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1	Introduction
In RAN1 #103-e, the following agreements were reached on UE feedback enhancements for HARQ-ACK for URLLC [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 provide solutions to support Rel-17 enhancements to avoid SPS HARQ-ACK dropping due to TDD. In addition, we study and analyze the need for other enhancements listed under the agreed scope.
[bookmark: _Ref178064866]2	Discussion
2.1	SPS HARQ-ACK dropping for TDD
With the introduction of shorter SPS periodicity values in Rel-16, it can happen that the periodicity value does not match with a given semi-static TDD pattern, especially when it comes to HARQ-ACK feedback timing. The timing of HARQ-ACK feedback for DL SPS is indicated by PDSCH-to-HARQ_feedback timing indicator field, if present, in the activation DCI. Otherwise, it is provided by an RRC parameter dl-DataToUL-ACK.
It may happen that the HARQ-ACK timing value (K1) does not indicate a valid UL slot for all SPS PDSCH occasions. This problem is illustrated in Figure 1 with a single SPS configuration with periodicity of 1 slot where the indicated K1 is K1 =3 slots. For a semi-static TDD configuration given by  ‘DDDU’ it can be observed that the HARQ-ACK feedback for the second and third SPS occasions would fall into DL slots, and thus these HARQ-ACK would be dropped. 
[bookmark: _Ref54193955][image: ]
[bookmark: _Ref61900383]Figure 1 Mismatch of SPS periodicity and TDD pattern with indicated K1.

It was agreed to support enhancements to address the above issues. In the following, we discuss our view on the solutions based on the two options listed in RAN1#103-e.
In the following, we express our view on how Option 1 can be supported in a simple and meaningful way by reusing the already existing procedures as much as possible. We would like to express that in our view, Option 1 and Option 2 should be considered as complementary solutions, rather than competing solutions.
As we explain below that our solution for Option 1 is intended not to increase the complexity unnecessarily but limiting the deferring operation. If the limit is reached, as we explain in the following, we propose to cancel the transmission of corresponding HARQ-ACK. At this stage, by triggering a Type-3 HARQ-ACK codebook, the cancelled HARQ-ACK can be retransmitted. That implies that Option 2 can also be used for solving the SPS HARQ-ACK dropping due to TDD by relying on Type-3 HARQ-ACK codebook for HARQ-ACK retransmission. In this case, gNB can dynamically trigger/request for HARQ-ACK transmission of all HARQ processes including the dropped HARQ-ACK bits. 
We note that the solution based on Type-3 codebook is not only limited to the scenario of dropped SPS HARQ-ACK due to TDD, but rather more general and can be used for any scenarios. Thus, in this sense, Type-3 codebook can be considered as complementary to the deferring solution. 
See Section 2.4	Retransmission of cancelled HARQ, for more details.
2.1.1	Deferring procedures DL SPS only HARQ-ACK 
In our view, we can reuse the deferring procedure that is applied in previous releases for PUCCH repetition. 
Also, we believe that enabling deferring mechanism should not change the construction of a HARQ-ACK code book. 
[bookmark: _Toc61904932]Adopt the following procedures when deferring DL SPS only HARQ-ACK is enabled:
	· While a UE determines a HARQ-ACK codebook (CB) to be transmitted in a slot/sub-slot n
· If the CB includes only HARQ-ACK corresponding to DL SPS
· If the slot/sub-slot does not include any available symbol for a PUCCH transmission, defer the PUCCH transmission by incrementing n by one and proceed to the next slot/subslot
· Otherwise, based on the size of HARQ-ACK CB, determine the PUCCH resource for transmission of HARQ-ACK CB following Rel-16 procedures.
· If there are available symbols for transmission of the PUCCH resource in slot/subslot n, transmit the PUCCH.
· Otherwise, cancel the PUCCH transmission. 
· Note: Canceled PUCCH transmission can be retransmitted by triggering Type-3 HARQ-ACK CB.
· Otherwise, follow already existing procedures for transmission of the HARQ-ACK CB.



As observed, the above procedure reuses the already existing procedures where “deferring occurs when the slot/sub-slot index for PUCCH transmission is incremented by one”.
Note that for simplicity, once a UE determines the next first available slot/sub-slot for UL transmission, the deferred SPS HARQ-ACK should be transmitted in that slot/sub-slot. If for some reason, it is not possible to transmit the SPS HARQ-ACK in the determined slot/sub-slot, the SPS HARQ-ACK should not be deferred further. 
[bookmark: _Toc61904921]In the proposed deferring procedure, once the next available slot/sub-slot to use for the deferred SPS HARQ-ACK is determined, the SPS HARQ-ACK can be transmitted in that slot/sub-slot without deferring further.  

In the proposed procedures, the existing codebook construction including both semi-static and dynamic can be reused for the deferred SPS HARQ-ACK, taking into account a new slot/sub-slot where the deferred HARQ-ACK is transmitted as we clarify in the following. 
Note that for semi-static codebook, the set of slot timing values, K1, used in determining a set of possible occasions for candidate PDSCH receptions and thus the codebook size depends on how far the SPS HARQ-ACK is allowed to be deferred to. If the maximum number of slots/sub-slots for deferring is limited by the maximum configured K1 value, then there is no impact on the codebook construction. Otherwise, a new set of K1 values may be needed where new K1 values resulted from the deferred SPS HARQ-ACK are added. 
In case of multiple HARQ-ACK bits of the same priority, including the deferred HARQ-ACK, are transmitted in the same slot/sub-slot, the existing multiplexing rule can also apply. That is, the deferred SPS HARQ-ACK is multiplexed with other HARQ-ACK bits of the same priority in the same slot/sub-slot.

