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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#104-e we agreed the following:
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

Update on 1/28 email:
[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

This contribution discusses some considerations on HARQ-ACK enhancements for URLLC.
2. Discussions

2.1 SPS HARQ-ACK Dropping in TDD
In RAN1#104e, we agreed that dropped SPS HARQ-ACK’s due to collision with DL symbols or invalid symbols are deferred to the 1st available PUCCH.  We consider the following:
· Time window of 1st available PUCCH
· Capacity of 1st available PUCCH
· Configuration of SPS HARQ-ACK deferment

When an SPS HARQ-ACK is dropped, it was agreed that the UE would look for the 1st available PUCCH within k1def slot/sub-slots of the end of the PUCCH scheduled to carry the dropped HARQ-ACK.  It is FFS whether to introduce a minimum time k1def-min before the UE can start looking for the 1st available PUCCH.  An example is shown in Figure 1, where the PUCCH P#1 carrying HARQ-ACK for SPS#1 collides with invalid symbols and is therefore dropped.  Here k1def = 3 slots and there are 2 PUCCHs, P#2 and P#3, within the k1def time window (starting from Slot n+2 and ending at Slot n+4).  If there is no k1def-min then P#2 is the 1st available PUCCH otherwise P#3 is the 1st available PUCCH.  Since the UE may require processing time to encode the dropped HARQ-ACK and multiplex it with other UCIs into the 1st available PUCCH, the UE would need a k1def-min.  In this example P#2 is not the first available PUCCH since it occurs immediately after the end of P#1.  Since the UE is able to process the dropped HARQ-ACK within a few symbols, the granularity of k1def-min is in units of symbols rather than slot/sub-slot.
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[bookmark: _Ref64909725]Figure 1: Time window for 1st available PUCCH

Proposal 1: In deferring a dropped SPS HARQ-ACK, the UE starts looking for a 1st available PUCCH after k1def-min symbols from the end of the dropped PUCCH scheduled with the SPS HARQ-ACK.

It is noted that the dropped SPS HARQ-ACKs may accumulate across multiple SPS, thereby impacting the reliability of the first available PUCCH [1].  An example is shown in Figure 2, where SPS#1 and SPS#2 are activated with K1 values of 1 and 2 slots respectively.  The HARQ-ACKs for the first instances of SPS#1 (Slot n) and SPS#2 (Slot n+1), that are carried by PUCCH P#1 and P#2 respectively, are dropped.  These dropped SPS HARQ-ACKs are to be transmitted in the first available PUCCH, which is P#3 in this example.  However, P#3 is already scheduled to carry HARQ-ACKs for the second instances of SPS#1 (Slot n+4) and SPS#2 (Slot n+3), i.e. P#3 would need to carry twice the number of SPS HARQ-ACKs since the dropped HARQ-ACKs in P#1 and P#2 are accumulated into P#3.
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[bookmark: _Ref54189123]Figure 2: Accumulation of dropped SPS HARQ-ACK

Observation 1: The first available PUCCH may be overloaded due to accumulation of dropped SPS HARQ-ACKs.

One way to ensure the reliability of the first available PUCCH so that it is not overloaded with dropped SPS HARQ-ACKs that would impact its reliability is to impose a limit on the number of dropped SPS HARQ-ACK NHARQ that can be multiplexed into it, where the value NHARQ can be RRC configured.  These NHARQ SPS HARQ-ACKs can come from the latest SPS with dropped HARQ-ACKs prior to the first available PUCCH.  An example is shown in Figure 3, where the HARQ-ACK for SPS#1 in Slot n, SPS#3 in Slot n and SPS#2 in Slot n+1 are dropped due to collision with DL and invalid symbols.  Here, NHARQ = 2 and so the first available PUCCH P#4, which is associated with SPS#3 in Slot n+4, is allowed to carry 2 HARQ-ACKs that are dropped in addition to the HARQ-ACK for SPS#3 in Slot n+4 (labelled as A3-2).  The selection of dropped HARQ-ACK is according to the arrival of the SPS instances where the latest SPS instances are selected and in this example the latest two SPS instances that have dropped HARQ-ACKs are SPS#3 in Slot n and SPS#2 in Slot n+1, where their corresponding HARQ-ACKs are labelled as A3-1 and A2-1 respectively.  Hence P#4 carries HARQ-ACKs {A2-1, A3-1, A3-2}. 
[image: ]
[bookmark: _Ref54191393]Figure 3: 1st available PUCCH multiplexes at most NHARQ=2 dropped SPS HARQ-ACKs

