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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]This contribution provides some thoughts on the remaining issues of physical Layer UE feedback enhancements for HARQ-ACK.
Support avoiding SPS HARQ-ACK dropping for TDD
Interact with PUCCH repetition
For the joint configuration of SPS HARQ-ACK deferral and PUCCH repetition, it is easier to not support joint configuration. During the 5th round of email discussion in RAN1#107-e, Alt 3 (Proposal 10.2) and not support joint operation (Proposal 10.2) were discussed. Whilst, no consensus were achieved due to the time limit. 
	Proposal 10.1 (for email approval): Support the simultaneous configuration of SPS HARQ deferral and PUCCH repetition based on Alt. 3:  
· If the SPS HARQ from the initial PUCCH slot is subject to deferral, the UE proceeds to determine a target PUCCH slot as per the specified R17 SPS HARQ deferral procedure without taking a potential PUCCH repetition in the initial slot into account. 
· In case the PUCCH format or PUCCH resource in the target PUCCH slot has a PUCCH repetition factor larger than 1, the >1 repetitions take place starting from the target PUCCH slot using the Rel-16 PUCCH repetition procedure without considering the maximum SPS HARQ deferral limitation any further after the first PUCCH repetition.

[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Proposal 10.2 (for email approval): If proposal 10.1 above is not agreeable, the following Conclusion is approved automatically:
· Conclusion: There is no consensus to support simultaneous configuration of SPS HARQ deferral and PUCCH repetition in Rel-17. 



For Alt 3, there are some cases that may lead to different understandings. For example, as mentioned by NTT DOCOMO some of SPS HARQ-ACK bits in the initial slot can be deferred, some cannot be deferred. In this case, if PUCCH repetition in the initial slot is not considered for deferral SPS HARQ-ACK bits, non-deferral SPS HARQ-ACK bits still do not clear whether PUCCH repetition can be take into account. If non-deferral SPS HARQ-ACK bits still use the PUCCH repetition in the next slots and it is valid, it means non-deferral and deferral SPS HARQ-ACK bits use same slot to feedback. Thus, SPS HARQ-ACK deferral and PUCCH repetition can achieve same results. Joint interaction of these two features is not necessary. We support Mod Proposal 10.2 in summary from the last meeting.
Proposal 1. Support Proposal 10.2:
•	Conclusion: There is no consensus to support simultaneous configuration of SPS HARQ deferral and PUCCH repetition in Rel-17.  
Interact with dynamic PUCCH carrier switching
It was agreed to support simultaneous configuration of SPS HARQ-ACK deferral and semi-static PUCCH carrier switching.
	Agreement
Support simultaneous configuration of SPS HARQ-ACK deferral and PUCCH cell switching based on the semi-static time domain pattern:
For the target slot determination of SPS HARQ-ACK deferral,
· Step 1: the UE first determines a next PUCCH slot on the cell for PUCCH transmission using the semi-static time-domain PUCCH cell pattern and the related rules for semi-static PUCCH cell switching, followed by
· Step 2: the UE determines based on the SPS HARQ-ACK deferral rules if this PUCCH slot on the PUCCH cell for transmission is the target PUCCH slot or not.
· Note: In step 1, k is increased on PCell/PScell/PUCCH-Scell. “The next PUCCH slot” represents the slot on the PUCCH cell based on PUCCH cell pattern, which is mapped from the PCell/PScell/PUCCH-Scell slot with increased K1.
· Note: The maximum deferral limitation checking is based on the effective k + kdef value based on the granularity of PCell / PScell/PUSCCH-Scell



However, it is still open whether or not to support simultaneous configuration of SPS HARQ-ACK deferral and dynamic PUCCH carrier switching. It was agree that the UE does not expect a PUCCH slot with UCI on PCell /SPCell / PUCCH SCell to overlap with a PUCCH slot with HARQ-ACK on the dynamically indicated alternative PUCCH cell. It means SPS HARQ-ACK deferral only occurs in PCell/PSCell/PUCCH-SCell, cannot be multiplexed into the alternative PUCCH cell. However, if there is a dynamic HARQ-ACK, SPS HARQ-ACK deferral would automatically appended to it. Then SPS HARQ-ACK deferral bits actually multiplexed into the dynamically indicated alternative PUCCH cell, which is against our previous agreement. 
Proposal 2. Do not support the joint operation of SPS HARQ-ACK deferral and dynamic PUCCH carrier switching in Rel-17.
Interaction with Rel-17 Intra-UE multiplexing
It was achieved a conclusion that separate deferral can be done for different PHY priorities of SPS HARQ, when the UE is not configured with Rel-17 Intra-UE multiplexing, but configured with Rel-16 PHY prioritization.
	Conclusion RAN1 106b-e
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

Conclusion RAN1 107e 
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.



