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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#104bis-e, we made the following agreements and working assumptions:

Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the target 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 SPS HARQ-ACK deferral, support a limit on the maximum deferral of SPS HARQ in terms of k1def  or k1+ k1def
· FFS: limitation given by a maximum value of k1def or a maximum of k1eff =k1+ k1def
· FFS how the limitation is determined (e.g. by K1 set(s) or RRC configured limit)

Agreements: For SPS HARQ-ACK deferral, there is no lower limit defined for k1def

Agreement: Restrict the further discussions on the initial slot handling for SPS HARQ-ACK deferral to the identified alternatives Alt. 1, Alt. 1A and 2. 

Agreement: For SPS HARQ-ACK deferral, the limit on the maximum deferral of SPS HARQ is defined in terms of k1eff =k1+ k1def.

Working assumption: To handle the collision for the same HARQ process due to deferred SPS HARQ-ACK the following behaviour is to be specified: 
· In case the UE receives PDSCH of a certain HARQ Process ID, the deferred SPS HARQ bit(s) for this HARQ Process ID are dropped.

Agreement: For SPS HARQ-ACK deferral, the initial HARQ-ACK transmission occasion is considered to determine the out-of-order HARQ condition 


In RAN1#105e, we made the following agreements and working assumptions:

Agreement: Support PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH and semi-static configuration 
· Details are FFS (including applicability of dynamic and/or semi-static means)
· Aim for minimum specification impact 
· Dynamic indication and/or semi-static configuration are subject to separate UE capabilities
· The semi-static PUCCH carrier switching configuration operation is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells and supports PUCCH carrier switching across cells with different numerologies.
· FFS whether additional rules are needed to support PUCCH carrier switching across cells with different numerologies
· FFS the maximum number of PUCCH cells
· FFS whether and how to support joint operation of dynamic and semi-static carrier switching for a UE
· FFS whether and how to support joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral

Working Assumption: For at least HARQ-ACK re-transmission:
· Support at least one enhanced Type 3 HARQ-ACK CB with smaller size (compared to Rel-16) in Rel-17
· Definition of enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook at least determined by RRC configuration 
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)
· Support one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB (i.e. Alt. 3) in Rel-17
· Details are FFS
· Enhanced Type 3 HARQ-ACK CB and/or one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB are subject to separate UE capabilities

Agreement: For PUCCH carrier switching, the PUCCH resource configuration is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell). 

Agreement: For PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH (i.e. Alt. 1), the PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology of the dynamically indicated target PUCCH cell.


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

2.1 SPS HARQ-ACK Deferral
2.1.1 SPS HARQ-ACK Deferment Conditions
On the conditions to defer an SPS HARQ-ACK, it was agreed to consider the following alternatives [1]:
· Alt-1: Deferral only if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid
· Alt-1A: Deferral only if the PUCCH resource configured by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN for the HARQ-ACK transmission assuming SPS HARQ-ACK only is not valid in the initial slot/sub-slot
· Alt-2: Deferral only if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using SPS-PUCCH-AN-List-r16, n1PUCCH-AN or other configured PUCCH resource(s) is not valid

In Alt-1, the UE performs UCI multiplexing of the SPS HARQ-ACKs with a colliding dynamically scheduled PUCCH first before deferring the SPS HARQ-ACKs whilst in Alt-1A, the UE defers the SPS HARQ-ACKs without considering multiplexing them with a colliding dynamically scheduled PUCCH.  Alt-1 will lead to less SPS HARQ-ACK deferments which is beneficial, but it was argued that the UE may not be aware of the dynamically scheduled PUCCH if it missed detection of the associated DL Grant.  In contrast, Alt-1A would not have issues with missed detection of DL Grants.  However, missing a dynamically scheduled PUCCH is not significant since the gNB would be aware of the absence of the dynamically scheduled PUCCH and therefore would know that the UE had deferred the SPS HARQ-ACKs.  Hence, we have a preference of Alt-1 over Alt-1A.

Observation 1: The gNB is aware if the UE missed a dynamically scheduled PUCCH that could have multiplexed SPS HARQ-ACKs due to their corresponding PUCCH being dropped and therefore the gNB knows that the UE has deferred these SPS HARQ-ACKs.