Proposal 2: Up to NHARQ SPS HARQ-ACKs that are dropped due to collision with DL symbols or invalid symbols in TDD can be retransmitted by multiplexing into the first available PUCCH resource.  NHARQ is RRC configured and the range of NHARQ is FFS.

2.2 SPS HARQ skipping for ‘skipped’ SPS PDSCH
In Rel-16 SPS, an empty SPS, i.e. a ‘skipped’ SPS PDSCH, requires the UE to feedback a NACK. Due to the need to over configure the number of SPS required to support certain traffic such as TSN where the periodicity is not directly configurable in RRC, it is argued that for such traffic, there will be a lot of ‘skipped’ SPS PDSCH.  Consequently, there will be a lot of NACK being fed back which will waste PUCCH resource.  Hence it was proposed by some companies [2] that NACK is not transmitted for ‘skipped’ SPS PDSCH to reduce PUCCH payload size.  
It would be beneficial for the UE to avoid the need to perform PDSCH detection if the UE knows beforehand that an SPS PDSCH is skipped.  One way is to introduce an RRC configuration to indicate which SPS are skipped but this will reduce the flexibility for the gNB to use the SPS.  An alternative is to dynamically indicate a ‘skipped’ SPS using MAC CE in a transmitted SPS PDSCH(s) [3].  For example, an SPS PDSCH can indicate dynamically which SPS’s are skipped.  Since skipping of SPS PDSCH is due to over configuration of the SPS required, we expect these over configured SPS PDSCH to be close to each other, forming a group of over configured SPS PDSCH.  It is expected that at least one of the SPS in the group would receive a PDSCH and can therefore indicate using MAC CE which SPS within that group contains PDSCH using a bitmap.  An example is shown in Figure 4, where SPS#1, SPS#2, SPS#3 and SPS#4 forms an over-configured SPS group and for simplicity, their HARQ-ACK are fed back via PUCCH P#1.  Here SPS#1 and SPS#3 are empty but SPS#2 and SPS#4 contain PDSCH, so the MAC CE can indicate a simple bitmap {0 1 0 1} where “0” indicates skipped SPS and “1” indicates SPS with PDSCH for the group of 4 SPS.  The MAC CE is repeated for each non-empty SPS to improve reliability.  The UE then feeds back only 2 HARQ-ACKs instead of four in P#1.  The SPS group can be RRC configured.
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[bookmark: _Ref65759873]Figure 4: Group of over-configured SPS PDSCH



Proposal 3: If SPS HARQ skipping is supported, consider using MAC CE in a transmitted SPS PDSCH to indicate dynamically a bitmap indicating whether each SPS in a configured group of SPS is skipped or not skipped.  The MAC CE indication is repeated in each non-skipped SPS in the SPS group to improve reliability.

2.3 [bookmark: _Hlk54258088]SPS HARQ payload size reduction and/or skipping for SPS PDSCH
The following alternatives were considered for the reduction of SPS HARQ payload size in RAN1#104e [2]:
· Alt-1: ACK skipping (NACK-only)
· Alt-2: NACK skipping (ACK-only)
· Alt-3: HARQ bundling / compression
· Alt-4: HARQ-ACK disabling /skipping for certain SPS configurations

2.3.1 ACK/NACK Skipping
Alt-1 proposes to skip ACKs because majority of the PDSCH decoding for URLLC will be successful and hence skipping of ACKs will lead to higher overhead reduction for HARQ-ACK [4].  However, this has an impact on DTX to NACK error reliability.  
Observation 2: ACK skipping may have an impact on DTX-to-NACK detection reliability.

