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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In this document we will discuss remaining issues in the following sub-topics:

· HARQ-ACK Retransmissions
· SPS HARQ-ACK Deferral
· Sub-slot PUCCH Repetitions

2. [bookmark: _Hlk68192600]Discussions

2.1 HARQ-ACK Retransmissions
2.1.1 e-Type 3 CB
In RAN1#106bis-e, we agreed that up to X=8 e-Type 3 HARQ-ACB Codebooks (e-Type 3 CB) can be configured for a UE where the legacy 1-bit ‘one-shot HARQ-ACK request’ field in the DL Grant is used to trigger for an e-Type 3 CB.  It is further agreed that if only X=1 e-Type 3 CB is configured, then the triggering DCI can also schedule a PDSCH.
In RAN1#106bis-e, we discussed whether the triggering DCI can schedule a PDSCH for cases where X>1 e-Type 3 CBs are configured in a UE [1].  Some companies believed that the ability for a triggering DCI to schedule a PDSCH is an optimization, which is clearly wrong because optimization typically involves adding further features on top of what is already there.  In Rel-16, the triggering DCI for Type 3 CB can decide whether to schedule a PDSCH or not by setting the FDRA field to either all “0’s” or all “1’s”.   Hence the ability to indicate whether a PDSCH is scheduled or not in a triggering DCI already exists in Rel-16 and therefore this ability should be maintained in Rel-17.  Removing this ability would be a degradation of Rel-17 compared to Rel-16 and we do not see any justified reason for this degradation.
Observation 1: The ability for the triggering DCI for Type 3 CB to decide whether to schedule a PDSCH or not already exists in Rel-16 and hence, maintaining this ability in Rel-17 is NOT an optimization.
Observation 2: Removing the ability for the triggering DCI for e-Type 3 CB to decide whether to schedule a PDSCH or not in Rel-17 would be a degradation of this feature compared to Rel-16 and hence there is no justified reason to remove it.

Firstly, regardless of whether X=1 or X>1 e-Type 3 CBs are configured, the triggering DCI should still be able to decide whether to schedule a PDSCH or not, since this is an existing feature in Rel-16.  Here we should reuse the FDRA field to implicitly indicate whether PDSCH is scheduled or not when an e-Type 3 CB is triggered
Proposal 1: Regardless of whether X=1 or X>1 e-Type 3 CBs are configured for the UE, the triggering DCI should be able to indicate whether a PDSCH is scheduled or not.

For the case where X>1 e-Type 3 CBs are configured, it has been suggested that some of the existing bits used for PDSCH scheduling are reinterpreted to indicate which one of the X>1 e-Type 3 CB is being triggered.  Hence, in order to maintain the ability for the triggering DCI to schedule a PDSCH, for the case where X>1, if the triggering DCI schedules a PDSCH, a default e-Type 3 CB that is RRC configured is used and so no additional DCI bits are required for any indication.  That is, if the 1-shot bit is enabled and the FDRA indicates a valid PDSCH is scheduled in a DL Grant, a default e-Type 3 CB is triggered.
Proposal 2: When the DL Grant triggers a 1-shot e-Type 3 CB, reuse Rel-16 Type 3 CB mechanism to indicate whether a PDSCH is scheduled or not, and if a PDSCH is scheduled, a default e-Type CB is used for HARQ-ACK retransmissions, i.e.:
· If FDRA is all “0s” or all “1s”, then a PDSCH is not scheduled, and the fields used for PDSCH scheduling are reinterpreted to indicate one of X e-Type 3 CBs
· If FDRA is not all “0s” or all “1s” (i.e., indicates a valid value), then a PDSCH is scheduled, and the UE uses a default e-Type 3 CB to retransmit the HARQ-ACKs.  The default e-Type 3 CB can be RRC configured

