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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN#1#107e, we agreed the following on some features with remaining issues:
Agreement
For one-shot HARQ re-transmission on PUCCH, the ‘HARQ re-tx offset’ is determined as Alt. 1: n = m - HARQ_retx_offset

Agreement
Apply a 1-bit triggering DCI field for triggering indication of one-shot HARQ re-transmission on PUCCH. 
· The triggering DCI with the triggering bit set to ‘1’ is not able to schedule PDSCH. 
· Some unused bit field in the DCI is used to indicate the HARQ slot offset. 
· FFS: if the ‘one-shot HARQ-ACK request’ field can be reused
· FFS: which unsed DCI field in the DCI is used for HARQ slot offset indication
· FFS: The indication of whether the PDSCH is not scheduled will reuse Rel-16 type-3 HARQ ACK CB UE behavior

Working Assumption 
For one-shot triggering of HARQ re-transmission, in addition to one-shot triggering of HARQ re-transmission after the initial PUCCH transmission slot, the triggering is supported before the initial PUCCH transmission slot
· Re-transmission triggering does not change processing for the initial PUCCH transmission (i.e., HARQ multiplexing / dropping / transmission)
· The UE expects the PUCCH carrying the HARQ-ACK re-transmission to be scheduled in a slot/sub-slot after the initial PUCCH transmission slot/sub-slot. 
· The support for the triggering before the initial PUCCH transmission slot is subject to separate UE capability indication

Agreement
For one-shot triggering of HARQ re-transmission, introduce a new 1-bit DCI field in DCI format 1_1 and in DCI format 1_2 (if DCI format 1_2 is configured with one-shot triggering of HARQ-ACK re-transmission).
 
Agreement
For one-shot HARQ-ACK re-transmission, the value range for HARQ re-tx offset is fixed in the specification

Agreement
The maximum SPS HARQ-ACK deferral value in terms of k1+k1def per SPS configuration is RRC configured from a value range of {1…32}.

Conclusion
For SPS HARQ-ACK deferral, if a UE is not configured with Rel-17 intra-UE multiplexing but configured with Rel-16 PHY prioritization, the UE first performs Rel-16 UCI multiplexing and PHY prioritization in both initial slot and target slot and if a LP SPS HARQ-ACK PUCCH is deprioritized, the LP SPS HARQ-ACK is not deferred.
· Note: If the SPS HARQ-ACK is deprioritized in any slot, no further deferral.


In this contribution, we discuss some remaining issues in HARQ-ACK enhancements.

2. Discussions
2.1 1-shot HARQ-ACK Retransmissions
In a previous meeting, we made a Working Assumption to allow the 1-shot ReTx triggering DCI to indicate an initial PUCCH that comes after the triggering DCI.  This can be used for cases where the gNB already knows that a LP PUCCH will be dropped due to prioritization and therefore schedules for HARQ-ACK retransmission without having to wait until after the initial PUCCH is dropped.  This provides more flexibility for the scheduler and hence we propose that this Working Assumption is confirmed.

Proposal 1: Confirm the following working assumption:

For one-shot triggering of HARQ re-transmission, in addition to one-shot triggering of HARQ re-transmission after the initial PUCCH transmission slot, the triggering is supported before the initial PUCCH transmission slot
· Re-transmission triggering does not change processing for the initial PUCCH transmission (i.e., HARQ multiplexing / dropping / transmission)
· The UE expects the PUCCH carrying the HARQ-ACK re-transmission to be scheduled in a slot/sub-slot after the initial PUCCH transmission slot/sub-slot. 
· The support for the triggering before the initial PUCCH transmission slot is subject to separate UE capability indication


It was agreed that an unused DCI field of the DCI triggering the 1-shot ReTx triggering DCI will be used to indicate the initial PUCCH slot offset.  Since it was agreed that a PDSCH will not be scheduled by the triggering DCI, the unused fields are those used to schedule a PDSCH such as TDRA (0-4 bits), FDRA (depends on size of BWP), MCS (5 bits), HPN (4 bits), RV (2 bits), NDI (1 bit) and RV (2 bits).  It was also agreed that the range and values of the initial PUCCH slot offset is fixed in the specifications and hence, the unused DCI fields should have a fixed size.  The candidate DCI fields are MCS (5 bits), HPN (4 bits), RV (2 bits) and NDI (1 bit) the field or more than one fields used depends on the what will be the agreed range of initial PUCCH slot offset.  We expect that 32 values are sufficient and the MCS field is suitable for this indication.

Proposal 2: The unused MCS (5 bits) field in the DCI triggering the 1-shot HARQ-ACK Retransmission is used to indicate 32 initial PUCCH slot offsets.  If more than 32 offsets are required, further combine the MCS with HPN (4 bits), RV (2 bits) and/or NDI (1 bit) depending on the total number of offsets.