In Alt-2 the UE checks for other PUCCH resources within the slot to multiplex the SPS HARQ-ACKs, in addition to the colliding dynamically scheduled PUCCH even if these PUCCHs do not collide with the dropped SPS PUCCH, before deferring the SPS HARQ-ACKs.  If there are multiple other PUCCHs available, we need to define some rules for the UE to select one of these multiple other PUCCHs, which would complicate the specifications.  Although Alt-2 would reduce SPS HARQ-ACK deferment more than Alt-1, we would prefer to avoid the unnecessarily complex specifications associated with Alt-2 and therefore prefer Alt-1.

Observations 2: Considering multiple PUCCH resources in a slot regardless of whether they collide with the SPS PUCCH, for multiplexing of SPS HARQ-ACK would lead to high specification impacts to define rules to select one out of multiple PUCCH resources.

Proposal 1: Use the condition in Alt-1 for deferment of SPS HARQ-ACK, i.e. deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid


2.1.2 HARQ-ACK Codebook Construction
Rel-16 already supports Codebook (CB) construction for multiple SPS HARQ-ACKs without dynamic HARQ-ACK, for multiple different SPS configurations and also multiple SPS of the same configuration index across different slots [3].  The SPS with deferred HARQ-ACK can therefore be added to the existing HARQ-ACK CB for SPS by extending the range of slots, e.g. extending  in the pseudo-code in Section 9.1.2 of TS38.213 [3], to consider these SPS.  We therefore do not see any need to enhance the HARQ-ACK CB for SPS only HARQ-ACKs for deferred SPS HARQ-ACK.

Proposal 2: Reuse the Rel-16 SPS HARQ-ACK only CB to include deferred SPS HARQ-ACK.


In Rel-16, SPS HARQ-ACKs are appended to a dynamic HARQ-ACK CB.  Hence the mechanism in Rel-16 is sufficient to support multiplexing of deferred SPS HARQ-ACKs to a dynamic HARQ-ACK CB, that is, the deferred SPS HARQ-ACKs can be similarly appended to the dynamic HARQ-ACK CB.

Proposal 3: Reuse the Rel-16 mechanism to append deferred SPS HARQ-ACK to a dynamic HARQ-ACK CB.


2.1.3 Same HPN Collision
The HARQ Process Number (HPN) for a PDSCH in an SPS is calculated based on the slot number, number of slots per frame, the periodicity of the SPS occasion, number of configured HARQ processes and an optional HARQ offset.  All these parameters are semi-static apart from the slot number and hence it is possible that the PDSCH of a deferred SPS HARQ-ACK and another PDSCH for non-deferred SPS HARQ-ACK share the same HPN.  An example is shown in Figure 1, where SPS#1 is transmitted in Slot n , which has a calculated HPN=5.  The HARQ-ACK for SPS#1 is carried by PUCCH P#1, which collides with DL and Invalid symbols and is therefore dropped leading to SPS#1’s HARQ-ACK being deferred.  In Slot n+3, SPS#2 is transmitted where its corresponding HARQ-ACK is transmitted in PUCCH P#2.  Since P#2 is also the first available PUCCH for the deferred SPS#1’s HARQ-ACK, the HARQ-ACKs for SPS#1 and SPS#2 are therefore transmitted in P#2.  The PDSCH in SPS#2 also has a calculated HPN=5 and therefore causes a same-HPN collision with SPS#1.
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[bookmark: _Ref78986421]Figure 1: Same-HPN collision
In RAN1#104bis-e, a strange and unnecessary Working Assumption was made, i.e.:

Working assumption: To handle the collision for the same HARQ process due to deferred SPS HARQ-ACK the following behaviour is to be specified: 
· In case the UE receives PDSCH of a certain HARQ Process ID, the deferred SPS HARQ bit(s) for this HARQ Process ID are dropped.

The HARQ-ACK CB construction for multiple SPS’s takes into account the Serving Cell, the SPS Configuration Index and the relative slot the SPS resides in.  That is, the HARQ-ACK CB is arranged according to the location (time and serving cell) of the SPS but NOT a function of the SPS’s HPN and hence the HARQ-ACK CB is perfectly capable of transmitting HARQ-ACKs of multiple SPS’s with the same HPN.  Hence, we do not see any reason why there is a need to drop any HARQ-ACK due to same-HPN collision.