2.1.2 1-shot Retransmission HARQ-ACK CB
It was agreed that the DL Grant triggering the 1-shot Retransmission HARQ-ACK CB (1-shot ReTx CB) will indicate the target PUCCH, where the HARQ-ACKs in this target PUCCH are to be retransmitted.  This location of the target PUCCH is indicated in the form of an offset, i.e., “HARQ ReTx Offset”, KReTx.  We made the following agreement in RAN1#106bis-e regarding this “HARQ ReTx Offset” [1]:
Agreement
For one-shot HARQ re-transmission on PUCCH, the triggering DCI dynamically indicates a ‘HARQ re-tx offset’ which is used to define the offset in number of PUCCH slots/sub-slots between the triggering DCI and the PUCCH slot/sub-slot of the HARQ-ACK codebook to be re-transmitted. For the triggering DCI received in slot/sub-slot m, indicating the HARQ-ACK re-tx in slot/sub-slot m+k and indicating HARQ_retx_offset, the PUCCH slot/sub-slot n of the HARQ-ACK codebook to be re-transmitted is determined as either: 
· Alt. 1: n = m - HARQ_retx_offset
· Alt. 2: n = m + k - HARQ_retx_offset
· FFS: value range of the HARQ-retx_offset


For Alt. 1, the reference point for the HARQ ReTx Offset is the triggering DCI whilst in Alt. 2, the reference point is the PUCCH carrying the 1-shot ReTx CB.  Since the slot offset between the target PUCCH and the PUCCH carrying the 1-shot ReTx CB is larger than the slot offset between the target PUCCH and the triggering DCI, Alt. 2 would require a larger range of KReTx (HARQ ReTx Offsets) compared to Alt. 1, or for the same range of KReTx, Alt. 1 can indicate an earlier target PUCCH compared to Alt. 2.  Hence, we have a preference for Alt. 1.
Proposal 3: For the triggering DCI received in slot/sub-slot m, indicating the HARQ-ACK re-tx, in slot/sub-slot m+k and indicating HARQ_retx_offset (KReTx), the PUCCH slot/sub-slot n of the HARQ-ACK codebook to be re-transmitted is determined as (Alt. 1) n = m - HARQ_retx_offset.

A UE can be configured with two HARQ-ACK PUCCHs where one is slot based and another is sub-slot based, that is the K1 granularity for different HARQ-ACK PUCCHs can be different.  Therefore, the granularity used for the HARQ ReTx Offset KReTx, needs to be clarified.  For example, in Figure 1, DCI#1 and DCI#2 schedule PDSCH#1 and PDSCH#2 respectively with their HARQ-ACK {ACK#1, ACK#2} carried by PUCCH#1 in Slot n+3 or sub-slot m+6.  DCI#3 schedules PDSCH#3 with its HARQ-ACK {ACK#3} carried by PUCCH#2 in Slot n+3 or sub-slot m+7.  PUCCH#1 is slot based and PUCCH#2 is sub-slot based.  DCI#4 triggers a 1-shot ReTx CB and indicates a target PUCCH offset KReTx=1.  In this example PUCCH#1 and PUCCH#2 are cancelled.  If KReTx is in units of slot, then it isn’t clear whether the UE should retransmit PUCCH#1 or PUCCH#2.  To avoid such ambiguity, the target PUCCH offset KReTx uses the smallest K1 granularity among the HARQ-ACK PUCCHs.  That is in this example, since PUCCH#2 (7 OFDM symbol sub-slot) has a smaller granularity than PUCCH#1 (1 slot), KReTx is in units of 7 OFDM symbol sub-slot. Since in this example KReTx is 1 sub-slot, the HARQ-ACK from PUCCH#2 (i.e. ACK#3) is re-transmitted.
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[bookmark: _Ref83661831]Figure 1: Granularity of target PUCCH offset KReTx

Proposal 4: The granularity of the target PUCCH offset KReTx follows the smallest K1 granularity of the configured HARQ-ACK PUCCHs.

For Type 2 HARQ-ACK Codebook (Type 2 CB), the DAI fields (C-DAI and T-DAI) are used to mitigate against misalignment in the number of HARQ-ACK in the Type 2 CB due to misdetection of DL Grants.  However, DAI may fail due to the following two scenarios:
· Scenario 1: The UE miss detects 4 consecutive DL Grants leading to a wrap around of the 2 bit C-DAI
· Scenario 2: The UE miss detects the last DL Grant prior to the scheduled PUCCH

Scenario 1 is unlikely even for DL Grants with Low L1 priority (LP) PUCCH since missing 4 consecutive DL Grants where each PDCCH has a target BLER of 10-2 would be roughly 10-8 (assuming each PDCCH is statistically independent), which far exceeds even the 10-6 BLER reliability requirement for URLLC.  Hence, the most likely cause for DAI failure is due to Scenario 2, i.e., missing the last DL Grant prior to the scheduled PUCCH.
Observation 3: The likely failure of the DAI mechanism is when the UE misses the last DL Grant associated to a PUCCH carrying a Type 2 HARQ-ACK Codebook.