[bookmark: _Toc61904922]In the proposed deferring procedures, the existing procedures for HARQ-ACK codebook construction is used for construction of the deferred SPS HARQ-ACK.
[bookmark: _Toc61904923]In the proposed deferring procedures, the existing multiplexing rule for multiplexing the deferred SPS HARQ-ACK with other HARQ-ACK bits in the same slot/sub-slot is used.

After multiplexing, a PUCCH resource is determined based on the total payload size. If the deferred HARQ-ACK bit is multiplexed with HARQ-ACK bits in response to one or more SPS receptions and the UE is provided SPS-PUCCH-AN-List-r16, then a PUCCH resource to use for the multiplexed HARQ-ACK bits is determined from sps-PUCCH-AN-ResourceID as defined in the current specification. That is, in case of only SPS HARQ-ACK multiplexing, a PUCCH resource is determined from the set of configured PUCCH resources for SPS HARQ-ACK.  
On the other hand, if the deferred SPS HARQ-ACK bit is multiplexed with other HARQ-ACK bits in response to dynamically scheduled PDSCH, then a PUCCH resource to use is determined by pucch-ResourceSetId in the configured PUCCH-ResourceSet.

[bookmark: _Toc61904924]In the proposed deferring procedures, if the deferred HARQ-ACK bit is multiplexed with only HARQ-ACK bits in response to one or more SPS receptions and the UE is provided SPS-PUCCH-AN-List-r16, then the UE determines a PUCCH resource to use for the multiplexed HARQ-ACK bits from sps-PUCCH-AN-ResourceID as defined in the current specification.
Figure 2 and Figure 3 illustrate examples corresponding to one DL SPS or two DL SPS activated configurations, respectively, assuming the same TDD configuration and PUCCH configurations for HARQ-ACK corresponding to DL SPS only transmission.
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[bookmark: _Ref61904860]Figure 2: Illustration of deferring mechanism for DL SPS only HARQ-ACK in case of one activated DL SPS configuration
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[bookmark: _Ref61904880]Figure 3: Illustration of deferring mechanism for DL SPS only HARQ-ACK in case of two activated DL SPS configurations
2.1.2	Interaction with SFI and TDD DL/UL/F symbols
SPS HARQ-ACK deferring occurs when a PUCCH carrying the SPS HARQ-ACK would collide with unavailable symbols for UL transmission, e.g., DL symbols in the semi-static TDD configuration. In the dynamic TDD case, SFI can be transmitted to a UE to turn flexible symbols into UL or DL symbols. In the latter case, PUCCH carrying the SPS HARQ-ACK can potentially collide with invalid symbols caused by the SFI. 
We argue that dynamic SFI should not be allowed to cause SPS HARQ-ACK deferring. In other words, SPS HARQ-ACK deferring does not occur as a result of invalid symbols caused by SFI. The reason is that there is an underlying issue of SFI misdetection at the UE which can lead to negative consequences such as HARQ-ACK codebook mismatch. In case that the UE detects SFI, and PUCCH carrying SPS HARQ-ACK collides with invalid symbols caused by the SFI, then the UE simply drops the PUCCH transmission subject to the existing framework and timeline. 
Note that this behavior is in some sense similar to how a UE performs PUSCH repetition type B in Rel-16. That is, PUSCH transmission, e.g., RV sequence selection, does not depend on dynamic SFI, but some repetitions can be dropped due to invalid symbols caused by SFI.
[bookmark: _Toc61894280][bookmark: _Toc61897250][bookmark: _Toc61897915][bookmark: _Toc61894281][bookmark: _Toc61897251][bookmark: _Toc61897916][bookmark: _Toc61904933]SFI is not considered to cause SPS HARQ-ACK deferring. 
· [bookmark: _Toc61904934]Note: If the UE detects SFI which turns flexible to DL symbols, causing PUCCH carrying SPS HARQ-ACK to collide with invalid symbols, then the UE simply follows the already existing behavior.

2.1.3	Additional design consideration for deferring procedures
In some scenario, it may be preferred that some symbols or slots are reserved for other purposes. For example, in a special slot with only a few UL symbols, these UL symbols may be intended for SRS transmission. If there is no restriction on the deferring, this slot can be determined as the next first slot to use for deferred SPS HARQ-ACK, which then triggers some undesired prioritization/dropping. In this case, it can be beneficial to be able to configure a subset of symbols or slots as “invalid symbol/slot” which are not valid to use for the deferred SPS HARQ-ACK. 
[bookmark: _Toc61904935]Allow configuration of additional “invalid symbols or slot/sub-slots” which are considered invalid and cannot be used for the deferred SPS HARQ-ACK. 

In practice, with typical slot configuration and TDD pattern, there is no need to limit how far SPS HARQ-ACK can be deferred to. However, if needed, e.g., to reduce the impact on Type-1 HARQ-ACK codebook size, the maximum number of slots for which SPS HARQ-ACK deferring is allowed can be limited by the maximum K1 value in the set of configured slot timing values. That is, SPS HARQ-ACK cannot be deferred to and transmitted in a slot which is beyond the slot corresponding to the maximum configured K1 value.   
[bookmark: _Toc61904936]If needed, the maximum number of slots for which SPS HARQ-ACK deferring is allowed is limited by the maximum K1 value in the set of configured slot timing values.  