Observation 3: The Rel-16 HARQ-ACK CB for SPS is able to transmit HARQ-ACKs for multiple SPS’s that have the same HPN.

Proposal 4: Do NOT agree the following Working Assumption:
Working assumption: To handle the collision for the same HARQ process due to deferred SPS HARQ-ACK the following behaviour is to be specified: 
· In case the UE receives PDSCH of a certain HARQ Process ID, the deferred SPS HARQ bit(s) for this HARQ Process ID are dropped.


Although there is no issue in transmitting HARQ-ACKs for SPS’s with the same HPN, there may be an issue with the HARQ combining due to HARQ buffer space limitation for the PDSCH soft bits.  In Rel-16, the PDSCH HARQ buffer for an HPN is flushed when the gNB sends a new DL Grant scheduling a PDSCH with the same HPN and with the NDI bit toggled or a timer has expired after the UE had sent the corresponding HARQ-ACK.  In the same-HPN collision case, neither of these cases applies and at the point of HPN collision, both SPS have yet to transmit their corresponding HARQ-ACK.  Hence, there may be a need for the UE to clear the HARQ buffer for one or more PDSCHs of an HPN prior to transmitting its corresponding HARQ-ACK in order to store soft bits for additional PDSCHs with the same HPN.  Using the example in Figure 1, the UE may not have HARQ buffer space to store the soft bits for the PDSCHs in SPS#1 and SPS#2 and hence it may have to drop the soft bits for one of these PDSCHs.

Observation 4: When a same-HPN collision occurs for two or more SPSs due to SPS HARQ-ACK deferral, the UE may have to drop the soft bits for one or more PDSCHs of these SPS from its HARQ buffer.


For the same-HPN collision case involving two SPS, i.e. an earlier SPS with a deferred HARQ-ACK and a later SPS without a deferred HARQ-ACK as in the example in Figure 1, there were proposals to either drop the PDSCH of the earlier SPS (e.g. SPS#1 in Figure 1) [4] or the later SPS (e.g. SPS#2 in Figure 1) [5].  The rationale for dropping the later SPS is that dropping the earlier SPS may impact the HARQ combining gain for the case where a retransmission is required for the earlier SPS.  However, the same argument can be made for dropping the earlier SPS since the later SPS may need retransmission.  That is always dropping either the earlier or the later SPS would have an impact on the HARQ retransmission gains.

Observation 5: In a same-HPN collision involving an earlier SPS with deferred HARQ-ACK and a later SPS without a deferred HARQ-ACK, always dropping either the earlier or later SPS would have an impact on the HARQ retransmission gains.


One way to maintain the HARQ retransmission gains due to same-HPN collision is to drop the SPS that has a successfully decoded PDSCH, i.e. where the UE would send an ACK for that SPS, since a successfully decoded PDSCH does not require further retransmission.  An example is shown in Figure 2, which has the same scenario as the example in Figure 1.  Here we assume eight HARQ processes are configured for SPS and at time t1, the UE successfully decoded the PDSCH with HPN=5 in SPS#1 and stores its soft bits in the HARQ buffer corresponding to HPN=5.  The HARQ-ACK for SPS#1, i.e. ACK#1 is to be transmitted in PUCCH P#1 but it collides with DL and Invalid symbols and is therefore dropped leading to the deferment of ACK#1.  At time t8, the UE needs to decode for a potential PDSCH in SPS#2.  Here we assume the UE has sufficient HARQ buffer space to temporarily store an undecoded PDSCH but once the decoding process ends, it needs to store the soft bits of this PDSCH in the appropriate place in the HARQ buffer.  In this example, the UE fails to decode SPS#2 and it needs to clear the HARQ buffer space for HPN=5 to store the PDSCH soft bits for either SPS#1 or SPS#2.  Since SPS#1 was successfully decoded, there is no benefit in storing its PDSCH soft bits in the HARQ buffer and hence the UE stores the PDSCH soft bits for SPS#2 as it would benefit from HARQ retransmissions.  The UE then sends the HARQ-ACKs for SPS#1 (ACK#1) and SPS#2 (NACK#2) using PUCCH P#2.
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Proposal 5: In a same-HPN collision involving two or more SPS due to SPS HARQ-ACK deferment, if the UE needs to drop PDSCH soft bits from one or more of these SPS’s, the UE will drop the SPS’s that has been successfully decoded.
  