A target PUCCH carrying a Type 2 HARQ-ACK Codebook (Type 2 CB) would likely have the DAI fields (C-DAI and T-DAI) configured in its corresponding DL Grants.  Hence the triggering DCI, which is also a DL Grant would also have these DAI fields and since they are already configured, it makes sense to use their functionality.  One usage for the DAI is to repeat the DAI values of the last DL Grant associated with the target PUCCH.  An example is shown in Figure 2, 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 (LP) 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 (HP) PUCCH#2 which collides with PUCCH#1.  PUCCH#1 is therefore dropped.  DCI#5 triggers the 1-shot ReTx CB to retransmit the HARQ-ACKs in the dropped PUCCH#1, i.e., PUCCH#1 is the target PUCCH.  Here, the triggering DCI also repeats last C-DAI = “10”, which is the value in DCI#3 (i.e. the last DL Grant associated with the target PUCCH).  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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[bookmark: _Ref86680418]Figure 2: Triggering DCI indicates the DAI of the last DL Grant associated with target PUCCH

In RAN1#106bis-e, some companies assumed that reusing the DAI functionality in the triggering DCI is considered an optimization.  This is clearly wrong since an optimization typically involves adding a new mechanism to an existing function.  The DAI functionality is used since Rel-15 and hence reusing the DAI function, especially when it is already configured, in the DL Grant is NOT an optimization.  In fact, not using an already configured field in Rel-17 is a degradation from Rel-16.  Hence, there is no justified reason to remove the DAI function from the triggering DCI.

Observation 4: If the UE is configured with Type 2 HARQ-ACK Codebook, its DL Grant would be configured with DAI fields and since the 1-shot ReTx CB triggering DCI is also a DL Grant, these DAI fields are already present in the triggering DCI.  Hence, reusing the already configured DAI function in the triggering DCI is NOT an optimization. 
Observation 5: Deliberately removing the DAI function that is already configured in the triggering DCI (i.e., DL Grant) degrades the Rel-17 performance of the DL Grant compared to previous releases.
Proposal 5: If the DAI fields are configured in the DL Grant, the triggering DCI will repeat the DAI values of the last DL Grant associated with the target PUCCH carrying a Type 2 HARQ-ACK Codebook.

2.1.3 Joint Configuration of e-Type 3 CB and 1-shot ReTx CB
Configuring both e-Type 3 CB and 1-shot ReTx CB in a UE was considered in previous RAN1 meetings [1].  For a UE capable of both retransmission HARQ-ACK codebooks, we do not see any reason why they cannot both be configured together.  However, since the legacy 1-bit ‘one-shot HARQ-ACK request’ field in the DL Grant is likely used to trigger a HARQ-ACK retransmission, there may be ambiguity as whether an e-Type 3 CB or a 1-shot ReTx CB is being triggered.  One way to determine which retransmission HARQ-ACK Codebook to use is to select the Codebook type based on the number of HARQ-ACKs NHARQ in the target PUCCH.  That is a threshold THARQ can be defined such that if NHARQ ≤ THARQ, then the 1-shot ReTx CB is triggered otherwise an e-Type 3 CB is triggered [2].  When the NHARQ is small, then it is far more efficient, in terms of codebook size, to use a dynamic HARQ-ACK codebook such as 1-shot ReTx CB for retransmissions of the HARQ-ACKs of the target PUCCH.  On the other hand, if NHARQ is large, then a semi-statically configured HARQ-ACK codebook size such as e-Type 3 CB would provide robustness and the loss in codebook size efficiency is not significant.  The value of THARQ can be RRC configured.
Observation 6: When the number of HARQ-ACK retransmissions NHARQ is small, it is more efficient in terms of Codebook size to use the dynamic 1-shot ReTx CB for HARQ-ACK retransmissions.  On the other hand, if NHARQ is large, a semi-static sized e-Type 3 CB would provide robustness and the loss in codebook size efficiency is not significant.
Proposal 6: If the UE is configured with 1-shot ReTx CB and e-Type 3 CB and the triggering DCI triggers for HARQ-ACK retransmissions of a target PUCCH, the UE uses a HARQ-ACK Codebook type based on the number of HARQ-ACK retransmissions NHARQ and a threshold THARQ as follows:
· If NHARQ ≤ THARQ, the UE uses 1-shot ReTx CB
· If NHARQ > THARQ, the UE uses e-Type 3 CB


