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1	Introduction
In RAN1 #104-e, the following agreements were reached on UE feedback enhancements for HARQ-ACK for URLLC [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: Support sub-slot based PUCCH repetition for HARQ-ACK based on the Rel-16 PUCCH procedure for slot-based PUCCH applied to sub-slot based PUCCH
· Note: the intention is to take the Rel-16 slot-based PUCCH by replacing with “sub-slot” appropriately, without further optimization unless necessary
· FFS whether or not there is any restriction for the applicability of sub-slot based PUCCH repetition for HARQ-ACK
· Dynamic repetition indication is supported also for sub-slot based PUCCH in Rel-17
· FFS: if the method to be specified in Cov. Enh WI for slot-based PUCCH repetition can be directly applied to sub-slot PUCCH or if changes are needed

Agreements: Support PUCCH repetition for PUCCH formats 0 and 2 at least for sub-slot based PUCCH repetition. 
· FFS: Support for slot-based PUCCH repetition


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 (TBD) 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 >1)  
· FFS: if there is a limit on the maximum deferral given in terms of e.g. k1def <=X or k1+k1def <=X

Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the initial slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.

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 our views on solutions to support different Rel-17 HARQ-ACK enhancements for IIoT/URLLC.
[bookmark: _Ref178064866]2	Discussion
2.1	DL SPS HARQ-ACK deferral
It was agreed that SPS HARQ-ACK deferral is to be supported to address scenarios of potential SPS HARQ-ACK dropping due to mismatch of SPS periodicity, HARQ-ACK timing and valid UL symbols in the TDD pattern. Few design aspects were concluded during the last meetings. In the following, we discuss our views on the remaining design issues of DL SPS HARQ-ACK deferral.
2.1.1	Configuration of DL SPS HARQ-ACK deferral
Based on the agreement from RAN1 #104, there are two options to consider.
	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



Option 1 provides simple way to configure SPS HARQ-ACK deferral where any SPS HARQ-ACK within a PUCCH cell group in principle is subject to deferral. One drawback of Option 1 is that it is less flexible as there might be some SPS configurations which do not require the deferral enhancement, e.g., those with lower priority. 

Option 2 on the other hand provides configuration flexibility where only HARQ-ACK of SPS PDSCH configurations configured for deferral are subject to deferral. One potential issue raised on this option is the potential out-of-order condition related the deferred HARQ-ACK. However, in our view, from UE processing perspective the UE is supposed to already prepare HARQ-ACK subject to the original timeline. So even if the HARQ-ACK of certain SPS PDSCH configuration is deferred to next available UL slot, it cannot be considered to cause out-of-order HARQ-ACK. With this understanding, it is therefore preferred that SPS HARQ-ACK deferral can be configured per SPS configuration to provide flexibility. 

[bookmark: _Toc68560594]The deferred HARQ-ACK of certain SPS PDSCH configuration is already prepared by the UE and therefore is not considered to cause any out-or-order HARQ-ACK.
[bookmark: _Toc68560602]Support configuration of SPS HARQ-ACK deferral per SPS configuration (Option 2) if it is concluded that a deferred HARQ-ACK of certain SPS PDSCH configuration is not considered to cause any out-or-order HARQ-ACK. Otherwise, support configuration of SPS HARQ-ACK deferral per PUCCH cell group (Option 1).

2.1.2	Conditions for SPS HARQ-ACK deferral from /within the initial slot
From the feature lead summary of the email discussions [2], there exist different views on the conditions for which SPS HARQ-ACK is subject to deferral. Different alternatives can be summarized in the following.