2.2 HARQ-ACK Retransmission
In RAN1#105e, we agreed to retransmit HARQ-ACK that are dropped, e.g. due to intra-UE or inter-UE prioritization and we made a working assumption to specify a dynamic HARQ-ACK CB and to enhance the Type 3 CB for HARQ-ACK retransmissions.

2.2.1 Dynamic HARQ-ACK Codebook
The Dynamic HARQ-ACK CB for HARQ-ACK retransmission (Dyn-ReTx CB) can be triggered using the “One-shot HARQ-ACK request” field in DCI 1_1, which can be added to DCI 1_2.  Once triggered the UE would retransmit HARQ-ACKs that are dropped.  

Proposal 6: The dynamic HARQ-ACK CB (Dyn-ReTx CB) for HARQ-ACK retransmission is triggered using the “One-shot HARQ-ACK request” in DCI 1_1.  FFS whether to introduce “One-shot HARQ-ACK request” for DCI 1_2.


It has been argued the Dyn-ReTx CB may cause misalignment between gNB and UE if the UE miss detects one or more DL Grants and hence it would retransmit a different number of HARQ-ACK than what the gNB expects [2].  We do not see this as an issue especially for Type 1 HARQ-ACK CB since the CB size is semi-statically configured.  Hence, if the UE is being triggered to retransmit HARQ-ACKs due to a dropped PUCCH carrying Type 1 HARQ-ACK CB, the UE would just retransmit the contents of that Type 1 HARQ-ACK CB and any missed DL Grants would be represented as NACK.

Observation 6: Misdetection of DL Grant does not cause misalignment between gNB and UE on the number of retransmitted HARQ-ACK for a dynamic HARQ-ACK CB (Dyn-ReTx CB) that retransmits the HARQ-ACKs from a dropped Type 1 HARQ-ACK CB.


Misdetection of DL Grant may lead to misalignment between gNB and UE on number of retransmitted HARQ-ACK of a dropped Type 2 HARQ-ACK CB using Dyn-ReTx CB.  It should be noted that, Downlink Assignment Index (DAI) counters are introduced in Type 2 HARQ-ACK CB specifically to mitigate misdetection of DL Grant.  However, DAI can still suffer from misdetection of DL Grants if:
· The UE misses four or more consecutive DL Grants, i.e. the 2 bit C-DAI counter wraps around after 4 DL Grants
· The UE misses the last DL Grant associated with the Type 2 HARQ-ACK CB, thereby missing the last increment in C-DAI counter.

It is very unlikely for the UE to miss four or more consecutive DL Grants and so the likely cause of misalignment between gNB and UE on the number of retransmitted HARQ-ACK is caused by the UE missing the last DL Grant associated with the Type 2 HARQ-ACK CB.

Observation 7: Misalignment between gNB and UE on the number of retransmitted HARQ-ACK of a dropped Type 2 HARQ-ACK CB using Dyn-ReTx CB may be caused by the UE miss detecting the last DL Grant, thereby missing the last DAI increment, associated with that Type 2 HARQ-ACK CB.