2.2 SPS HARQ-ACK Deferral
In RAN1#106bis-e we concluded the following:
Conclusion
If the UE is not configured with Rel-17 Intra-UE multiplexing, SPS HARQ for deferral of different PHY priorities can be separately deferred with the target PUCCHs separately determinated according to their respective PHY priorities.
· FFS on the PHY priority handling for SPS HARQ deferral if the UE configured with Rel-17 Intra-UE multiplexing

If Rel-17 Intra-UE multiplexing, i.e., UCI multiplexing of different L1 priorities, is not enabled, the deferred SPS HARQ-ACKs and the target PUCCH have the same L1 priorities.  If Rel-17 Intra-UE multiplexing is enabled, then deferred SPS HARQ-ACKs of different L1 priorities can be multiplexed into a target PUCCH, as this can reduce the latency of deferred HP SPS HARQ-ACKs to the first available target PUCCH even if the target PUCCH is LP.
Proposal 7: If the UE is configured with Rel-17 Intra-UE multiplexing, SPS HARQ deferral of different L1 priorities can be multiplexed into a target PUCCH.

The UE determines whether deferred SPS HARQ-ACK of different L1 priorities can be multiplexed into a target PUCCH based on whether Rel-17 Intra-UE multiplexing is enabled for that target PUCCH.  An example is shown in Figure 3, where the HARQ-ACKs for SPS#1 and SPS#2 are scheduled in HP PUCCH H#1 and LP PUCCH L#2 respectively.  H#1 and L#2 are dropped and hence their HARQ-ACKs are deferred.  SPS#3 in Slot n+2 has a scheduled HP PUCCH H#3 in Slot n+3, which can be transmitted, and so H#3 is a target PUCCH at least for the deferred HARQ-ACK of SPS#1 since they share the same L1 priority.  Whether the deferred HARQ-ACK of SPS#2, which has a different L1 priority, can be multiplexed into HP PUCCH H#3 depends on whether Rel-17 Intra-UE multiplexing is enabled for H#3 and in this example, it is disabled.  Hence H#3 carries only HARQ-ACK from H#1 and H#3 and the HARQ-ACK for L#2 is further deferred.  In Slot n+3 SPS#4 is received where its HARQ-ACK is scheduled in LP PUCCH L#4 in Slot n+4, which is dropped.  Hence the HARQ-ACKs from L#2 and L#4 are accumulated for deferral.  In Slot n+4, DCI#1 schedules PDSCH#1 with a corresponding HP PUCCH H#5 in Slot n+5.  H#5 can be transmitted and whether it can be a target PUCCH for deferred HARQ-ACK from L#2 and L#4 depends on whether Rel-17 Intra-UE multiplexing is enabled for H#5.  In this example Rel-17 Intra-UE multiplexing is enabled for H#5 and hence H#5 carries the deferred HARQ-ACKs from L#2 and L#5 in addition to its own HARQ-ACK.
[image: ]
[bookmark: _Ref86744537]Figure 3: Multiplexing deferred SPS HARQ-ACK of different L1 priorities

Proposal 8: Deferred SPS HARQ-ACKs of different L1 priorities can be multiplexed into a target PUCCH together with non-deferred HARQ-ACKs of the target PUCCH if Rel-17 Intra-UE multiplexing is enabled for that target PUCCH.


2.3 Sub-slot PUCCH Repetition
Sub-slot PUCCH repetitions have been agreed to improve the 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 7: 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.  For a DG-PDSCH, the gNB may be able to schedule P#2 in sub-slot m+9, however, this flexibility is not available for SPS, and hence P#2 may still collide with one of the HP PUCCH repetitions like P#1.
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[bookmark: _Ref54252784]Figure 4: Collision with PUCCH repetitions

Observation 8: 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 9: 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, reduce the priority of a repetition according to the number of repetitions that have already been transmitted.