For UE is configured with Rel-17 intra-UE multiplexing case, we support to have the same handling for UE is configured with Rel-16 Intra-UE multiplexing, which is SPS HARQ for deferral of different PHY priorities can be separately deferred with the target PUCCHs separately determined according to their respective PHY priorities.
One commented case is when PUCCH1 with HP HARQ-ACK and PUCCH with LP HARQ-ACK are overlapping in a slot but none of them can be transmitted, then deferral is performed. The argument is joint deferral or separate deferral. First of all, joint deferral is not reasonable considering the different slot length. The slot length for LP and HP HARQ-ACK are separately configured, based on traffic delay requirements. It is not fair that LP share the same slot length with HP just because they are overlapping in one slot. Second, the PUCCH resource for Rel-17 Intra-UE multiplexing	use a resource in the second PUCCH-Config. It is also not proper to always use HP HARQ-ACK PUCCH resource in all the slots. So an easier and straightforward method is SPS HARQ for deferral of different PHY priorities can be separately deferred with the target PUCCHs separately determined according to their respective PHY priorities even Rel-17 intra-UE multiplexing is configured. 
Proposal 3. If the UE is configured with Rel-17 Intra-UE multiplexing, SPS HARQ for deferral of different PHY priorities can be separately deferred with the target PUCCHs separately be determinated according to their respective PHY priorities.
Retransmission of cancelled HARQ 
For the one-shot triggering in Rel-17, it was agreed to dynamically indicate Rel-17 one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource. A single DCI can only trigger a single HARQ-ACK codebook through a DCI field, can including the PHY priority as well. There are still some open issues for Rel-17 one-shot triggering.
 ‘Slot-offset’ range
According to the range of HARQ re-tx slot-offset, we prefer to keep same range as SPS PDSCH HARQ-ACK deferral, i.e. the maximum SPS HARQ-ACK deferral value in terms of k1+k1def per SPS configuration is a value range of {1…32}. So the range of HARQ re-tx slot-offset can be up to 32 values. 
When without early triggering, the maximum supported value for the HARQ re-tx offset is smaller than 31, and minimum supported value is 0. If early triggering is confirmed, the value range is [-4, 27].    
Proposal 4. When without early triggering, the value range for the HARQ re-tx offset is [0, 31]. If early triggering is confirmed, the value range is [-4, 27].
Early triggering
In addition, a WA in last meeting was propose to support the triggering is supported before the initial PUCCH transmission slot.
	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



 However, we think the scheduling time of triggering and last DCI/PDSCH to decide the initial PUCCH transmission still need to clarify. As shown in the figure below. First of all, the PUCCH resource is decided by last DCI. If the triggering DCI is early than last DCI, it might happen that the initial PUCCH transmission changes by the actual last DCI. There is a possibility that the initial PUCCH transmission first is cancelled at first, and then it can be transmitted again. From this understanding, the early triggering of HARQ re-tx should be received later than the last DCI of the initial PUCCH transmission. 


Figure 1: Early triggering of HARQ re-tx
Proposal 5. Early triggering of HARQ re-tx should be received later than the last DCI of the initial PUCCH transmission
Triggering details
It was agreed that triggering DCI of one-shot HARQ-ACK re-tx on PUCCH is not able to schedule PDSCH, while there were some details still need to define.
	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 unused 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 behaviour