· Alt. 1: UE first multiplexes UCI in a slot, if any, following the existing procedure. Then the UE determines a PUCCH resource for the multiplexed UCI following the existing procedure.
· If the UCI is SPS HARQ-ACK only and the PUCCH resource overlaps with invalid symbols  the SPS HARQ-ACK is deferred.
· On the other hand, if SPS HARQ-ACK is multiplexed with other UCI (e.g., dynamic AN)  the multiplexed UCI is not deferred.  
· Comments for Alt. 1: 
· We acknowledge that Alt.1 tries to maintain as much as possible the existing procedure of HARQ-ACK multiplexing. However, there is a serious underlying issue of potential DCI misdetection at the UE which can cause misunderstanding between gNB and UE on the HARQ-ACK codebook construction and transmission. Consider Example 2 in  Figure 1 where we assume that there are a HARQ-ACK corresponding to a dynamically scheduled PDSCH (called PDSCH_AN) and a HARQ-ACK of SPS1 (called SPS1_AN) scheduled and configured to be transmitted in a special slot. Following Alt. 1, if the DCI scheduling the PDSCH is received by a UE, the UE would multiplex PDSCH_AN and SPS1_AN and determine a PUCCH resource for the multiplexed UCI following the existing procedure. Assuming that the PUCCH resource occupies the last two symbols of the special slot. Since it is a valid resource, this multiplexed UCI would be transmitted by the UE. Now consider another scenario that the DCI scheduling the PDSCH is missed instead. In this case, the UE would only consider transmitting SPS1_AN. Assuming that the configured PUCCH resource of SPS1_AN overlaps with some invalid symbols of this special slot. It is therefore deferred to the next available slot instead. However, gNB is not aware of the missed DCI event and expects that the multiplexed UCI would be transmitted in this special slot and not deferred, leading to a misunderstanding.
· Alt. 1 is complicated in the sense that the deferral condition can depend on dynamic scheduling as described above, i.e., whether to defer or not depends on dynamic AN. This leads to scenarios where it is not possible to know in advance where the SPS AN will be transmitted, which deviates from the semi-static principle of SPS and is not desirable from the implementation complexity perspective.

[image: ]
[image: ]
[bookmark: _Ref68510408]Figure 1 Examples of Alt.1 where the deferral is based on the determined PUCCH resource of the (multiplexed) UCI. If the multiplexed UCI is not SPS HARQ-ACK only, it is not deferred.

· Alt. 1A: UE first checks the deferral condition for SPS HARQ-ACK before multiplexing with other UCI in a slot, if any. 
· If the PUCCH resource for SPS HARQ-ACK (or the multiplexed SPS HARQ-ACKs only) overlaps with any invalid symbols  the SPS HARQ-ACK is deferred.
· If not, SPS HARQ-ACK is multiplexed with other UCI in a slot, if any, following the existing procedure.  
· Comments for Alt. 1A: 
· Alt.1A tries to address the issue of DCI misdetection in Alt.1 by considering deferral of SPS-HARQ-ACK first before any multiplexing with other UCI in a slot. From the first glance, it may look as if this would change the existing multiplexing procedure. However, from the SPS HARQ-ACK deferral perspective, we may see it as determining a new actual K1 for the SPS HARQ-ACK which can be done separately from any multiplexing procedure. The actual multiplexing can still follow the existing procedure. Consider Figure 2 where we assume that there are a HARQ-ACK corresponding to a dynamically scheduled PDSCH (called PDSCH_AN) and a HARQ-ACK of SPS1 (called SPS1_AN) in a special slot. Assuming that a PUCCH resource for SPS1_AN overlaps with invalid symbols. Following Alt. 1A, the SPS1_AN would be deferred regardless of any missed DCI. 
· A drawback of Alt. 1A is that it still requires that UE checks for PUCCH resource of SPS HARQ-ACK before deciding on the deferral. This step can become more complicated with multiple SPS configurations, e.g., when there is new SPS activation which leads to new PUCCH resource and possibly new actual K1. 
[image: ]
[bookmark: _Ref68510384]Figure 2 Example of Alt.1A where the deferral is based on the determined PUCCH resource of the SPS HARQ-ACK. Deferral is checked first before multiplexing with any other UCI.


· Alt. 3: UE first checks the deferral condition for SPS HARQ-ACK based on available valid symbol in a slot. 
· If there is any valid symbol for UL transmission in a slot, SPS HARQ-ACK is not deferred. It may be multiplexed with any other UCI in the slot and a PUCCH resource is determined following the existing procedure. If the PUCCH resource overlaps with any invalid symbol, the UCI is dropped.
· On the other hand, if there is no valid symbol for UL transmission in a slot, the SPS HARQ-ACK is deferred to the next available slot.
· This condition may be seen as determining a new actual K1 for the deferred SPS HARQ-ACK.  
· Comments for Alt. 3: 
· Alt.3 is simple as it considers deferral of SPS-HARQ-ACK based only on the presence of valid symbols for UL transmission in a slot. Since the valid symbols are not influenced by any other dynamic scheduling, unlike PUCCH resource, the deferral condition is very simple and can be known in advance in a predictable manner which is consistent with the principle of SPS, i.e., we know exactly where SPS HARQ-ACK (deferred or not) will be transmitted. Alt. 3 also does not have any issue with missed DCI.
· One potential drawback is that there might be SPS AHRQ-ACK dropping if PUCCH resource for SPS HARQ-ACK are not properly configured for special slots as shown in Example 1 of Figure 3. However, we note that this can be avoided with proper PUCCH resource configuration, or if further configuration of invalid symbols/slot for (deferred) SPS HARQ-ACK is allowed (see Alt. 3A).
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[bookmark: _Ref68510356]Figure 3 Examples of Alt. 3 where the deferral is based on the presence of valid symbols in a slot. 

