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Introduction
In the last e-meeting, following agreement was made [1]:
	Agreements:
· [bookmark: _Hlk62406356]Support deferring SPS HARQ-ACK dropped due to TDD specific collisions until a next available PUCCH in Rel-17 based on semi-static configuration of slot format
· FFS: Details (including possible conditions for such a deferring, whether or not to consider semi-statically configured flexible symbols for PUCCH availability, etc.)
· Aim for minimal standardization efforts and UE complexity in implementation

[bookmark: _Hlk62747561]Agreements:
Further down-select between the following two options for SPS HARQ-ACK deferral: 
· Option 1: Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group 
· Note: any SPS HARQ-ACK within a PUCCH cell group in principle is subject to deferral
· Option 2: The SPS HARQ-ACK deferral is configured per SPS configuration
· Note: part of sps-config, only HARQ-ACK of SPS PDSCH configurations configured for deferral is in principle subject to deferral

Agreements: Rel-16 UCI multiplexing  / PUCCH overriding rules are reused for deferred SPS HARQ-ACK in the target slot, if applicable.

Agreements: For SPS HARQ-ACK, the deferral from the initial slot/sub-slot determined by k1 in the activation DCI to the target slot/sub-slot determined by k1+ k1def, the UE will check the validity of a target slot/sub-slot evaluating from one slot/sub-slot to the next sub/sub-slot (i.e. in principle k1def granularity is 1 slot/sub-slot)
· FFS: if there is a limit on the minimum deferral considered the required UE processing (k1def ≥0 )  
· FFS: if there is a limit on the maximum deferral 

Agreements: For further study on whether and how to support PUCCH carrier switching in a PUCCH group, focus on the following three alternatives:
· Alt. 1: PUCCH carrier switching is based dynamic indication in DCI
· Alt. 2B: PUCCH carrier switching is based on certain (semi-static) rules
· Alt. 2C: PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells
· Note: In above alternatives, it is assumed that HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group, can be sent on a PUCCH on an Scell also instead of only on Pcell/PScell/PUCCH-SCell in the same PUCCH group, as opposed to Rel-16 where HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group can only be sent on Pcell/PScell/PUCCH-SCell in the same PUCCH group.
· Note: Realistic deployment scenarios including TDD configurations should be considered for the study




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
For enabling SPS HARQ-ACK deferral, two options has been discussed in the last meeting. First options is to configure SPS HARQ-ACK deferral per PUCCH cell group, second option is to configure per SPS configuration.
Currently, SPS HARQ-ACK deferral procedure is still undecided. To expect whole framework, it remains a lots of things to be decided, such as what deferral condition is, what the target slot would be and how to determine PUCCH resource for the target slot. Few thing clear is that SPS HARQ-ACK deferral is SPS-specific and would have different impact and complexity depending on periodicity of SPS configuration. In this point of view, we propose following:
Proposal 1: SPS HARQ-ACK deferral is configured per SPS configuration
For conditions of SPS HARQ-ACK deferral, it has been discussed what PUCCH would be a point of reference and how deferral procedure considers DCI scheduling PDSCH which overrides HARQ-ACK PUCCH for SPS PDSCH. In our view, it is highly up to how we consider UL multiplexing in the case of deferral.
It is clear that PUCCH resource in time domain has to be determine whether to defer SPS HARQ-ACK or not. As we know, however, it is required to consider all UL transmission in a slot to determine actual PUCCH transmission in the slot, and the PUCCH resource could be changed until its actual transmission due to UL multiplexing. To determine PUCCH resource for SPS HARQ-ACK, following information is required according to current specification.
· PUCCH resource for SPS HARQ-ACK (if HARQ-ACK for DG PDSCH is not scheduled or not considered)
· HARQ-ACK for DG PDSCH (if considered)
· Other PUCCH scheduling (e.g., SR/CSI) overlapping with PUCCH resource for SPS HARQ-ACK
· Total UCI bits to determine PUCCH resource (e.g., SPS-PUCCH-AN-List-r16) or PUCCH resource set (e.g., a list of PUCCH resource set in PUCCH-config)
From above analysis, we propose following four alternatives to determine deferral in a slot.
· Alt. 1: Defer if there is no available symbol for an uplink transmission of the SPS HARQ-ACK in the initial slot/sub-slot where the uplink transmission is determined as if there is no other uplink transmission than PUCCH only for the SPS HARQ-ACK.
· Alt. 2: Defer if there is no available symbol for an uplink transmission obtained in case of UL multiplexing in the initial slot/sub-slot as if there are only semi-statically scheduled PUCCH transmission and PUCCH only for the SPS HARQ-ACK.
· Alt. 3: Defer if there is no available symbol for an uplink transmission obtained after UL multiplexing between the SPS HARQ-ACK and other UL transmission in the initial slot/sub-slot.
· Alt. 4: Defer if there is no available symbol for an uplink transmission of the SPS HARQ-ACK in the initial slot/sub-slot as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN 