2.2	HARQ-ACK feedback for “skipped” SPS occasions
In Rel-16, multiple SPS configurations are introduced to support new use cases where there can be multiple traffic flows with different characteristics, e.g., TSN flows. In addition, an extended set of shorter SPS periodicity values, down to 1 slot, are introduced to better support traffics with low latency requirement. 
Multiple SPS configurations and/or shorter SPS periodicity can also be used to support DL periodic traffic where the period is not an integer multiple of the supported SPS periodicity values. For such cases, multiple SPS configurations and/or shorter SPS periodicity values can be used to provide over-provisioned SPS occasions in order to minimize the alignment delay between the actual transmission and available SPS occasions. In the best case, it could even be possible to align the actual DL periodic transmission with available SPS occasions. Due to over-provisioning, there can be many unused or “empty” SPS occasions where no actual SPS PDSCH is transmitted. This can create issues as outlined below.
For DL SPS occasions which are not used, i.e., no actual SPS PDSCH transmission, the UE will report NACK as a feedback to gNB. With many over-provisioned SPS occasions, this can lead to many unnecessary UL transmissions, causing resource inefficiency and unwanted UL interference. Since this issue can be commonly present in IIoT use cases related to TSN/TSC, a solution to reduce or minimize the unnecessary feedback transmissions should be sought after. 

[bookmark: _Toc61904925]When SPS occasions are over-provisioned to minimize the alignment delay to the actual transmission, there can be many unnecessary UE feedback transmission (NACK) corresponding to unused SPS occasions with no actual SPS PDSCH transmitted.

It is preferred that a solution to above problem is simple and does not rely on any UE PDSCH detection as it can be implementation specific. 
Therefore, we propose a simple enhancement to the existing UE behavior for HARQ-ACK feedback for only DL SPS, i.e., the UE skips the PUCCH transmission associated to the HARQ-ACK feedback if all the HARQ-ACK bits in the codebook are NACK. In case that there is at least one ACK bit in the codebook or when multiplexed with other HARQ-ACK bits of dynamically scheduled PDSCH, UE simply follows the existing behavior for reporting HARQ-ACK in the corresponding PUCCH to avoid misunderstanding between UE and gNB. 
The SPS HARQ skipping rule above can be considered as applicable only after at least one HARQ-ACK feedback corresponding to the activated DL SPS is transmitted. This is to avoid ambiguity on validation of the activation command.  
In a special case of single A/N bit for a single TB transmission, if the TB is received correctly, UE would report ACK as usual. On the other hand, if the TB is not received correctly regardless of whether SPS PDSCH was sent, UE would not transmit NACK (i.e., DTX). Note that gNB is aware of whether SPS PDSCH was sent or not and would be able to identify the case of wrongly decoded PDSCH.
[bookmark: _Toc61904937]Support HARQ-ACK feedback skipping for a codebook with only DL-SPS HARQ ACK feedback when all HARQ-ACK bits in the codebook are NACK. 
[bookmark: _Toc61904926]There is no need to support HARQ-ACK skipping for other multiplexing cases, e.g., multiplexing of HARQ-ACK bits of skipped SPS PDSCH and non-skipped PDSCHs.

With the above SPS HARQ skipping rule, there is no need for UE to have an independent step to identify the ‘skipped’ SPS PDSCH. For the 'skipped' SPS PDSCH, UE will not be able to decode correctly which will result in NACK. When PUCCH carrying only NACK corresponding to SPS only, then the SPS HARQ skipping (skip PUCCH transmission) can be done.
[bookmark: _Toc61904927]There is no need for UE to have an independent step to identify the ‘skipped’ SPS PDSCH.

It was proposed that dynamic indication of skipped SPS PDSCH occasions, e.g., by MAC CE or DCI can also be used as an alternative to HARQ-ACK skipping discussed above. However, there are some concerns on such solutions. For example, in case of using MAC CE on PDSCH to indicate whether sub-sequent SPS will be skipped, gNB may not know in advance which SPS PDSCH to skip. Using DCI to indicate skipped / non-skipped SPS occasions would require much signaling overhead. There can also be a reliability issue due to missed DCI which can lead to misunderstanding between gNB and UE. Moreover, the specification impact is expected to be large as details on the DCI as well as timeline required for the indication to apply are needed.
[bookmark: _Toc61904938]Do not support dynamic indication of skipped SPS PDSCH occasions.  