One way to avoid misalignment of the number of retransmitted HARQ-ACK due to misdetection of the last DL Grant associated with a dropped Type 2 HARQ-ACK CB is to retransmit the DAI value from that last DL Grant.  That is the DCI that triggers the Dyn-ReTx CB would also indicate the DAI value from the last DL Grant.  The UE can then determine whether it has missed the last DL Grant or not by comparing the UE’s record of the last DAI and the DAI value indicated in the DCI triggering the Dyn-ReTx CB.  An example is shown in Figure 3, where DCI#1, DCI#2 and DCI#3 schedule PDSCH#1, PDSCH#2 and PDSCH#3 respectively and their corresponding HARQ-ACKs are scheduled in a Low L1 Priority PUCCH#1.  The UE successfully receives DCI#1 and DCI#2 which indicate C-DAI = “00” and “01” respectively and so the UE updates its internal PDSCH count NPDSCH to 1 and 2 accordingly.  The UE miss detects DCI#3 and so did not update NPDSCH and assumed there are just 2 HARQ-ACKs to be transmitted in PUCCH#1.  DCI#4 schedules PDSCH#4 where its HARQ-ACK is transmitted in the High L1 Priority PUCCH#2 which collides with PUCCH#1.  PUCCH#1 is therefore dropped.  DCI#5 contains a One-Shot trigger for Dyn-ReTx CB to retransmit the HARQ-ACKs in the dropped PUCCH#1 and here it also indicates the last C-DAI = “10”.  In this way the UE knows that it has miss detected DCI#3, the last DL Grant prior to PUCCH#1 and would therefore retransmit 3 HARQ-ACKs in PUCCH#3.
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Proposal 7: The DCI that triggers for the dynamic HARQ-ACK CB (Dyn-ReTx CB) to retransmit HARQ-ACK from a dropped Type 2 HARQ-ACK CB, will also indicate the DAI value of the last DL Grant associated with that dropped Type 2 HARQ-ACK CB.


2.2.2 Enhanced Type 3 HARQ-ACK Codebook
Although the Rel-16 Type 3 HARQ-ACK CB can be used for HARQ-ACK retransmission without any enhancement, it was argued that it has high overhead and so it was proposed that we enhance it to reduce its size [2].  It was noted that enhancing Type 3 HARQ-ACK CB can never provide any sensible overhead reduction and whatever reduction it can achieve can never be as good as that provided by a dynamic HARQ-ACK CB (Dyn-ReTx CB) that retransmits only dropped HARQ-ACKs [6], [7].  This is because Type 3 HARQ-ACK CB size is semi-statically configured but the HARQ-ACK that may be dropped happens dynamically and enhanced Type 3 HARQ-ACK CB (e-Type 3 CB) basically tries to “predict” semi-statically, which HARQ-ACK would be dropped, which obviously would not produce effective overhead reduction.  For example, in [8] it is proposed to “predict” which HPN would be dropped and configure the e-Type 3 CB to retransmit only a subset of HPN and in [9], it is proposed to “predict” which CCs would contain dropped HARQ-ACK and configure an e-Type 3 CB to retransmit only a subset of CCs. 

Observation 8: e-Type 3 HARQ-ACK CB would never provide effective overhead reduction because the CB size is semi-statically configured whilst which HARQ-ACKs get dropped happens dynamically.

Observation 9: The enhancements in e-Type 3 HARQ-ACK CB basically attempt to semi-statically “predict” which HARQ-ACK would be dropped and hence it can never achieve CB size as optimal as that of a dynamic HARQ-ACK CB, i.e. Dyn-ReTx CB, that retransmits only dropped HARQ-ACKs.


It was further proposed to configure the UE with multiple e-Type 3 CBs which have different sizes and subsets of HARQ-ACKs, i.e. to predict different possible subsets of HARQ-ACK that may be dropped, and provide a dynamic indicator in the triggering DCI which of these multiple e-Type 3 CB that the UE should use to retransmit the dropped HARQ-ACK [8], [9], [10], [11].  Indicating these multiple e-Type 3 CB would lead to higher DCI overhead and in [8], it is proposed to distinguish between two e-Type 3 CB using the RNTI of the triggering DCI.  However, since the aim of e-Type 3 CB is to reduce overhead, then configuring more e-Type 3 CBs targeting/predicting different subsets of HARQ-ACK would provide a higher probability that one of these subsets matches the actual dropped HARQ-ACK and so using minimal DCI bits or the RNTI as in [8] would limit the number of e-Type 3 CB that can be configured.  In [9] and [11], it is proposed to disable the triggering DCI from scheduling any PDSCH and so the DCI fields used for PDSCH scheduling, e.g. MCS, TDRA, can be reused to indicate multiple e-Type 3 CBs, however this approach would reduce PDSCH scheduling opportunity, i.e. this would reduce the functionality of the DL Grant.  Besides, no matter how many e-Type 3 CBs are configured, it can still never match the size efficiency of Dyn-ReTx CB.