In the last meeting, the issue has been identified when PDSCH scheduling via DCI is considered. If some deferrals in the multiple slots are having same target slot, UE has to receive multiple DCI correctly for PUCCH resource determination of a slot. For example, when SPS HARQ-ACK PUCCHs in slot n-m and n-k can be deferred to slot n, UE may not determine PUCCH resource correctly for slot n even if UE misses only one DCI scheduling PUCCH in slot n, n-m as well as n-k. This could make PUCCH transmission in the target slot and deferred UCI unreliable, and also cause a number of hypothesis to gNB.
For the semi-static deferral operation, alternative 1 and 2 is preferred. One difference between them is whether or not to consider semi-statically scheduled other UL transmission, such as SR and P/SP-CSI. Considering that PUCCH resource for CSI can be used when only SPS HARQ-ACK are multiplexed with CSI reporting and the number of bit of UCI to be transmitted are able to change PUCCH resource in any case, it could be natural and reasonable to consider PUCCH for CSI reporting and SR. On the other hands, all those are periodic configuration, so that the combination of them would make complicated pattern hard to be stored. For simplicity, we think alternative 1 is still possible to use.

Proposal 2: To determine deferral of SPS HARQ-ACK in an initial slot/sub-slot, following alternative can be considered: 
· Alt. 1: Defer if there is no available symbol for an uplink transmission of the SPS HARQ-ACK in the initial slot/sub-slot where the uplink transmission is determined as if there is no other uplink transmission than PUCCH only for the SPS HARQ-ACK.
· Alt. 2: Defer if there is no available symbol for an uplink transmission obtained in case of UL multiplexing in the initial slot/sub-slot as if there are only semi-statically scheduled PUCCH transmission and PUCCH only for the SPS HARQ-ACK.

There were some concern on latency if deferral procedure doesn’t consider dynamic PDSCH scheduling. For the latency and gNB controllability, it is possible to remain the initial slot/sub-slot as before regardless of deferral. For example, even in the case that HARQ-ACK for SPS PDSCH are deferred to target slot, SPS HARQ-ACK could also be multiplexed in the initial slot. It may seem redundant at first glance, however, UE behavior should be similar to that at least if type-1 HARQ-ACK codebook is used. 
Proposal 3: For an initial slot/sub-slot of deferral, deferral procedure doesn’t make any changes on a result of UL multiplexing in the initial slot/sub-slot. 

UL multiplexing could be required to be considered for determine “next available slot”. To check slot format in symbol-level, reference PUCCH resource for deferral has to be identified. For the same reason, we propose to use same manner for determining deferral of SPS HARQ-ACK. 
Proposal 4: To determine availability of candidates for target slot, the same assumption used to determine deferral can be considered.

In order to determine target slot for the deferring, a few options has been proposed from previous meetings. Some options are to defer PUCCH transmission to earliest available UL symbol/slot, 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 5: For SPS HARQ-ACK deferral, the target slot of deferral procedure is a slot/sub-slot where next SPS PUCCH occasion of corresponding SPS configuration is. 
· FFS: whether to use SPS PUCCH occasion for different SPS configuration. 

When HARQ-ACK transmission (for SPS PDSCH) is deferred, 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.
Proposal 6: The end of deferred HARQ-ACK transmission should be no later than,
· The starting symbol of upcoming PDSCH occasion corresponding to same HARQ process ID, and

In previous meetings, there were some proposal to use a set of PDSCH-to-HARQ-ACK feedback timing (K1) as candidates of target slot for the SPS HARQ-ACK deferral. It could be considered since it keeps PDSCH-to-HARQ-ACK feedback timing to be included in the K1 set even with deferral, so that constructing type-1 HARQ-ACK codebook become easier with deferral procedure. For this approach, K1 set for deferred has to be identified. Considering current specification, union of configured K1 set should be considered. Also, to apply K1 value, when HARQ-ACK for multiple SPS PDSCH are deferred, it has to be identified which SPS PDSCH is applied K1 offset among those SPS PDSCH.
Proposal 5: For SPS HARQ-ACK deferral, the target slot of deferral procedure is next available slot/sub-slot n+k where reference PDSCH occasion is received in slot n and k is element of a set K.
· Reference PDSCH occasion is one of PDSCH occasion corresponding to deferred HARQ-ACK.
· The set K is union of configured sets of PDSCH-to-HARQ-ACK feedback timings.  
· FFS: How to determine reference PDSCH for deferral

Another option to save SPS HARQ-ACK from TDD operation 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 7: 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 8: 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 9: Consider to support NACK only HARQ-ACK feedback based on PUCCH resource request in order for reducing PUCCH overhead. 