[bookmark: _Hlk61362087]2.3	PUCCH repetition enhancements
The topic of PUCCH repetition has been discussed across FeMIMO eURLLC WI, as well as Coverage enhancements SI during previous meeting. In the previous RAN plenary, the following guideline was concluded [3]:
Conclusion:
· For IIoT/URLLC, the following was concluded:
· For handling of the PUCCH repetitions it is proposed to proceed as follows:
· RAN1 to continue discussion on PUCCH repetition, whether to specify or not, in the IIoT/URLLC WI for single TRP.
· The following items are not within scope of the continued discussions in the IIoT/URLLC WI:
· DMRS-less PUCCH with UCI payload up to 11 bits
· PUSCH-repetition-Type-B like PUCCH repetition
· DMRS bundling across PUCCH repetitions
· PUCCH repetition issues with multi-TRP to be handled in Fe-MIMO WI.
· For the UE CSI/HARQ-ACK feedback enhancements in the IIoT/URLLC WI, RAN1 work to continue the discussions. Status to be checked in March if any RAN level guidance needed.
· RAN1 to continue discussion on A-CSI on PUCCH, whether to specify or not.
Furthermore, the support of dynamic PUCCH repetition was agreed to be supported under the coverage enhancement WI [4].
2.3.1	Sub-slot PUCCH repetition
In Rel-16, sub-slot based HARQ-ACK was introduced to support multiple PUCCHs carrying HARQ-ACK in a 14-os slot to enable low latency HARQ-ACK feedback for URLLC. Two different sub-slot length/pattern configurations are supported, namely, 7symbols*2 and 2symbols*7. However, there are some limitations on PUCCH resources associated with the sub-slot HARQ-ACK. For example, the resource configuration is the same and applied to all sub-slots, and the configured PUCCH resources are not allowed to cross sub-slot boundary, or in other words they need to be confined within each sub-slot. The latter can have an impact on PUCCH coverage/reliability which is in general important for URLLC.  
To address the potential coverage/reliability issue of sub-slot PUCCH, one may use PUCCH resource with a long duration allowed within a sub-slot. If the coverage/reliability need is still not met, it is possible to perform PUCCH repetition. 
It is concluded in RAN1 #102-e that PUCCH repetition for sub-slot HARQ-ACK was not supported in Rel-16. 
We therefore propose to support PUCCH repetition for sub-slot HARQ-ACK where it follows basically the same principle of PUCCH repetition across multiple slots in Rel-15 (i.e. Type A). That is, in terms of resources to be used for PUCCH repetition across sub-slots, the same principle as in Rel-16 is followed where the same resource (i.e., starting symbol, duration, and number of PRBs ) is used for each PUCCH repetition across multiple sub-slots and starting symbol and duration are determined with respect to the starting symbol of sub-slot. 

[bookmark: _Toc61904939]Support sub-slot based PUCCH repetition where PUCCH repetition is performed across multiple sub-slots and each repetition uses the same resource (i.e., same starting symbol within a sub-slot, duration, and number of PRBs).

With respect to back-to-back PUCCH repetition within a slot/sub-slot,  where the PUCCH duration is shorter than the slot/sub-slot length, there might be benefits with respect to improve reliability if beam-blocking occurs. However, following the RAN plenary guideline, the corresponding discussions can be treated under FeMIMO WI.

2.3.2	Flexible framework for PUCCH repetition
Even if PUCCH repetition for sub-slot is supported, there are still several restrictions in the existing PUCCH repetition framework which can prevent it to be used efficiently for URLLC. First, PUCCH repetition is only enabled by semi-static configuration. Secondly, the configuration is tied to specific PUCCH format and once configured, it is applied to all PUCCH resources associated with that PUCCH format. Moreover, it is only applicable to the “long” PUCCH formats, i.e., formats 1, 3, and 4. Figure 4 shows snapshots illustrating these restrictions in the existing PUCCH repetition configuration in [2].

[image: ]
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[bookmark: _Ref47687010][bookmark: _Hlk47687036]Figure 4 Example showing restrictions of the existing PUCCH repetition configurations.

To support more flexible and efficient PUCCH repetition for URLLC, it is important that the above restrictions are relaxed. 
It is also important that PUCCH repetition is more flexible and not tied to a specific PUCCH format. This is because the number of HARQ-ACK bits can vary depending on the actual traffic and it will eventually determine which PUCCH format to use. Moreover, in order to increase the flexibility, it should be possible that PUCCH repetition is indicated based on UCI type. For example, in some scenarios, it might be desirable to have PUCCH repetition for PUCCH carrying HARQ-ACK using certain PUCCH format, but not necessarily for PUCCH carrying only CSI although it uses the same PUCCH format. Another aspect is that for a given UCI type, for example SR, enabling repetition could depend on other parameters in SR configurations  such as  periodicity or associated LCH. Another example of such flexibility is that different repetition factors can be indicated for different UCI types depending on use cases and coverage needs. The current specifications do not support any of these flexibilities. The root of the problem is that repetition is enabled by RRC and based on PUCCH format (any of the PUCCH formats 1,3 or 4). 
[bookmark: _Toc61904928]The existing PUCCH repetition framework is restrictive as it is only enabled by semi-static configuration and the configuration is tied to PUCCH format. 

In our view, such restriction can be simply removed by including the repetition factor as part of the configuration of a PUCCH resource. This simple, but crucial change provides a useful and flexible framework for PUCCH repetition.
Moreover, it can be beneficial to support PUCCH repetition for sub-slot HARQ-ACK where the configured sub-slot length is 2 symbols, e.g., in FR2 or multi-TRP operation. To do so, it should be possible that short PUCCH formats, i.e., format 0 and 2 are supported for the PUCCH repetition. 
Therefore, we propose the following:
[bookmark: _Toc61904940][bookmark: _Toc32612989][bookmark: _Toc37452515]Support having a repetition factor for PUCCH repetition as part of the configuration of PUCCH resources.

[bookmark: _Toc61904941]PUCCH repetition is supported for all PUCCH formats.