For triggering singling of DCI for triggering indication of one-shot HARQ re-transmission on PUCCH, the Rel-16 Type-3 HARQ-ACK CB indication of DCI can be reused, including the One-shot HARQ-ACK request field with value 1, and resourceAllocation configurations with the fixed 0 or 1 value for all bits of the frequency domain resource assignment field. Since the HARQ slot offset value up to 32 values, it is enough to use the transport block 1 MCS field to indicate the slot offset. 
Basically, we have the following proposal for triggering one-shot HARQ re-tx:
Proposal 6. ‘one-shot HARQ-ACK request’ field can be reused as the triggering field/bit for triggering indication of one-shot HARQ re-transmission on PUCCH
Proposal 7. The MCS field of the transport block 1 in  DCI is used for HARQ slot offset indication
Proposal 8. The indication of one-shot HARQ re-transmission on PUCCH will reuse Rel-16 type-3 HARQ ACK CB UE behaviour.
Proposal 9. Adopt the following TP for triggering of one-shot HARQ re-transmission on PUCCH in 38.213.
9.1.5	 HARQ-ACK codebook retransmission 
< Unchanged parts are omitted >
With reference to slots of PUCCH transmissions on the primary cell and for Type-1 or Type-2 HARQ-ACK codebooks, a UE that transmitted or would transmit a PUCCH or a PUSCH with a first HARQ-ACK codebook in slot  can be indicated by a DCI format that does not schedule a PDSCH reception [4, TS 38.212] and is received in a PDCCH in slot , to transmit a PUCCH with the first HARQ-ACK codebook in slot , where slot  is after slot . The UE determines  and a resource for the PUCCH transmission as described in clauses 9.2.3 and 9.2.5. If the UE is provided a periodic cell switching pattern for PUCCH transmissions by pucch-sSCellPattern, the UE further determines a corresponding cell based on the periodic cell switching pattern as described in clause 9.A.
If the One-shot HARQ-ACK requestpdsch-HARQ-ACK-retx or pdsch-HARQ-ACK-retxDCI-1-2 field value in the DCI format 1_1 or 1_2, respectively, is ‘1’, and
-	the CRC of the DCI is scrambled by a C-RNTI or an MCS-C-RNTI, and
-	resourceAllocation = resourceAllocationType0 and all bits of the frequency domain resource assignment field in the DCI format are equal to 0, or
-	resourceAllocation = resourceAllocationType1 and all bits of the frequency domain resource assignment field in the DCI format are equal to 1, or
-	resourceAllocation = dynamicSwitch and all bits of the frequency domain resource assignment field in the DCI format are equal to 0 or 1
 the UE determines slot  as  where  is determined by a one-to-one mapping among the first TBD values of the TBD modulation and coding scheme field of the transport block 1 in the DCI format 1_1 or modulation and coding scheme field in DCI format 1_2 and all values from -X to Y.
If the DCI format 1_1 or 1_2 includes a priority indicator field having a value, a priority value of first HARQ-ACK information in the first HARQ-ACK codebook is same as the value of the priority indicator field; otherwise, the priority value of the first HARQ-ACK information is zero.
< Unchanged parts are omitted >
PUCCH carrier switching
PUCCH carrier switching based on dynamic indication
[bookmark: OLE_LINK6]Type 1 HARQ codebook construction: 
The type 1 HARQ-ACK codebook construction is generated based on the K1 sets of PCell/PScell/PUCCH cell in Rel-15/16. When PUCCH carrier switching based on dynamic indication applied, K1 set for Type 1 HARQ-ACK codebook is not clear defined. It was agreed that if dynamic PUCCH carrier switching is used, k1 is interpreted as the numerology of the dynamically indicated target PUCCH cell. Thus K1 set should be the the dynamically indicated PUCCH cell for dynamic PUCCH cell switching.
Type 2 HARQ codebook construction: 
For Type 2 HARQ-ACK codebook, Rel-15/16 rule based on DAI counter can be reused. 
Proposal 10. When PUCCH carrier switching based on dynamic indication is applied, 
· The Type 1 HARQ-ACK codebook construction is based on the K1 set(s) of the dynamically indicated PUCCH cell. 
· The Type 2 HARQ-ACK codebook construction is based on Rel-15/16 rule based on DAI counter
PUCCH carrier switching based on semi-static configuration
Type 1 HARQ codebook construction: 
It was agreed that if semi-static PUCCH carrier switching is used, k1 is interpreted as the numerology of the reference cell to be able to apply the time-domain PUCCH cell switching pattern. Thus K1 set for Type 1 HARQ-ACK codebook should also be the PCell / SPCell / PUCCH Scell for semi-static PUCCH cell switching.
Type 2 HARQ codebook construction: 
For Type 2 HARQ-ACK codebook, Rel-15/16 rule based on DAI counter can be reused. 
Proposal 11. When PUCCH carrier switching based on semi-static configuration is applied, 
· The Type 1 HARQ-ACK codebook construction is based on the K1 set(s) of the PCell / SPCell / PUCCH Scell
· The Type 2 HARQ-ACK codebook construction is based on Rel-15/16 rule based on DAI counter
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following proposals.
Proposal 1. Support Proposal 10.2:
•	Conclusion: There is no consensus to support simultaneous configuration of SPS HARQ deferral and PUCCH repetition in Rel-17.  
Proposal 2. Do not support the joint operation of SPS HARQ-ACK deferral and dynamic PUCCH carrier switching in Rel-17.
Proposal 3. If the UE is configured with Rel-17 Intra-UE multiplexing, SPS HARQ for deferral of different PHY priorities can be separately deferred with the target PUCCHs separately be determinated according to their respective PHY priorities.
Proposal 4. When without early triggering, the value range for the HARQ re-tx offset is [0, 31]. If early triggering is confirmed, the value range is [-4, 27].
Proposal 5. Early triggering of HARQ re-tx should be received later than the last DCI of the initial PUCCH transmission
Proposal 6. ‘one-shot HARQ-ACK request’ field can be reused as the triggering field/bit for triggering indication of one-shot HARQ re-transmission on PUCCH
Proposal 7. The MCS field of the transport block 1 in  DCI is used for HARQ slot offset indication
Proposal 8. The indication of one-shot HARQ re-transmission on PUCCH will reuse Rel-16 type-3 HARQ ACK CB UE behaviour.
Proposal 9. Adopt the following TP for triggering of one-shot HARQ re-transmission on PUCCH in 38.213.
Proposal 10. When PUCCH carrier switching based on dynamic indication is applied, 
· The Type 1 HARQ-ACK codebook construction is based on the K1 set(s) of the dynamically indicated PUCCH cell. 
· The Type 2 HARQ-ACK codebook construction is based on Rel-15/16 rule based on DAI counter
Proposal 11. When PUCCH carrier switching based on semi-static configuration is applied, 
· The Type 1 HARQ-ACK codebook construction is based on the K1 set(s) of the PCell / SPCell / PUCCH Scell
· The Type 2 HARQ-ACK codebook construction is based on Rel-15/16 rule based on DAI counter
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