· Alt. 3A: UE first checks the deferral condition for SPS HARQ-ACK based on available valid symbol in a slot. Note that in this alternative a UE can be further configured with invalid symbols/slots for SPS HARQ-ACK. 
· If there is any valid symbol for UL transmission in a slot, SPS HARQ-ACK is not deferred. It may be multiplexed with any other UCI in the slot and a PUCCH resource is determined following the existing procedure. If the PUCCH resource overlaps with any invalid symbol, the UCI is dropped.
· On the other hand, if there is no valid symbol for UL transmission in a slot, the SPS HARQ-ACK is deferred to the next available slot.
· Comments for Alt. 3A: 
· Alt.3A has all the benefits of Alt. 3 in terms of simplicity. In addition to that, it addresses potential drawback of SPS HARQ-ACK dropping by allowing a configuration of invalid symbols/slots for SPS HARQ-ACK. Consider Example 1 of Figure 4 below. With configuration of invalid symbols/slots, it is possible to avoid SPS_AN dropping, e.g. in this example, due to configuration of invalid symbols for SPS HARQ-ACK on the last 4 symbols of the special slot, there is no available valid symbol in this special slot anymore. Since there is no valid symbol in the slot (after the configuration of the invalid symbols), the SPS1_AN is not dropped but deferred to the next available slot instead.
· Note that the configuration of invalid symbols for SPS HARQ-ACK are also useful to provide flexibility for deferral operation. That is, it can be used to enable load balancing for HARQ-ACK transmission. For example, if there are two consecutive UL slots in a TDD pattern, it might be that SPS HARQ-ACKs are mostly deferred to the first UL slot of the two, causing a potential UL resource capacity issue. Or in another example, in a special slot with only a few UL symbols, these UL symbols may be intended for other UL signaling like SRS transmission. If there is no flexibility on the deferral operation such as a possibility to configure invalid symbols/slots for SPS HARQ-ACK, this slot can be used for the 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.
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[bookmark: _Ref68510315]Figure 4 Examples of Alt. 3A where the deferral is based on the presence of valid symbols in a slot. Note that for this Alt. 3, it is possible to also configure invalid symbols/slots for SPS HARQ-ACK to provide flexibility in deferral operation.

Based on the above discussion of different alternatives, we provide a summary comparison below.
	Alternatives for deferral conditions
	Pros
	Cons

	Alt. 1
	· Maintain the existing procedure of HARQ-ACK multiplexing
	· DCI missed issue
· Complicated deferral procedure based on PUCCH resource where the deferral can depend on dynamic scheduling.

	Alt. 1A
	· No DCI missed issue
	· Still complicated deferral procedure based on PUCCH resource especially when there are multiple SPS configurations where the deferral can depend on the newly activated SPS.

	Alt. 3
	· No DCI missed issue
· Simple deferral procedure based only on the presence of valid symbols in a slot  preserve predictable outcome of SPS HARQ-ACK deferral, preserve the semi-static principle of SPS 
	· Potentially more SPS HARQ-ACK dropping in special slots if PUCCH resources for SPS are not properly configured.

	Alt. 3A
	· No DCI missed issue
· Simple deferral procedure based only on the presence of valid symbols in a slot  preserve predictable outcome of SPS HARQ-ACK deferral, preserve the semi-static principle of SPS
· Can avoid SPS HARQ-ACK dropping
· Provide more flexibility for deferral operation, e.g., help to enable load balancing of UL resource  
	· Require a configuration of invalid symbols/slots for SPS HARQ-ACK



[bookmark: _Toc68560603]Further discuss to down-select an alternative for deferral condition among Alt. 1A, 3 and 3A. Do not support Alt. 1. 