Alt-2 proposed to transmit a PUCCH if only all of the HARQ-ACK are NACKs.  For URLLC, NACK is typically rare, especially for a multi HARQ-ACK PUCCH with all NACKs and therefore the overhead saving is unlikely.  Furthermore, in both ACK only skipping and NACK only skipping, PUCCH resources are reserved in case there is a NACK or an ACK in the feedback.
Observation 3: NACK is typically rare in URLLC and a PUCCH carrying multiple HARQ-ACK feedback bits with all NACKs is even rarer thereby skipping of PUCCH if it contains all NACKs rarely saves any overhead.
Observation 4: For ACK skipping or NACK skipping methods, PUCCH resource is reserved anyway for a potential NACK (in ACK skipping case) or ACK (in NACK skipping case).

Retransmission of PDSCH is useful for increased reliability with efficient use of resource especially for very low BLER targets.  For example, a very low BLER of 10-6 can be achieved by allowing 2 transmissions, each of higher BLER, so that the combined BLER meets the target.  Here it is expected that the 1st transmission has a high chance of being received and the gNB needs only to allocate additional resources for a small number of retransmissions, which is a more efficient use of resource compared to using a lot of resource to ensure the very low BLER target in a single initial transmission.  Turning off HARQ-ACK in Alt-4 would have consequences to the overall operation of HARQ-ACK functionality and thereby affects the efficiency of the resource usage.  That is, trying to save payload for HARQ-ACK may result in worse use of resources elsewhere.  
Observation 5: Turning off HARQ-ACK would impact the overall HARQ-ACK functionality and may lead to higher resource usage.
Proposal 4: Do not support ACK skipping, NACK skipping and HARQ-ACK disabling by RRC.

2.3.2 HARQ-ACK Bundling
For Alt-3 using HARQ-ACK bundling, the following proposed methods are considered [2]:
· Method 1: HARQ-ACK bundling of N bits using logical “AND” or “OR” [5] to a single bit
· Method 2: HARQ-ACK bundling of N bits using logical “AND” or “OR” to M bits
· Method 3: Compress HARQ-ACK combinations with low probability into a single message [4]
· Method 4: Feedback the number of ACKs [6]

The bundling method should not be restrictive and applicable to only one scenario.  It should be applicable for cases where none of the SPS is skipped and where some of the SPSs are skipped, without the need for re-configurations.  This would maximise gNB scheduler flexibility to decide dynamically which (if any) SPS can be skipped.
Observation 6: A HARQ-ACK bundling method should provide scheduler flexibility such that the gNB can decide dynamically which and how many SPSs in a group of SPS to skip.

In Method 1, bundling using an “AND” logical operator is beneficial if the N SPS PDSCH are expected to contain PDSCH (i.e. non-skipped) and are likely to be decoded correctly.  On the hand, an “OR” logical operator is proposed to use for jittering [5], where only 1 out of N SPS PDSCH contains a PDSCH and the remaining N-1 SPS PDSCH are skipped (empty).  An “OR” logical operator would not correctly indicate whether more than one PDSCH is decoded correctly, on the other hand an “AND” operator would not work for cases where we expect some of the SPS PDSCH to be skipped.  Therefore Method 1 cannot provide the flexibility as described in Observation 6.  It also is unclear in Method 1, how the UE decides whether to use “AND” or “OR” logical operator on the N HARQ-ACK bits.  
Observation 7: The method where N HARQ-ACK bits are bundled using an “AND” or “OR” operator into a single bit, cannot provide the flexibility for the gNB to dynamically decide which and how many SPS in a group of SPS to skip.  It also isn’t clear how the UE decides whether to use “AND” or “OR”:
· An “AND” logical operator used for HARQ-ACK bundling does not work if some of the SPS PDSCHs are skipped since it will always indicate NACK.
· In using an “OR” logical operator for HARQ-ACK bundling, the gNB cannot determine whether more than one PDSCH is decoded correctly and therefore has an impact on the retransmission operation.