[bookmark: _Ref61179228]2.4	Retransmission of cancelled HARQ
In Rel-16, intra UE UL prioritization is supported based on priority of the UL transmissions, e.g., priority of HARQ-ACK in PUCCH, priority of PUSCH, and priority of SR. In case that low-priority HARQ-ACK in PUCCH is dropped or cancelled due to UL prioritization, it may be beneficial that the dropped HARQ-ACK is retransmitted. One reason is to maintain resource efficiency as the PDSCH may have been received correctly and only the corresponding HARQ-ACK is dropped. It would be wasteful to schedule and transmit the PDSCH again. 
For low priority HARQ-ACK, it can be dropped due to collision with other high priority UL transmission. The dropped HARQ-ACK is most likely the HARQ-ACK of low priority traffic. Therefore, we do not see this as a critical issue for URLLC that requires a new dedicated solution. We note that there is already a parallel discussion in Rel-17 URLLC for supporting UL intra UE multiplexing where the low priority HARQ-ACK can be multiplexed into PUCCH or PUSCH with high priority instead of being dropped.
For high-priority HARQ-ACK, it should not be dropped due to prioritization. The only cases that it will be dropped are related to resource collision with invalid symbols which can be avoid by proper scheduling. In this sense, no solutions are needed to support this case either.
For any reason, if the scenario of cancelled HARQ-ACK is still present in Rel-17 and a solution in addition to any multiplexing solutions is still desired, it is sufficient to rely on the existing solutions such as HARQ-ACK feedback transmission based on Type-3 HARQ-ACK codebook. There is no strong need to introduce any new solution for retransmission of the dropped HARQ-ACK. Figure 5 illustrates an example of using Type-3 HARQ-ACK feedback to recover dropped low priority HARQ-ACK.

[image: ]
[bookmark: _Ref61341968]Figure 5 Example of using Type-3 HARQ-ACK feedback to recover dropped HARQ-ACK. Here Type-3 HARQ-ACK feedback contains HARQ-ACK of all HARQ processes including the dropped ones.   

[bookmark: _Toc61904942]If the scenario of cancelled HARQ-ACK is still present in Rel-17, support HARQ feedback based on Type-3 HARQ-ACK codebook to recover the cancelled HARQ-ACK.

To better support Type-3 HARQ-ACK codebook for URLLC, it should be possible to support a priority indication in the DCI triggering Type-3 HARQ-ACK feedback. With this support, the dropped HARQ-ACK can possibly be included immediately as part of the HARQ-ACK feedback based on Type-3 HARQ-ACK codebook. Figure 6 shows an example of how Type-3 HARQ-ACK feedback is used with priority indication to carry also the “would-be-dropped” HARQ-ACK. Note that although the Type-3 HARQ-ACK feedback is triggered with high priority indication in the DCI, it contains HARQ-ACK bits of all HARQ processes regardless of priority. The priority indication here is used only for selecting proper parameters for PUCCH transmission and for the purpose of UL prioritization.

[image: ]
[bookmark: _Ref54200618]Figure 6 Example of Type-3 HARQ-ACK feedback with high priority indication in the triggering DCI. Here PUCCH with low priority HARQ-ACK is dropped, however the dropped HARQ-ACK bits would be included in the Type-3 HARQ-ACK codebook.   

[bookmark: _Toc61904943]Support Type-3 HARQ-ACK codebook with priority indication in the triggering DCI.

When Type-3 HARQ-ACK feedback is triggered, UE reports HARQ-ACK for all HARQ processes and all component carriers (CCs) configured in the PUCCH group. In some cases, the number of configured CCs are larger than that of the active ones. It is reasonable to limit Type-3 HARQ-ACK codebook to include only HARQ-ACK from all HARQ processes and all active CCs in the PUCCH group. This is one simple way to help reduce the payload size of the Type-3 codebook.
[bookmark: _Toc61904944]Support Type-3 HARQ-ACK codebook where only A/N of “activated CCs” are included in the codebook instead of all “configured CCs”.
· [bookmark: _Toc61904945]Study other methods for size reduction for Type 3 HARQ-CB

2.5	SPS HARQ payload size reduction and / or skipping for ‘non-skipped’ SPS PDSCH
Regarding SPS HARQ payload size reduction, it was argued e.g., in [5] that it may help to improve the PUCCH coverage. However, we note that in most cases only marginal gain can be expected from the payload size reduction. Moreover, PUCCH coverage can already be compensated and controlled by proper allocation of PUCCH resources. Reducing the payload size may also lead to worse resource efficiency or even worse reliability which is crucial for URLLC. For example, if the solution is based on some bundling rule, it may lead to unnecessary retransmissions of PDSCHs.
[bookmark: _Toc61904946]Do not support SPS HARQ payload size reduction.

It was also discussed that SPS HARQ skipping when only ACK bits are included in the codebook can be considered. This can be useful for reducing the number of UL transmissions, especially if PDSCH is always scheduled with very low target BLER, e.g., 10-5. However, we note that it is not necessary the case that PDSCH is always transmitted with such very low BLER. There exist a wide range of reliability and latency requirements for URLLC use cases. It also depends on scheduling strategy when it comes to link adaptation. For example, when the latency requirement allows for a HARQ retransmission, it may not be desirable to target very low BLER from the first transmission due to low spectral efficiency. Therefore, it cannot be expected that only ACK bit is transmitted for URLLC DL transmission, and the benefit of skipping SPS HARQ-ACK with only ACK bits becomes less clear.
[bookmark: _Toc61904929]Target BLER of PDSCH transmission depends on use case requirements where different scheduling strategies may be performed considering spectral efficiency. When PDSCH is not always transmitted with extremely low BLER, the benefit of skipping SPS HARQ-ACK with only ACK bits becomes less clear.