According to Alt. 1A, 3, and 3A above, we can see the effect of deferral as determining a new actual K1 for SPS HARQ-ACK caused by k1def. This step of determining a new actual K1 can be done separately prior to the existing multiplexing and PUCCH resource determination procedures. 
[bookmark: _Toc68560595]The deferral condition according to Alt. 1A, 3, and 3A essentially lead to an update procedure on determining the new actual K1. This can be done separately prior to the existing multiplexing and PUCCH resource determination procedures.

Note that Alt. 2 is excluded from our discussion above. The reason is that in our view, Alt. 2 should be considered in a separate discussion instead since it deals with PUCCH resource determination enhancement. For example, Alt. 2 can be considered as further enhancement to potentially reduce the SPS HARQ-ACK deferral to the next available slot with the aim to avoid any latency incurred. 
[bookmark: _Toc68560596]Alt. 2 can be considered in a separate discussion dealing with PUCCH resource determination enhancement. Whether it is needed can be discussed after the discussion on deferral condition is clear.

2.1.3	Limitations on k1def - minimum or maximum value
Our view regarding the limitation on k1def  based on the agreement below, is as the following.
	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 (TBD) 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 >1)  
· FFS: if there is a limit on the maximum deferral given in terms of e.g. k1def <=X or k1+k1def <=X



In practice, with typical slot configuration and TDD pattern, there is no need to limit the maximum value for k1def . However, to limit the impact on Type-1 HARQ-ACK codebook size, we may consider that k1def is limited so that k1+ k1def does not exceed the maximum value in the set of configured K1 values.
Regarding the minimum value, in our view there is no need to define one. The original K1 already takes into account UE processing time for preparing HARQ-ACK and the deferral condition should be relatively simple to perform.
[bookmark: _Toc68560604]Support defining a limit on the maximum deferral for k1def so that k1+ k1def does not exceed the maximum value in the set of configured K1 values. 
[bookmark: _Toc68560605]Do not define a limit on the minimal deferral.
[bookmark: _Toc61894280][bookmark: _Toc61897250][bookmark: _Toc61897915][bookmark: _Toc61894281][bookmark: _Toc61897251][bookmark: _Toc61897916]
2.1.4	Additional design consideration for deferring procedures
When k1def granularity for deferral is 1 slot/sub-slot, it can lead to scenarios where DL SPS HARQ-ACK is deferred to an UL slot where it does not correspond to a slot according to any K1 value in a set of configured K1 values. 
See for example Figure 5 where we assume that a UE is configured with the set of K1 values {0, 1, 2, 4}. In this example, SPS_AN is deferred to the first available UL slot nu which corresponds to the slot with the actual K1 equal to 3. 
With the existing pseudo-code for Type-1 HARQ-ACK codebook generation for HARQ-ACK codebook in slot nu, there would not be a place holder in the codebook for the deferred SPS HARQ-ACK bit since K1 =3 is not in the set of configured K1 values. This leads to an error and mismatch in the codebook generation.
[image: ]
[bookmark: _Ref68510441]Figure 5 SPS HARQ-ACK deferral leads to it being transmitted in a slot/sub-slot which does not correspond to any K1 value of the set of configured K1 values.

The above issue may be avoided by the gNB configuration of the set of K1 values. However, in some scenarios, it may not always be possible. Therefore, one can potentially resolve the issue with some updates to the Type-1 HARQ-ACK codebook construction procedure. One possible solution is to simply modify the set of K1 values by including any possible new K1 values in the set of configured K1 values used in the Type-1 codebook construction. This solution is simple, however may lead to an unnecessary large codebook size. 
Alternatively, it may be possible to consider the codebook is constructed by appending the deferred DL SPS HARQ-ACK bits only when necessary.  
[bookmark: _Toc68560606]Study potential update of Type-1 HARQ-ACK codebook procedure to support DL SPS HARQ-ACK deferral when k1def is not included in the set of configured K1 values. The update should not lead to an excessive increase of the HARQ-ACK codebook size. 