It isn’t clear in Method 2 how N HARQ-ACK bits are bundled into M bits using “AND” or “OR” logical operators.  One way to provide the flexibility described in Observation 6, is to define a bundling function for each of the M bits.  That is each M bits would indicate an ACK if the bundling function outputs an ACK or “1” otherwise it indicates a NACK.  A bundling function can output an ACK if the UE successfully decodes a minimum of KMIN PDSCH in a group of N SPS.  For example, a gNB can configure the UE with N=4 SPS and M=2 bundling functions as follows:
· 1st bundling function: KMIN=1, i.e. UE decodes at least 1 PDSCH successfully
· 2nd bundling function: KMIN =4, i.e. UE decodes at least 4 PDSCH successfully 
Here, the 1st and 2nd bits of the bundled M bits would report the ACK/NACK for the 1st and 2nd bundling functions respectively.  It is up to UE vendors how to implement the logical operators in a bundling function.  For this example, the 1st bundling function can be implemented using an “OR” logical operator and the 2nd bundling function can be implemented using an “AND” logical operator, as shown in Figure 5.  Alternatively, the UE may implement the 1st bundling function with a counter such that if the number of ACKs count ≥ 1, then it outputs an ACK otherwise it outputs a NACK.  In this example, the configuration can be used for two different applications, one for jittering with periodicity PAPP1 and a jittering window TJitter, and another transmits 3 PDSCH within TAPP2 with periodicity PAPP2.  By configuring functions for each of the M bundled bits, the gNB has the flexibility to use a group of SPS for multiple services and the UE has the flexibility to implement the bundling functions.

[image: ]
[bookmark: _Ref67564905]Figure 5: N=4 SPS HARQ-ACK bundled using 2 bundling functions into M=2 bits

Observation 8: Instead of restricting the gNB flexibility by defining a specific logical operator for bundling of N SPS HARQ-ACK into M bits, the gNB should have the flexibility to configure one or more bundling functions for a group of N SPS where their HARQ-ACK are bundled into M bits.


Proposal 5: N SPS HARQ-ACK are bundled into M bits, where each of the M bits reports the outcome of a configured bundling function.  The bundling function outputs are:
· ACK if at least KMIN PDSCH in the SPS are decoded correctly, otherwise output a NACK.
· KMIN is configurable

In Method 3, HARQ-ACK combinations that have very low probability of occurring, i.e. where the number of NACKs is greater than a threshold TNACK, in a group of SPS PDSCH are represented with a single codeword/message in the HARQ-ACK codebook.  This therefore reduces the number of possible messages to represent the possible combinations of HARQ-ACKs, for example if TNACK=1 (i.e. very low probability that there will be more than 1 NACK) the number of messages is reduced from 2N to N+2 messages, thereby reducing the number of bits from N to log2(N +2) bits [4].  Similar to using an “AND” logical operator for HARQ-ACK bundling, this method is beneficial only if the SPS PDSCHs are never skipped.  If some of these SPSs are skipped then this method would need to consider a higher threshold TNACK, which will increase the bundled bits.  Furthermore, the number of skipped SPS needs to be pre-determined in order to determine this NACK threshold TNACK, which would reduce the scheduler flexibility.
Observation 9: HARQ-ACK bundling by compressing HARQ-ACK combinations where the number of NACKs > TNACK, into a single message is not beneficial when some of the SPS PDSCHs are skipped by the gNB.