2.6	Type 1 HARQ codebook for sub-slot HARQ-ACK
In Rel-16, sub-slot HARQ-ACK is supported in order to allow multiple PUCCHs carrying HARQ-ACK within a slot. This is beneficial for URLLC operation requiring low latency for HARQ feedback transmission. However, we note that the sub-slot HARQ-ACK based on Type-1 HARQ-ACK codebook is not supported in Rel-16, making the support for sub-slot HARQ-ACK incomplete in general.
Type-1 HARQ-ACK codebook provides robustness for HARQ-ACK feedback since there is no ambiguity regarding missed PDCCH at the UE. This is crucial for URLLC which requires high reliability transmission. Therefore, it is important that Type-1 HARQ-ACK codebook for sub-slot HARQ-ACK is supported in Rel-17.
[bookmark: _Toc61904947]Support Type-1 HARQ-ACK codebook for sub-slot in Rel17.

In the existing pseudo code for Type-1 HARQ-ACK codebook determination in [6], in order to determine a set of PDSCH reception candidates, there are different steps which involve mapping an UL slot index to a corresponding DL slot index when UL and DL numerologies are different. 
In order to properly support Type-1 HARQ-ACK codebook for sub-slot HARQ-ACK, it is important that those steps are updated to take into account the fact that the timing for sub-slot HARQ-ACK is now based on sub-slot instead of slot. We propose that the number of sub-slots in an UL slot derived from the sub-slot length is taken into account when such mapping is done. 
In the pseudo code for determining the set of possible PDSCH reception candidates, the ratio  represents the number of DL slots in an UL slot. We propose that the ratio  is scaled by the number of sub-slots in an UL slot, denoted by , to  in the pseudo code in order to maintain proper mapping from an UL sub-slot index to a DL slot index as shown below. 
We note that these changes are simple modifications to properly support Type-1 HARQ-ACK codebook for sub-slot with minimal specification impact. 
	For the set of slot timing values [image: ], the UE determines a set of [image: ] occasions for candidate PDSCH receptions or SPS PDSCH releases according to the following pseudo-code. 
…
If a UE is not provided ca-SlotOffset for any serving cell of PDSCH receptions and for the serving cell of corresponding PUCCH transmission with HARQ-ACK information
while [image: ] 
if  
Set [image: ] – index of a DL slot within an UL slot
while  
…
if slot [image: ] starts at a same time as or after a slot for an active DL BWP change on serving cell [image: ] or an active UL BWP change on the PCell and slot ,  is before the slot for the active DL BWP change on serving cell [image: ] or the active UL BWP change on the PCell 
; 
else 
while [image: ]
if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot  to slot , at least one symbol of the PDSCH time resource derived by row [image: ] is configured as UL where [image: ] is the k-th slot timing value in set [image: ], 
…
else
…
end if
end while
…
end if
end while
end if
...
end while
…
end if



[bookmark: _Toc61904948]Support Type-1 HARQ codebook for sub-slot HARQ-ACK by updating the pseudo code for determining a set of occasions for candidate PDSCH reception where the  ratio  is changed to , where N is the number of sub-slots in an UL slot.

In some scenarios, there may still be some redundancy in the codebook, e.g., when there are effectively multiple UL sub-slots within a DL slot. In such cases, it was discussed that further optimization to reduce the size of the codebook can be considered. For example, the set of TDRA entries in a slot, R, can be split into different subsets. One possible solution is to consider splitting TDRA entries so that different subset contains the entries with SLIV ending in different non-overlapped subsets of DL symbols. One example of how this can be implemented in the specification is shown below.
[bookmark: _Toc61904949]Once Type-1 codebook for sub-slot is supported, further optimization to reduce Type-1 codebook size can be considered.

	For the set of slot timing values [image: ], the UE determines a set of [image: ] occasions for candidate PDSCH receptions or SPS PDSCH releases according to the following pseudo-code. 
…
Set [image: ] - index of occasion for candidate PDSCH reception or SPS PDSCH release
Set [image: ]
Set [image: ]
Set [image: ] to the cardinality of set [image: ]
Set k =0 – index of slot timing values [image: ], in descending order of the slot timing values, in set [image: ] for serving cell [image: ]
Partition symbols of a DL slot into  equally non-overlapped subsets of DL symbols, indexed by  Then partition the set  into  subsets  where , where each subset  contains TDRA entries with SLIV ending within the corresponding subset of DL symbols.
Set  
If a UE is not provided ca-SlotOffset for any serving cell of PDSCH receptions and for the serving cell of corresponding PUCCH transmission with HARQ-ACK information
while [image: ] 
if [image: ] 
Set [image: ] – index of a DL slot within an UL slot
while   
Set [image: ] to the set of rows the subset 
Set [image: ] to the cardinality of [image: ]
Set [image: ] – index of row in set [image: ]
if slot [image: ] starts at a same time as or after a slot for an active DL BWP change on serving cell [image: ] or an active UL BWP change on the PCell and slot  is before the slot for the active DL BWP change on serving cell [image: ] or the active UL BWP change on the PCell 
; 
else 
while [image: ]
if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot  to slot , at least one symbol of the PDSCH time resource derived by row [image: ] is configured as UL where [image: ] is the k-th slot timing value in set [image: ], 
…
else
… 
end if
end while
…
end if
end while
end if
[image: ];
; 
end while
…
end if