2.2 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 6 illustrates an example of using Type-3 HARQ-ACK feedback to recover dropped low priority HARQ-ACK.
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[bookmark: _Ref61341968]Figure 6 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: _Toc68560607]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 7 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 7 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: _Toc68560608]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: _Toc68560609]Support Type-3 HARQ-ACK codebook where only A/N of “activated CCs” are included in the codebook instead of all “configured CCs”.
· [bookmark: _Toc68560610]Study other methods for size reduction for Type 3 HARQ-CB

2.3	SPS HARQ skipping & payload size reduction
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: _Toc68560597]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: _Toc68560611]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: _Toc68560598]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: _Toc68560599]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: _Toc68560612]Do not support dynamic indication of skipped SPS PDSCH occasions.  

Regarding SPS HARQ payload size reduction, it was argued e.g., in [2] 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: _Toc68560613]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: _Toc68560600]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.

Based on the discussion above, a suitable solution may depend on deployment scenario and services and configuration of traffics. In this sense, it can be useful to be able to enable NACK skipping, or ACK-skipping, or disable both, by RRC.  For example, a common use case is for high periodicity DL SPS for TSN where delay is critical, but traffic load is low. Hence NACK skipping is better. On the other hand, if we have a case with high load, but very reliable channels with very low BLER target, ACK skipping may be more suitable.
In both cases, the UE skips PUCCH when CB is all NACK or all ACK. Hence, no additional complexity at UE.

[bookmark: _Toc68560614][bookmark: _Toc68346223][bookmark: _Toc68511113][bookmark: _Toc68511143]Support enabling of NACK skipping, or ACK-skipping, or disabling both, by RRC.
[bookmark: _Hlk61362087]2.4	PUCCH repetition enhancements
The following agreements were reached in RAN1 #104e for PUCCH repetition enhancement.
	Agreements: Support sub-slot based PUCCH repetition for HARQ-ACK based on the Rel-16 PUCCH procedure for slot-based PUCCH applied to sub-slot based PUCCH
· Note: the intention is to take the Rel-16 slot-based PUCCH by replacing with “sub-slot” appropriately, without further optimization unless necessary
· FFS whether or not there is any restriction for the applicability of sub-slot based PUCCH repetition for HARQ-ACK
· Dynamic repetition indication is supported also for sub-slot based PUCCH in Rel-17
· FFS: if the method to be specified in Cov. Enh WI for slot-based PUCCH repetition can be directly applied to sub-slot PUCCH or if changes are needed

Agreements: Support PUCCH repetition for PUCCH formats 0 and 2 at least for sub-slot based PUCCH repetition. 
· FFS: Support for slot-based PUCCH repetition



Below we address the remaining open issues.

In Rel-17, it is now agreed to support sub-slot based PUCCH repetition. It was noted that sub-slot based PUCCH repetition would follow the same principle of PUCCH repetition across multiple slots in Rel-15 (i.e. Type A) by replacing slot with sub-slot. That is, in terms of resources to be used for PUCCH repetition across sub-slots, 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. 
In the Rel-17 coverage enhancement WI [3], it was agreed that dynamic PUCCH repetition indication is supported. The support of dynamic PUCCH repetition indication is also extended to sub-slot based PUCCH repetition. The only open issue is on the indication method. In our view, it is simplest done by including the repetition factor as part of the configuration of a PUCCH resource. Then the indication method itself can be done through the existing PRI field indicating specific PUCCH resource with PUCCH repetition factor. We note that this is similar to the method used for dynamic PUSH repetition indication in Rel-16 where repetition factor is included as part of the TDRA configuration for PUSCH. 
[bookmark: _Toc68560615][bookmark: _Toc32612989][bookmark: _Toc37452515]Support having a repetition factor for PUCCH repetition as part of the configuration of PUCCH resources.

[bookmark: _Toc68560616]Support dynamic PUCCH repetition indication through the existing PRI field in the DCI.  

This simple method provides a useful and flexible framework for dynamic PUCCH repetition. It also allows that dynamic PUCCH repetition can be applied to any UCI type (A/N, SR, CSI) and not limited only to HARQ-ACK since it is done through PUCCH resource configuration.
[bookmark: _Toc68560617]Dynamic PUCCH repetition can be applied to any UCI type (A/N, SR, CSI) and not limited only to HARQ-ACK.
  
With the introduction of dynamic repetition indication, it may happen that both the legacy parameter nrofSlots for PUCCH repetition across multiple slots and a new dynamic PUCCH repetition indication are provided to the UE. In this case, it is proposed that the UE should follow the dynamic repetition indication and ignore the parameter nrofSlots.  
[bookmark: _Toc68560618]If a UE is configured with nrofSlots and is also provided with the dynamic repetition indication, the UE should follow the dynamic repetition indication and ignore the parameter nrofSlots.  