In Method 4, the UE reports the number of ACKs (total number of successfully decoded SPS) in a group of SPSs.  This can be used for the case where none of the SPS is skipped and where some of the SPSs are skipped, thereby providing flexibility for the scheduler to decide when to skip an SPS.  PUCCH Format 0 can be used for this purpose since PUCCH Format 0 has 8 defined cyclic shifts which can indicate 0 to 7 number of ACKs, which is sufficient.  If all 8 SPSs are configured for that group, then the cyclic shift representing 0 ACKs can also be used to represent 8 ACKs since it is unlikely that the UE will get all 8 NACKs when the gNB sends 8 PDSCHs.  
Proposal 6: Consider using HARQ bundling where the UE feeds back the number of ACKs observed in a defined group of SPS’s.  
· PUCCH Format 0 with 8 cyclic shifts can be used to indicate up to 7 ACKs.
· For N=8 SPS are configured, then cyclic shift representing 0 ACK can also be used to represent 8 ACKs
 
2.4 Sub-slot PUCCH repetitions
Sub-slot PUCCH repetitions is proposed by some companies [2] to improve reliability of PUCCH carrying HARQ-ACK.  In Rel-16, sub-slot PUCCH is not allowed to cross a sub-slot boundary since it would collide with another sub-slot PUCCH thereby complicating intra-UE collision management.  The same argument applies for sub-slot PUCCH repetitions.
Observation 10: Sub-slot PUCCH repetitions would lead to intra-UE PUCCH collision where PUCCH repetitions in a sub-slot collide with another PUCCH in another sub-slot.

Consider the scenario in Figure 6, where DCI#1 schedules sub-slot based PUCCH P#1 with 4× repetitions, starting at time t7 (sub-slot m+5), to carry HARQ-ACK for PDSCH#1.  P#1 repetitions ends at time t13 in sub-slot m+8.  At time t7 (sub-slot m+5), DCI#2 schedules sub-slot based PUCCH P#2 at time t12 (sub-slot m+8) to carry HARQ-ACK for PDSCH#2.  Here P#2 collides with the 4th (i.e. last) repetition of P#1.  In Rel-16, we introduced L1 priority to manage PUCCH collisions however, in this case we have the following to consider:
· If P#1 and P#2 are High L1 priority, the UCIs are to be multiplexed but here this is not feasible since the 1st P#1 repetition has already started.
· If P#1 is High L1 priority but P#2 is Low L1 priority, then using the Rel-16 rule, P#2 is dropped.  However, in this case, P#1 already had 3 repetitions which with high likelihood would have already been received at the gNB whilst P#2 has never had a chance to transmit by this stage.  Dropping P#2 is not efficient as it may result in PDSCH#2 being retransmitted regardless of whether it is decoded or not.
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[bookmark: _Ref54252784]Figure 6: Collision with PUCCH repetitions

Observation 11: The 2 levels of L1 priority introduced in Rel-16 for UL intra-UE prioritization is not sufficient to handle inter sub-slot PUCCH repetitive collisions.

For PUCCH with repetitions, the 1st repetition is important for latency purposes and also has a high probability of being received at the gNB.  Subsequent repetitions are to improve reliability and hence would have lower importance compared to the 1st repetition.  Hence, one way to handle the scenario described in Figure 6 is to assign a lower priority for subsequent repetitions.  For example, each subsequent repetition has lower priority compared to the previous repetition of the same PUCCH.
Observation 12: The 1st PUCCH repetition has the highest importance compared to subsequent repetitions of the same PUCCH.
Proposal 7: If sub-slot PUCCH repetition is introduced, consider reducing the priority of a repetition according to the number of repetitions that have already been transmitted.

2.5 Retransmission of cancelled HARQ-ACKs
In RAN1#104e, Type 3 Codebook was identified as a potential method for retransmission of cancelled HARQ-ACKs, where some proposals suggested to enhance Type 3 Codebook for URLLC.  We do not see the need for further enhancement on reducing the overhead of Type 3 Codebook.  However, one such enhancement that can be considered is to introduce One Shot trigger for Type 3 Codebook in DCI 1_2.  
[bookmark: _GoBack]Proposal 8: Consider introducing one shot trigger for Type 3 Codebook in DCI Format 1_2.