The DAI field is used to mitigate against miss detection of DL Grant to ensure that the number of HARQ-ACK feedbacks in a Type 2 HARQ-ACK Codebook is aligned between UE and gNB.  Although 1-shot ReTx can be used for High L1 Priority (HP) or Low L1 Priority (LP) initial PUCCH, it is likely that most of the time, 1-shot ReTx is used to retransmit HARQ-ACK from an initial LP PUCCH, which is more prone to error due to DL Grant miss detection compared to HARQ-ACKs in a HP PUCCH.  

Observation 1: LP HARQ-ACK suffers from DL Grant misdetection leading to the wrong number of HARQ-ACKs in Type 2 HARQ-ACK Codebook causing misalignment in the number of HARQ-ACKs between UE and gNB.  This misalignment in the Initial LP PUCCH would be propagated into the PUCCH scheduled by the DCI triggering the 1-shot HARQ-ACK retransmission.


Some companies proposed to introduce a new T-DAI in the triggering DCI to indicates the total number of HARQ-ACKs for retransmissions [1].  However, it was argued that introducing a new field was deemed as an optimization.  The misalignment in number of HARQ-ACKs is only an issue in Type 2 HARQ-ACK Codebooks and typically the DAI is configured in the DL Grant to mitigate against DL Grant misdetection.  Since the triggering DCI is a DL Grant, the DAI field would already be present if a Type 2 HARQ-ACK Codebook is used and hence its usage can be maintained.  That is the DAI field in the triggering DCI can repeat the DAI value(s) of the last DL Grant associated with the initial PUCCH.  Since there is no new DCI field introduced and the DAI function is maintained, this is not an optimization but rather a continuation of an existing function.

Observation 2: Maintaining an existing function of an existing field is NOT an optimization.

Proposal 3: If the DAI field is configured in the DL Grant used for triggering 1-shot HARQ-ACK retransmission, the DAI function is maintained in the triggering DCI where the DAI value of the last DL Grant associated with the Initial PUCCH is repeated in the triggering DCI.


2.2 HARQ-ACK Deferral
It was concluded that HARQ-ACK SPS of different L1 priorities are independently deferred to target PUCCH of the same L1 priority when Rel-17 intra-UE UCI multiplexing is not enabled.  However, we have not concluded whether joint operation of SPS HARQ-ACK deferral and Rel-17 intra-UE UCI multiplexing is supported.  SPS HARQ-ACK deferral is introduced to avoid dropping of SPS HARQ-ACK due to semi-static slot configurations which can happen regardless of whether Rel-17 intra-UE UCI multiplexing is enabled or not.  Hence, we should support joint operations of SPS HARQ-ACK deferral and Rel-17 intra-UE UCI multiplexing.

Proposal 4: Support joint operations of SPS HARQ-ACK deferral and Rel-17 intra-UE UCI multiplexing of different L1 priorities.


For the case where the deferred SPS HARQ-ACKs contain only LP HARQ-ACKs, then if Rel-17 intra-UE UCI multiplexing is enabled, these deferred LP HARQ-ACKs can have a target PUCCH that is LP or HP.  On the other hand, if the deferred SPS HARQ-ACKs contain HP HARQ-ACKs, a target PUCCH that is LP may not provide the reliability required for URLLC.  The target PUCCH is the first available PUCCH and avoiding multiplexing deferred HP HARQ-ACK into a target LP PUCCH increases its latency which may not be beneficial for URLLC operations.

Observation 3: When Rel-17 intra-UE UCI multiplexing is enabled, if the deferred SPS HARQ-ACKs contain HP HARQ-ACKs, a first available PUCCH that is LP may not provide the required reliability for the HP HARQ-ACKs.  However, avoiding the first available LP PUCCH leads to increase in latency.


When two PUCCHs of different L1 priorities collide and Rel-17 intra-UE UCI multiplexing is enabled, the UCIs of different L1 priorities are multiplexed into a HP PUCCH, i.e. the PUCCH resource is selected from the “2nd PUCCH Config”, to ensure the reliability of the multiplexed UCIs.  Hence to ensure the reliability is maintained, if the deferred SPS HARQ-ACKs contain HP HARQ-ACKs, then the UE selects a PUCCH resource for the target PUCCH from the “2nd PUCCH Config”, even if the target PUCCH is originally scheduled as LP-PUCCH.

Proposal 5: When Rel-17 intra-UE UCI multiplexing is enabled and if the deferred SPS HARQ-ACKs contain HP HARQ-ACKs, the resource for the target PUCCH is selected from the 2nd PUCCH Config, regardless of the L1 priority of the originally scheduled target PUCCH.
 

Joint operations of SPS HARQ-ACK deferral and PUCCH repetitions have been discussed in a previous RAN1 meeting [1].  It was noted that since a PUCCH repetition that is dropped is automatically deferred in Rel-15, there is no need to perform SPS HARQ-ACK deferral if the initial PUCCH has repetitions, i.e. SPS HARQ-ACK deferral is redundant in this scenario.  We agree with this proposal.

Proposal 6: SPS HARQ-ACK deferral is not used if repetitions are used in the initial PUCCH.