Lastly, with sub-slot based PUCCH repetition in Rel-17, PUCCH repetition of PUCCH formats 0 and 2 are now supported at least for sub-slot based PUCCH repetition. The open issue is whether it should be supported for slot based PUCCH repetition also. In our view, PUCCH repetition should be supported for all PUCCH formats, including PUCCH formats 0 and 2 and it should be supported for both slot- and sub-slot based PUCCH repetitions. In fact, it is already supported for slot based PUCCH repetition in the context of mTRP which includes single TRP as a special case. In addition, slot-based PUCCH repetition of PUCCH formats 0 and 2 can be useful for FR2 operation with analog beam sweeping. However, the corresponding discussions can be treated under FeMIMO WI.
[bookmark: _Toc68560619]Support PUCCH repetition of PUCCH formats 0 and 2 also for slot-based PUCCH repetition for single TRP.  

2.5	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. 
In our view it is more important to avoid fragmentation in applicability of crucial features, such as Type-1 HARQ codebook for optimization reasons. Slot-based and sub-slot based transmissions can be enabled simultaneously. The operation would be complicated if Type-2 HARQ codebook is supported for both, but Type-1 HARQ codebook is supported only for slot-based for sake of potential additional overhead and reduced reliability. In our view, these reasons do not justify disabling the feature for sub-slot in Rel-17 since all these so-called issues can be simplify avoided by network configuration. If additional overhead causes issues for reliability, the network has the choice to configure TDRA to avoid overhead if the network prefers to operate based on Type-1 codebook. One should consider that there are scenarios that reliability is not an issue but sub-slot based transmission is used for reducing latency. The network should have the choice to use Type-1 codebook if it is the preferred choice for the overall operation.
[bookmark: _Toc68560601]Arguments based on potential overhead and reliability issues are not justified to continue disabling the support of Type-1 HARQ-ACK codebook in Rel-17.  It should be up to network to decide whether the use Tyle-1 HARQ-ACK codebook would be beneficial for the overall operation or not.

Therefore, it is important that Type-1 HARQ-ACK codebook for sub-slot HARQ-ACK is supported in Rel-17.
[bookmark: _Toc68560620]Support Type-1 HARQ-ACK codebook for sub-slot in Rel17.
[bookmark: _Toc68560621]Prioritize support of Type-1 codebook for sub-slot and avoid unnecessarily fragmentation for slot-based and sub-slot based supported features. Further optimization to reduce Type-1 codebook size can be considered if necessary.

In the existing pseudo code for Type-1 HARQ-ACK codebook determination in [4], 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: _Toc68560622]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.
	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



2.6	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 that for the discussion for PUCCH carrier switching, only cells which are part of the active UL CA configuration are considered. Furthermore, the following agreement was reached during RAN1#104-e [1]. 
	
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 our view, before supporting any dynamic or semi-static PUCCH carrier switching, the already existing framework for semi-static configuration of the PUCCH cell for HARQ-ACK feedback can be improved. 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: _Toc68560623]Support a configuration of pucch-Cell on PCell to indicate another serving cell within the same cell group to use for PUCCH.
In order to understand the benefit of PUCCH carrier switching, there should be clarity on the corresponding capability as compared to Rel-16 and the additional benefit as compared to operation with 3 PUCCH groups. Currently, there are different capability with respect to the size of SCS of the carrier with PUCCH as compared to the size of SCS of the carrier with DL data. If PUCCH carrier switching is supported,  it should be without any prerequisite on the SCS of the carriers in the PUCCH group. 
[bookmark: _Toc68560624]Conclude that for study of PUCCH carrier switching,  pre-requisite on the relation of SCS of the carriers within the PUCCH group is needed. 
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. 
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.  Moreover, dynamic carrier switching lacks robustness where a DCI misdetection can cause severe due to DCI misdetection. 
[bookmark: _Toc68346236][bookmark: _Toc68511126][bookmark: _Toc68511156][bookmark: _Toc68346237][bookmark: _Toc68511127][bookmark: _Toc68511157][bookmark: _Toc68560625]Do not support dynamic PUCCH carrier switching (i.e. Alt. 1).
On RRC configured or semi-static rules based PUCCH carrier switching candidates, without detailed discussions on the components of the candidate features, the usefulness of the features would be unknown. Currently, there is an overlap as well as ambiguity in the description of Alt 2B and Alt 2C. Hence, more discussions are needed to decide whether such features should be supported or not.
[bookmark: _Toc68560626]Continue further discussion on the components and corresponding procedures for semi-static based PUCCH carrier switching candidate schemes (e.g. Alt. 2B and Alt. 2C) before any decision for support. 
 and for it is pre-mature to support the feature since the usefulness of the more detailed discussions on the details of the are needed to understand the details if the corresponding features are beneficial.  