3. Conclusion
In this contribution, we discuss some remaining issues on HARQ-ACK enhancements, and we observe the following:
Observation 1: The ability for the triggering DCI for Type 3 CB to decide whether to schedule a PDSCH or not already exists in Rel-16 and hence, maintaining this ability in Rel-17 is NOT an optimization.
Observation 2: Removing the ability for the triggering DCI for e-Type 3 CB to decide whether to schedule a PDSCH or not in Rel-17 would be a degradation of this feature compared to Rel-16 and hence there is no justified reason to remove it.
Observation 3: The likely failure of the DAI mechanism is when the UE misses the last DL Grant associated to a PUCCH carrying a Type 2 HARQ-ACK Codebook.
Observation 4: If the UE is configured with Type 2 HARQ-ACK Codebook, its DL Grant would be configured with DAI fields and since the 1-shot ReTx CB triggering DCI is also a DL Grant, these DAI fields are already present in the triggering DCI.  Hence, reusing the already configured DAI function in the triggering DCI is NOT an optimization. 
Observation 5: Deliberately removing the DAI function that is already configured in the triggering DCI (i.e., DL Grant) degrades the Rel-17 performance of the DL Grant compared to previous releases.
Observation 6: When the number of HARQ-ACK retransmissions NHARQ is small, it is more efficient in terms of Codebook size to use the dynamic 1-shot ReTx CB for HARQ-ACK retransmissions.  On the other hand, if NHARQ is large, a semi-static sized e-Type 3 CB would provide robustness and the loss in codebook size efficiency is not significant.
Observation 7: 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 8: 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 9: The 1st PUCCH repetition has the highest importance compared to subsequent repetitions of the same PUCCH.

We therefore propose the following:
Proposal 1: Regardless of whether X=1 or X>1 e-Type 3 CBs are configured for the UE, the triggering DCI should be able to indicate whether a PDSCH is scheduled or not.
Proposal 2: When the DL Grant triggers a 1-shot e-Type 3 CB, reuse Rel-16 Type 3 CB mechanism to indicate whether a PDSCH is scheduled or not, and if a PDSCH is scheduled, a default e-Type CB is used for HARQ-ACK retransmissions, i.e.:
· If FDRA is all “0s” or all “1s”, then a PDSCH is not scheduled, and the fields used for PDSCH scheduling are reinterpreted to indicate one of X e-Type 3 CBs
· If FDRA is not all “0s” or all “1s” (i.e., indicates a valid value), then a PDSCH is scheduled, and the UE uses a default e-Type 3 CB to retransmit the HARQ-ACKs.  The default e-Type 3 CB can be RRC configured
Proposal 3: For the triggering DCI received in slot/sub-slot m, indicating the HARQ-ACK re-tx, in slot/sub-slot m+k and indicating HARQ_retx_offset (KReTx), the PUCCH slot/sub-slot n of the HARQ-ACK codebook to be re-transmitted is determined as (Alt. 1) n = m - HARQ_retx_offset.
Proposal 4: The granularity of the target PUCCH offset KReTx follows the smallest K1 granularity of the configured HARQ-ACK PUCCHs.
Proposal 5: If the DAI fields are configured in the DL Grant, the triggering DCI will repeat the DAI values of the last DL Grant associated with the target PUCCH carrying a Type 2 HARQ-ACK Codebook.
Proposal 6: If the UE is configured with 1-shot ReTx CB and e-Type 3 CB and the triggering DCI triggers for HARQ-ACK retransmissions of a target PUCCH, the UE uses a HARQ-ACK Codebook type based on the number of HARQ-ACK retransmissions NHARQ and a threshold THARQ as follows:
· If NHARQ ≤ THARQ, the UE uses 1-shot ReTx CB
· If NHARQ > THARQ, the UE uses e-Type 3 CB

Proposal 7: If the UE is configured with Rel-17 Intra-UE multiplexing, SPS HARQ deferral of different L1 priorities can be multiplexed into a target PUCCH.
Proposal 8: Deferred SPS HARQ-ACKs of different L1 priorities can be multiplexed into a target PUCCH together with non-deferred HARQ-ACKs of the target PUCCH if Rel-17 Intra-UE multiplexing is enabled for that target PUCCH.
Proposal 9: If sub-slot PUCCH repetition is introduced, reduce the priority of a repetition according to the number of repetitions that have already been transmitted.
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