based PUCCH repetition with following aspects.
· Take Rel-15/16 slot-based PUCCH repetition structure as a baseline
Proposal 8: Support type-3 HARQ-ACK codebook for re-transmission of cancelled HARQ-ACK with reduced HARQ-ACK payload size if necessary.
Proposal 9: it is necessary to remove unusable candidate PDSCH reception in type-1 HARQ-ACK codebook from the following cases:
· A K1 value is corresponding to only one DCI format
· A TDRA entry is corresponding to only one DCI format 

References
RAN1 chairman notes, RAN1#103-e