2.7	PUCCH carrier switching for HARQ feedback
By default, HARQ-ACK of a PDSCH is transmitted on the PCell or PUCCH-SCell of the corresponding PUCCH group. It was discussed that if the PCell has a DL heavy TDD pattern, there can be a long delay for HARQ-ACK feedback which leads to overall high transmission latency. Therefore, allowing HARQ-ACK to be transmitted on another serving cell other than PCell can be beneficial for achieving low latency for URLLC. It was agreed in RAN1 #103-e [1] that for PUCCH carrier switching, only cells which are part of the active UL CA configuration are considered.
Dynamic PUCCH carrier switching was proposed to allow for dynamic indication of a carrier to use for HARQ-ACK feedback to reduce HARQ-ACK feedback latency. In our view, the benefit of dynamic PUCCH carrier switching is unclear. Latency gain depends heavily on TDD pattern of the carriers as well as data arrival pattern. Moreover, significant specification impact is expected, especially those related to PUCCH resource configurations, PUCCH groups, and associated functionalities, numerologies and capability. 

[bookmark: _Toc61904930]Large specification impact is expected from dynamic PUCCH carrier switching whereas latency benefit is unclear as it heavily depends on TDD pattern of the carriers.
[bookmark: _Toc61904950]Do not support dynamic PUCCH carrier switching.

It can be argued that in practice the latency gain of utilizing other serving cell for HARQ-ACK feedback can be most realized when there is an FDD carrier on which HARQ-ACK is allowed to be transmitted. In this case, there is no need for dynamic PUCCH carrier switching. It is sufficient to have semi-static configuration of the PUCCH cell for HARQ-ACK feedback. In fact, it is already possible to configure a PUCCH cell in PDSCH-ServingCellConfig to indicate the ID of the serving cell of the same cell group to use for HARQ-ACK feedback in PUCCH when adding a new SCell. To allow for more flexibility, we propose that it should also be possible to configure for the PCell, a PUCCH cell to indicate the serving cell of the same cell group to use for HARQ-ACK feedback.
[bookmark: _Toc61904931]It is sufficient to have semi-static configuration of the PUCCH cell other than PCell to use for HARQ-ACK feedback. 
[bookmark: _Toc61904951]Support a configuration of pucch-Cell on PCell to indicate another serving cell within the same cell group to use for PUCCH.

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	In the proposed deferring procedure, once the next available slot/sub-slot to use for the deferred SPS HARQ-ACK is determined, the SPS HARQ-ACK can be transmitted in that slot/sub-slot without deferring further.
Observation 2	In the proposed deferring procedures, the existing procedures for HARQ-ACK codebook construction is used for construction of the deferred SPS HARQ-ACK.
Observation 3	In the proposed deferring procedures, the existing multiplexing rule for multiplexing the deferred SPS HARQ-ACK with other HARQ-ACK bits in the same slot/sub-slot is used.
Observation 4	In the proposed deferring procedures, if the deferred HARQ-ACK bit is multiplexed with only HARQ-ACK bits in response to one or more SPS receptions and the UE is provided SPS-PUCCH-AN-List-r16, then the UE determines a PUCCH resource to use for the multiplexed HARQ-ACK bits from sps-PUCCH-AN-ResourceID as defined in the current specification.
Observation 5	When SPS occasions are over-provisioned to minimize the alignment delay to the actual transmission, there can be many unnecessary UE feedback transmission (NACK) corresponding to unused SPS occasions with no actual SPS PDSCH transmitted.
Observation 6	There is no need to support HARQ-ACK skipping for other multiplexing cases, e.g., multiplexing of HARQ-ACK bits of skipped SPS PDSCH and non-skipped PDSCHs.
Observation 7	There is no need for UE to have an independent step to identify the ‘skipped’ SPS PDSCH.
Observation 8	The existing PUCCH repetition framework is restrictive as it is only enabled by semi-static configuration and the configuration is tied to PUCCH format.
Observation 9	Target BLER of PDSCH transmission depends on use case requirements where different scheduling strategies may be performed considering spectral efficiency. When PDSCH is not always transmitted with extremely low BLER, the benefit of skipping SPS HARQ-ACK with only ACK bits becomes less clear.
Observation 10	Large specification impact is expected from dynamic PUCCH carrier switching whereas latency benefit is unclear as it heavily depends on TDD pattern of the carriers.
Observation 11	It is sufficient to have semi-static configuration of the PUCCH cell other than PCell to use for HARQ-ACK feedback.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Adopt the following procedures when deferring DL SPS only HARQ-ACK is enabled:
Proposal 2	SFI is not considered to cause SPS HARQ-ACK deferring.
	Note: If the UE detects SFI which turns flexible to DL symbols, causing PUCCH carrying SPS HARQ-ACK to collide with invalid symbols, then the UE simply follows the already existing behavior.
Proposal 3	Allow configuration of additional “invalid symbols or slot/sub-slots” which are considered invalid and cannot be used for the deferred SPS HARQ-ACK.
Proposal 4	If needed, the maximum number of slots for which SPS HARQ-ACK deferring is allowed is limited by the maximum K1 value in the set of configured slot timing values.
Proposal 5	Support HARQ-ACK feedback skipping for a codebook with only DL-SPS HARQ ACK feedback when all HARQ-ACK bits in the codebook are NACK.
Proposal 6	Do not support dynamic indication of skipped SPS PDSCH occasions.
Proposal 7	Support sub-slot based PUCCH repetition where PUCCH repetition is performed across multiple sub-slots and each repetition uses the same resource (i.e., same starting symbol within a sub-slot, duration, and number of PRBs).
Proposal 8	Support having a repetition factor for PUCCH repetition as part of the configuration of PUCCH resources.
Proposal 9	PUCCH repetition is supported for all PUCCH formats.
Proposal 10	If the scenario of cancelled HARQ-ACK is still present in Rel-17, support HARQ feedback based on Type-3 HARQ-ACK codebook to recover the cancelled HARQ-ACK.
Proposal 11	Support Type-3 HARQ-ACK codebook with priority indication in the triggering DCI.
Proposal 12	Support Type-3 HARQ-ACK codebook where only A/N of “activated CCs” are included in the codebook instead of all “configured CCs”.
	Study other methods for size reduction for Type 3 HARQ-CB
Proposal 13	Do not support SPS HARQ payload size reduction.
Proposal 14	Support Type-1 HARQ-ACK codebook for sub-slot in Rel17.
Proposal 15	Support Type-1 HARQ codebook for sub-slot HARQ-ACK by updating the pseudo code for determining a set of occasions for candidate PDSCH reception where the  ratio  is changed to , where N is the number of sub-slots in an UL slot.
Proposal 16	Once Type-1 codebook for sub-slot is supported, further optimization to reduce Type-1 codebook size can be considered.
Proposal 17	Do not support dynamic PUCCH carrier switching.
Proposal 18	Support a configuration of pucch-Cell on PCell to indicate another serving cell within the same cell group to use for PUCCH.
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Example 1:

DL0 SPS configured with periodicity of one slot and activated from slot n+2 with K1=1.

slot n n+1 n+2 n+3 n+4 n+5 n+6 n+7

TDD config D D D U D D D U

DL0 SPS DL0 SPS0 DL0 SPS1 DL0 SPS2 DL0 SPS3

DL0 SPS HARQ-ACK A0 A1 A2 A3

PUCCH transmission

Transmit  P0 in slot n+3 Transmit P1 in slot n+7

CB={A0} CB={A1,A2,A3}

A1 is deferred 2 slots

A2 is deferred 1 slot

A3 is not deferred
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PUCCH resource for DL SPS configuration:

P0: PUCCH format0, statSymbolIndex=12,nrofSymbols=2

P1: PUCCH format3, statSymbolIndex=10,nrofSymbols=4

P0 for 1-2 bits HARQ-ACK CB

P1 for more than 2 bits HARQ-ACK CB

Example 2:

DL0 SPS configured with periodicity of one slot and activated from slot n+2 with K1=1.

DL1 SPS configured with periodicity of two slots and activated from slot n+4 with K1=2.

slot n n+1 n+2 n+3 n+4 n+5 n+6 n+7 n+8 n+9 n+10 n+11

TDd config D D D U D D D U D D D U

DL0 SPS DL0 SPS0 DL0 SPS1 DL0 SPS2 DL0 SPS3 DL0 SPS4 DL0 SPS5 DL0 SPS6

DL0 SPS HARQ-ACK A0 A1 A2 A3 A4 A5 A6

DL1 SPS DL1 SPS0 DL1 SPS1 DL1 SPS2 DL1 SPS3

DL1 SPS HARQ-ACK B0 B1 B2 B3

PUCCH transmission

Transmit  P0 in slot n+3 Transmit P1 in slot n+7 Transmit P1 in slot n+7

CB={A0} CB= {A1,A2,A3,B0} CB={A4,A5,A6, B1, B2}

A1 is deferred 2 slots A4 is deferred 2 slots

A2 is deferred 1 slot A5 is deferred 1 slot

A3 is not deferred A6 is not deferred

B0 is deferred 1 slot B1 is deferred 3 slots

B2 is deferred 2 slots


image4.emf

image5.emf

image6.emf

image7.png
One-shot
PUCCH

ALLA/N

(include
dropped
LPA/N)





image8.png
One-shot
PUCCH with
high priority
indicationin
triggering DCI

ALLA/N
(include LP& HP
A/N)





image9.wmf
1

K


image10.wmf
c

A

M

,


image11.wmf
(

)

1

K

k

C

<


image12.wmf
0

D

=

n


image13.wmf
U

n


image14.wmf
c


image15.wmf
(

)

R

r

C

<


image16.wmf
r


image17.wmf
k

K

,

1


image18.wmf
1

K


image19.wmf
0

=

j


image20.wmf
Æ

=

B


image21.wmf
Æ

=

c

A

M

,


image22.wmf
(

)

1

K

C


image23.wmf
k

K

,

1


image24.wmf
(

)

(

)

0

1

,

2

max

,

1

-

mod

DL

UL

-

1

U

=

+

m

m

,k

K

n


image25.wmf
R


image26.wmf
(

)

R

C


image27.wmf
0

=

r


image28.wmf
1

+

=

k

k