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 10: 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.
Current type-1 codebook design has some problem of unusable state for sub-slot PUCCH and different DCI format to construct sub-slot HARQ-ACK codebook. 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 11: 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 

Dynamic PUCCH carrier switching
In the previous meeting, dynamic PUCCH carrier switching has been discussed. The main concept of dynamic PUCCH carrier switching is for UE to use PUCCH carrier adaptively, considering TDD pattern of primary cell. Thus, the beneficial point requires different TDD pattern among different CCs configured to UE.
In our point of view, the benefit seems clear, however, the use case is limited. Considering other issues in this agenda and required efforts, it would be recommended to de-prioritize this issue than other issue left. 
Proposal 12: Dynamic PUCCH carrier switching can be de-prioritized for other issues left.
If there is a consensus that it is necessary to support dynamic PUCCH carrier switching, it is desirable to have minimal specification impact. In this sense, Alternative 1 in the last meeting can be preferred. It requires only one additional DCI field (which is recommended for minimal spec impact and using PUCCH resource set in switched cell). For SPS HARQ-ACK, the latest PUCCH carrier indication may be applied for transmission of the SPS HARQ-ACK for avoiding frequent carrier switching. Actually, alternative 1 gives to gNB full controllability of PUCCH carrier switching without additional signaling.
Alternative 2B seems clear and has no signaling, but it has similar issue to SPS HARQ-ACK deferring. To find available CCs, UE has to identify what PUCCH resource for HARQ-ACK is for each cell for every PUCCH scheduling. If UL multiplexing in switched carrier is considered, the issue become more complicated. UE has to compare a UL multiplexing result for each carrier and find which is available. Moreover, a configured PUCCH resource could be different for each cell. From scheduler’s point of view, it is complicated to schedule UE to intended target carrier. 
Alternative 2C is highly up to gNB and TDD pattern. Considering different TDD pattern in different cell, alternative 2C may not afford fully optimized PUCCH carrier switching than Option 1 and Option 2B. However, Alternative 2C has beneficial point on load balancing, since gNB can configure UE-specific switching pattern. In alternative 2B, all of UE may choose same carrier due to cell-common configuration. In this context, it is necessary to discuss alternative 2B and 2C further. 

Proposal 13: If there is a consensus that it is necessary, PUCCH carrier switching based on dynamic indication in DCI can be supported
· To indicate switched carrier, a DCI field is added to DL scheduling DCI.
· PUCCH for SPS HARQ-ACK follows the latest indication of PUCCH carrier switching. 

Conclusions
In this contribution, potential UE feedback enhancements on HARQ-ACK for URLLC were discussed, and the followings are proposed.
Proposal 1: SPS HARQ-ACK deferral is configured per SPS configuration
Proposal 2: To determine deferral of SPS HARQ-ACK in an initial slot/sub-slot, following alternative can be considered: 
· Alt. 2: Defer if there is no available symbol for an uplink transmission obtained in case of UL multiplexing in the initial slot/sub-slot as if there are only semi-statically scheduled PUCCH transmission and PUCCH only for the SPS HARQ-ACK.
Proposal 3: For an initial slot/sub-slot of deferral, deferral procedure doesn’t make any changes on a result of UL multiplexing in the initial slot/sub-slot. 
Proposal 4: To determine availability of candidates for target slot, the same assumption used to determine deferral can be considered.
Proposal 5: For SPS HARQ-ACK deferral, the target slot of deferral procedure is a slot/sub-slot where next SPS PUCCH occasion of corresponding SPS configuration is. 
· FFS: whether to use SPS PUCCH occasion for different SPS configuration. 
Proposal 6: The end of deferred HARQ-ACK transmission should be no later than,
· The starting symbol of upcoming PDSCH occasion corresponding to same HARQ process ID, and
Proposal 5: For SPS HARQ-ACK deferral, the target slot of deferral procedure is next available slot/sub-slot n+k where reference PDSCH occasion is received in slot n and k is element of a set K.
· Reference PDSCH occasion is one of PDSCH occasion corresponding to deferred HARQ-ACK.
· The set K is union of configured sets of PDSCH-to-HARQ-ACK feedback timings.  
· FFS: How to determine reference PDSCH for deferral
Proposal 7: 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 8: 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 9: Consider to support NACK only HARQ-ACK feedback based on PUCCH resource request in order for reducing PUCCH overhead. 
Proposal 10: Support type-3 HARQ-ACK codebook for re-transmission of cancelled HARQ-ACK with reduced HARQ-ACK payload size if necessary.
Proposal 11: 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 
Proposal 12: Dynamic PUCCH carrier switching can be de-prioritized for other issues left.
Proposal 13: If there is a consensus that it is necessary, PUCCH carrier switching based on dynamic indication in DCI can be supported
· To indicate switched carrier, a DCI field is added to DL scheduling DCI.
· PUCCH for SPS HARQ-ACK follows the latest indication of PUCCH carrier switching. 
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