In [1], it is suggested that if the target PUCCH contains repetitions, the deferral time limit k1+k1def is only applicable to the 1st PUCCH repetition.  For example in Figure 1, PUCCH#1 that carries HARQ-ACK for SPS#1 is dropped and can be delayed up to k1+k1def  = 4 slots.  PUCCH#2 that carries HARQ-ACK for SPS#2 has 2× repetitions and since the 1st PUCCH repetition is within k1+k1def, the deferred HARQ-ACK for SPS#1 can be multiplexed into PUCCH#2 even though the repetitions for PUCCH#2 end after k1+k1def.  However, if the 1st PUCCH repetition of the target PUCCH is invalid and is therefore delayed as per Rel-15 behaviour, such that the delayed repetition exceeds k1+k1def, it isn’t clear if the SPS HARQ-ACK can still be multiplexed into the target PUCCH.  For example, in Figure 2, the target PUCCH, PUCCH#2 has 2× repetitions where the 1st repetition is within k1+k1def, but the 1st PUCCH repetition is invalid, e.g. collides with DL symbols and here it isn’t clear whether the deferred HARQ-ACK for SPS#1 can be multiplexed into PUCCH#2.  Since a deferred SPS HARQ-ACK needs to reach the gNB within k1+k1def, in the scenario in Figure 2, there isn’t any point transmitting the deferred HARQ-ACK for SPS#1 in the delayed PUCCH#2 in Slot n+5 as it would not meet the latency requirement but unnecessarily increase the load of PUCCH#2, which may impact the reliability of the HARQ-ACK for SPS#2.  Hence, we propose that SPS HARQ-ACK is deferred to a target PUCCH with repetitions if at least the 1st valid PUCCH repetition is within k1+k1def.

[image: ]
[bookmark: _Ref92213994]Figure 1: Maximum deferral time is applicable to 1st PUCCH repetition
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[bookmark: _Ref92215120]Figure 2: 1st target PUCCH repetition is delayed

Proposal 7: An SPS HARQ-ACK is deferred to a target PUCCH with repetition if at least the first valid PUCCH repetition of the target PUCCH is within the deferral time limit k1+k1def from the SPS.


3. Conclusion
In this contribution, we discuss some remaining issues on HARQ-ACK enhancements, and we observe the following:
Observation 1: LP HARQ-ACK suffers from DL Grant misdetection leading to the wrong number of HARQ-ACKs in Type 2 HARQ-ACK Codebook causing misalignment in the number of HARQ-ACKs between UE and gNB.  This misalignment in the Initial LP PUCCH would be propagated into the PUCCH scheduled by the DCI triggering the 1-shot HARQ-ACK retransmission.

Observation 2: Maintaining an existing function of an existing field is NOT an optimization.

Observation 3: When Rel-17 intra-UE UCI multiplexing is enabled, if the deferred SPS HARQ-ACKs contain HP HARQ-ACKs, a first available PUCCH that is LP may not provide the required reliability for the HP HARQ-ACKs.  However, avoiding the first available LP PUCCH leads to increase in latency.


We therefore propose the following:
Proposal 1: Confirm the following working assumption:

For one-shot triggering of HARQ re-transmission, in addition to one-shot triggering of HARQ re-transmission after the initial PUCCH transmission slot, the triggering is supported before the initial PUCCH transmission slot
· Re-transmission triggering does not change processing for the initial PUCCH transmission (i.e., HARQ multiplexing / dropping / transmission)
· The UE expects the PUCCH carrying the HARQ-ACK re-transmission to be scheduled in a slot/sub-slot after the initial PUCCH transmission slot/sub-slot. 
· The support for the triggering before the initial PUCCH transmission slot is subject to separate UE capability indication

Proposal 2: The unused MCS (5 bits) field in the DCI triggering the 1-shot HARQ-ACK Retransmission is used to indicate 32 initial PUCCH slot offsets.  If more than 32 offsets are required, further combine the MCS with HPN (4 bits), RV (2 bits) and/or NDI (1 bit) depending on the total number of offsets.

Proposal 3: If the DAI field is configured in the DL Grant used for triggering 1-shot HARQ-ACK retransmission, the DAI function is maintained in the triggering DCI where the DAI value of the last DL Grant associated with the Initial PUCCH is repeated in the triggering DCI.

Proposal 4: Support joint operations of SPS HARQ-ACK deferral and Rel-17 intra-UE UCI multiplexing of different L1 priorities.

Proposal 5: When Rel-17 intra-UE UCI multiplexing is enabled and if the deferred SPS HARQ-ACKs contain HP HARQ-ACKs, the resource for the target PUCCH is selected from the 2nd PUCCH Config, regardless of the L1 priority of the originally scheduled target PUCCH.

Proposal 6: SPS HARQ-ACK deferral is not used if repetitions are used in the initial PUCCH.

Proposal 7: An SPS HARQ-ACK is deferred to a target PUCCH with repetition if at least the first valid PUCCH repetition of the target PUCCH is within the deferral time limit k1+k1def from the SPS.
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