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The deferred HARQ-ACK of certain SPS PDSCH configuration is already prepared by the UE and therefore is not considered to cause any out-or-order HARQ-ACK.
Observation 2	The deferral condition according to Alt. 1A, 3, and 3A essentially lead to an update procedure on determining the new actual K1. This can be done separately prior to the existing multiplexing and PUCCH resource determination procedures.
Observation 3	Alt. 2 can be considered in a separate discussion dealing with PUCCH resource determination enhancement. Whether it is needed can be discussed after the discussion on deferral condition is clear.
Observation 4	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 5	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 6	There is no need for UE to have an independent step to identify the ‘skipped’ SPS PDSCH.
Observation 7	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 8	Arguments based on potential overhead and reliability issues are not justified to continue disabling the support of Type-1 HARQ-ACK codebook in Rel-17.  It should be up to network to decide whether the use Tyle-1 HARQ-ACK codebook would be beneficial for the overall operation or not.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Support configuration of SPS HARQ-ACK deferral per SPS configuration (Option 2) if it is concluded that a deferred HARQ-ACK of certain SPS PDSCH configuration is not considered to cause any out-or-order HARQ-ACK. Otherwise, support configuration of SPS HARQ-ACK deferral per PUCCH cell group (Option 1).
Proposal 2	Further discuss to down-select an alternative for deferral condition among Alt. 1A, 3 and 3A. Do not support Alt. 1.
Proposal 3	Support defining a limit on the maximum deferral for k1def so that k1+ k1def does not exceed the maximum value in the set of configured K1 values.
Proposal 4	Do not define a limit on the minimal deferral.
Proposal 5	Study potential update of Type-1 HARQ-ACK codebook procedure to support DL SPS HARQ-ACK deferral when k1def is not included in the set of configured K1 values. The update should not lead to an excessive increase of the HARQ-ACK codebook size.
Proposal 6	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 7	Support Type-3 HARQ-ACK codebook with priority indication in the triggering DCI.
Proposal 8	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 9	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 10	Do not support dynamic indication of skipped SPS PDSCH occasions.
Proposal 11	Do not support SPS HARQ payload size reduction.
Proposal 12	Support enabling of NACK skipping, or ACK-skipping, or disabling both, by RRC.
Proposal 13	Support having a repetition factor for PUCCH repetition as part of the configuration of PUCCH resources.
Proposal 14	Support dynamic PUCCH repetition indication through the existing PRI field in the DCI.
Proposal 15	Dynamic PUCCH repetition can be applied to any UCI type (A/N, SR, CSI) and not limited only to HARQ-ACK.
Proposal 16	If a UE is configured with nrofSlots and is also provided with the dynamic repetition indication, the UE should follow the dynamic repetition indication and ignore the parameter nrofSlots.
Proposal 17	Support PUCCH repetition of PUCCH formats 0 and 2 also for slot-based PUCCH repetition for single TRP.
Proposal 18	Support Type-1 HARQ-ACK codebook for sub-slot in Rel17.
Proposal 19	Prioritize support of Type-1 codebook for sub-slot and avoid unnecessarily fragmentation for slot-based and sub-slot based supported features. Further optimization to reduce Type-1 codebook size can be considered if necessary.
Proposal 20	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 21	Support a configuration of pucch-Cell on PCell to indicate another serving cell within the same cell group to use for PUCCH.
Proposal 22	Conclude that for study of PUCCH carrier switching,  pre-requisite on the relation of SCS of the carriers within the PUCCH group is needed.
Proposal 23	Do not support dynamic PUCCH carrier switching (i.e. Alt. 1).
Proposal 24	Continue further discussion on the components and corresponding procedures for semi-static based PUCCH carrier switching candidate schemes (e.g. Alt. 2B and Alt. 2C) before any decision for support.
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