Observation 10: Dynamically indicate in the triggering DCI one of multiple configured e-Type 3 CBs of different HARQ-ACK subsets to better target which HARQ-ACKs that may be dropped dynamically have the following issues:
· Many e-Type 3 CBs are needed to adapt to the dynamically changing number of dropped HARQ-ACKs but this would lead to high DCI overhead or reduced functionality of the DL Grant triggering the e-Type 3 CB
· Using less bits in the DCI or RNTI as the indicator would limit the number of e-Type 3 CB that can be configured, hence making it less effective in overhead reduction

Observation 11: Configuring multiple e-Type 3 CBs and using a dynamic indicator in the triggering DCI to indicate which e-Type 3 CB to use is still not as effective in overhead reduction compared to using a dynamic HARQ-ACK CB, Dyn-ReTx CB, that retransmits only dropped HARQ-ACKs.


It was further argued that the e-Type 3 CB is more robust and less affected by misdetections of DL Grant compared to Dyn-ReTx CB [12].  The misdetection of DL Grant issue is rare and can be easily overcome as described in the previous section.  However, since we have a working assumption to introduce e-Type 3 CB, we can benefit from the marginal robustness of e-Type 3 CB and the highly efficient size of Dyn-ReTx CB.  A simple way is for the UE to select Dyn-ReTx CB if the number of dropped HARQ-ACK is below or equals to a threshold THARQ and to select e-Type 3 CB if it is above THARQ.  This recognizes that if the number of dropped HARQ-ACK is small it is significantly more efficient to use Dyn-ReTx CB to retransmit these dropped HARQ-ACKs.  On the other hand, if the number of dropped HARQ-ACK is large, then there may be more chances of the UE missing a DL Grant (e.g. the last DL Grant) and hence it is more robust to use an e-Type 3 CB.  The value of THARQ can be RRC configured.

Observation 12: If the number of dropped HARQ-ACK is small, it is significantly more efficient to retransmit them using Dyn-ReTx CB than to use an e-Type 3 CB.

Observation 13: If the number of dropped HARQ-ACK is large, it is more robust to retransmit them using an e-Type 3 CB compared to Dyn-ReTx CB.

Proposal 8: The UE is configured with the Dyn-ReTx CB and an e-Type 3 CB and when triggered by a DCI to retransmit HARQ-ACKs, the UE selects one of these CBs depending on the number of dropped HARQ-ACK:
· If the number of dropped HARQ-ACK ≤ THARQ, the UE selects Dyn-ReTx CB
· If the number of dropped HARQ-ACK > THARQ, the UE selects e-Type 3 CB



2.3 Sub-slot PUCCH Repetition
Sub-slot PUCCH repetitions are proposed by some companies [1] 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 14: 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 4, 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 end 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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Observation 15: 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 4 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 16: The 1st PUCCH repetition has the highest importance compared to subsequent repetitions of the same PUCCH.

Proposal 9: 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.


3. Conclusion
In this contribution, we discuss some considerations on HARQ-ACK enhancements for URLLC.  We observe the following: 
Observation 1: The gNB is aware if the UE missed a dynamically scheduled PUCCH that could have multiplexed SPS HARQ-ACKs due to their corresponding PUCCH being dropped and therefore the gNB knows that the UE has deferred these SPS HARQ-ACKs.

Observations 2: Considering multiple PUCCH resources in a slot regardless of whether they collide with the SPS PUCCH, for multiplexing of SPS HARQ-ACK would lead to high specification impacts to define rules to select one out of multiple PUCCH resources.

Observation 3: The Rel-16 HARQ-ACK CB for SPS is able to transmit HARQ-ACKs for multiple SPS’s that have the same HPN.

Observation 4: When a same-HPN collision occurs for two or more SPSs due to SPS HARQ-ACK deferral, the UE may have to drop the soft bits for one or more PDSCHs of these SPS from its HARQ buffer.

Observation 5: In a same-HPN collision involving an earlier SPS with deferred HARQ-ACK and a later SPS without a deferred HARQ-ACK, always dropping either the earlier or later SPS would have an impact on the HARQ retransmission gains.

Observation 6: Misdetection of DL Grant does not cause misalignment between gNB and UE on the number of retransmitted HARQ-ACK for a dynamic HARQ-ACK CB (Dyn-ReTx CB) that retransmits the HARQ-ACKs from a dropped Type 1 HARQ-ACK CB.