3. Conclusion
In this contribution, we discuss some aspects of HARQ-ACK enhancements for URLLC.  We observe the following: 
Observation 1: The first available PUCCH may be overloaded due to accumulation of dropped SPS HARQ-ACKs.
Observation 2: ACK skipping may have an impact on DTX-to-NACK detection reliability.
Observation 3: NACK is typically rare in URLLC and a PUCCH carrying multiple HARQ-ACK feedback bits with all NACKs is even rarer thereby skipping of PUCCH if it contains all NACKs rarely saves any overhead.
Observation 4: For ACK skipping or NACK skipping methods, PUCCH resource is reserved anyway for a potential NACK (in ACK skipping case) or ACK (in NACK skipping case).
Observation 5: Turning off HARQ-ACK would impact the overall HARQ-ACK functionality and may lead to higher resource usage.
Observation 6: A HARQ-ACK bundling method should provide scheduler flexibility such that the gNB can decide dynamically which and how many SPSs in a group of SPS to skip.
Observation 7: The method where N HARQ-ACK bits are bundled using an “AND” or “OR” operator into a single bit, cannot provide the flexibility for the gNB to dynamically decide which and how many SPS in a group of SPS to skip.  It also isn’t clear how the UE decides whether to use “AND” or “OR”:
· An “AND” logical operator used for HARQ-ACK bundling does not work if some of the SPS PDSCHs are skipped since it will always indicate NACK.
· In using an “OR” logical operator for HARQ-ACK bundling, the gNB cannot determine whether more than one PDSCH is decoded correctly and therefore has an impact on the retransmission operation.

Observation 8: Instead of restricting the gNB flexibility by defining a specific logical operator for bundling of N SPS HARQ-ACK into M bits, the gNB should have the flexibility to configure one or more bundling functions for a group of N SPS where their HARQ-ACK are bundled into M bits.
Observation 9: HARQ-ACK bundling by compressing HARQ-ACK combinations where the number of NACKs > TNACK, into a single message is not beneficial when some of the SPS PDSCHs are skipped by the gNB.
Observation 10: Sub-slot PUCCH repetitions would lead to intra-UE PUCCH collision where PUCCH repetitions in a sub-slot collide with another PUCCH in another sub-slot.
Observation 11: The 2 levels of L1 priority introduced in Rel-16 for UL intra-UE prioritization is not sufficient to handle inter sub-slot PUCCH repetitive collisions.
Observation 12: The 1st PUCCH repetition has the highest importance compared to subsequent repetitions of the same PUCCH.

We therefore propose the following:
Proposal 1: In deferring a dropped SPS HARQ-ACK, the UE starts looking for a 1st available PUCCH after k1def-min symbols from the end of the dropped PUCCH scheduled with the SPS HARQ-ACK.
Proposal 2: Up to NHARQ SPS HARQ-ACKs that are dropped due to collision with DL symbols or invalid symbols in TDD can be retransmitted by multiplexing into the first available PUCCH resource.  NHARQ is RRC configured and the range of NHARQ is FFS.
Proposal 3: If SPS HARQ skipping is supported, consider using MAC CE in a transmitted SPS PDSCH to indicate dynamically a bitmap indicating whether each SPS in a configured group of SPS is skipped or not skipped.  The MAC CE indication is repeated in each non-skipped SPS in the SPS group to improve reliability.
Proposal 4: Do not support ACK skipping, NACK skipping and HARQ-ACK disabling by RRC.
Proposal 5: N SPS HARQ-ACK are bundled into M bits, where each of the M bits reports the outcome of a configured bundling function.  The bundling function outputs are:
· ACK if at least KMIN PDSCH in the SPS are decoded correctly, otherwise output a NACK.
· KMIN is configurable

Proposal 6: Consider using HARQ bundling where the UE feeds back the number of ACKs observed in a defined group of SPS’s.  
· PUCCH Format 0 with 8 cyclic shifts can be used to indicate up to 7 ACKs.
· For N=8 SPS are configured, then cyclic shift representing 0 ACK can also be used to represent 8 ACKs
 
Proposal 7: If sub-slot PUCCH repetition is introduced, consider reducing the priority of a repetition according to the number of repetitions that have already been transmitted.
Proposal 8: Consider introducing one shot trigger for Type 3 Codebook in DCI Format 1_2.
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