Observation 7: Misalignment between gNB and UE on the number of retransmitted HARQ-ACK of a dropped Type 2 HARQ-ACK CB using Dyn-ReTx CB may be caused by the UE miss detecting the last DL Grant, thereby missing the last DAI increment, associated with that Type 2 HARQ-ACK CB.

Observation 8: e-Type 3 HARQ-ACK CB would never provide effective overhead reduction because the CB size is semi-statically configured whilst which HARQ-ACKs get dropped happens dynamically.

Observation 9: The enhancements in e-Type 3 HARQ-ACK CB basically attempt to semi-statically “predict” which HARQ-ACK would be dropped and hence it can never achieve CB size as optimal as that of a dynamic HARQ-ACK CB, i.e. Dyn-ReTx CB, that retransmits only dropped HARQ-ACKs.

Observation 10: Dynamically indicate in the triggering DCI one of multiple configured e-Type 3 CBs of different HARQ-ACK subsets to better target which HARQ-ACKs that may be dropped dynamically have the following issues:
· Many e-Type 3 CBs are needed to adapt to the dynamically changing number of dropped HARQ-ACKs but this would lead to high DCI overhead or reduced functionality of the DL Grant triggering the e-Type 3 CB
· Using less bits in the DCI or RNTI as the indicator would limit the number of e-Type 3 CB that can be configured, hence making it less effective in overhead reduction


Observation 11: Configuring multiple e-Type 3 CBs and using a dynamic indicator in the triggering DCI to indicate which e-Type 3 CB to use is still not as effective in overhead reduction compared to using a dynamic HARQ-ACK CB, Dyn-ReTx CB, that retransmits only dropped HARQ-ACKs.

Observation 12: If the number of dropped HARQ-ACK is small, it is significantly more efficient to retransmit them using Dyn-ReTx CB than to use an e-Type 3 CB.

Observation 13: If the number of dropped HARQ-ACK is large, it is more robust to retransmit them using an e-Type 3 CB compared to Dyn-ReTx CB.

Observation 14: 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 15: 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 16: The 1st PUCCH repetition has the highest importance compared to subsequent repetitions of the same PUCCH.


We therefore propose the following:
Proposal 1: Use the condition in Alt-1 for deferment of SPS HARQ-ACK, i.e. deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid

Proposal 2: Reuse the Rel-16 SPS HARQ-ACK only CB to include deferred SPS HARQ-ACK.

Proposal 3: Reuse the Rel-16 mechanism to append deferred SPS HARQ-ACK to a dynamic HARQ-ACK CB.

Proposal 4: Do NOT agree the following Working Assumption:
Working assumption: To handle the collision for the same HARQ process due to deferred SPS HARQ-ACK the following behaviour is to be specified: 
· In case the UE receives PDSCH of a certain HARQ Process ID, the deferred SPS HARQ bit(s) for this HARQ Process ID are dropped.


Proposal 5: In a same-HPN collision involving two or more SPS due to SPS HARQ-ACK deferment, if the UE needs to drop PDSCH soft bits from one or more of these SPS’s, the UE will drop the SPS’s that has been successfully decoded.
  
Proposal 6: The dynamic HARQ-ACK CB (Dyn-ReTx CB) for HARQ-ACK retransmission is triggered using the “One-shot HARQ-ACK request” in DCI 1_1.  FFS whether to introduce “One-shot HARQ-ACK request” for DCI 1_2.

Proposal 7: The DCI that triggers for the dynamic HARQ-ACK CB (Dyn-ReTx CB) to retransmit HARQ-ACK from a dropped Type 2 HARQ-ACK CB, will also indicate the DAI value of the last DL Grant associated with that dropped Type 2 HARQ-ACK CB.

Proposal 8: The UE is configured with the Dyn-ReTx CB and an e-Type 3 CB and when triggered by a DCI to retransmit HARQ-ACKs, the UE selects one of these CBs depending on the number of dropped HARQ-ACK:
· If the number of dropped HARQ-ACK ≤ THARQ, the UE selects Dyn-ReTx CB
· If the number of dropped HARQ-ACK > THARQ, the UE selects e-Type 3 CB


Proposal 9: 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.
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