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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR was approved. The first objective is physical layer feedback enhancements should be studied and specified for URLLC, including HARQ-ACK and CSI feedback enhancements. 
This contribution provides some thoughts on physical Layer UE feedback enhancements for HARQ-ACK.
Support avoiding SPS HARQ-ACK dropping for TDD
PUCCH repetition
For the joint configuration of SPS HARQ-ACK deferral and PUCCH repetition, it is easier to not support joint configuration. Because PUCCH repetition is based on available slots, when PUCCH resources of SPS HARQ-ACK are configured with a repetition factor, there can be several chances for PUCCH transmission occasions, furthermore the occasions can be postponed if there is not enough available symbols. Thus, SPS HARQ-ACK deferral and PUCCH repetition can achieve a similar results. Joint interaction of these two features is not necessary. We support Mod Proposal 2.7.2 in summary from the last meeting.
Proposal 1. Support Mod Proposal 2.7.2: For interaction joint operation of SPS HARQ deferral and PUCCH repetition, the following is adopted: 
· If the PUCCH format or PUCCH resource in the initial or/ target slot has a PUCCH repetition factor larger than 1, the PUCCH repetition for SPS HARQ-ACKs follows the R16 rule without considering the rules/limitations of SPS deferral
· Note: Parallel deferral procedures are prevented. Depending on the PUCCH format and / or PUCCH resource and its associated PUCCH repetition factor in the initial or/ target slot, deferral is prevented (for K>1). 

Interact with PUCCH carrier switching
According to interaction between SPS HARQ-ACK dropping for TDD and PUCCH carrier switching, we do not think it is useful to support these two features simultaneously. Because for PUCCH carrier switching, SPS HARQ-ACK can be handled by semi-static PUCCH carrier switching configurations, such as RRC configured PUCCH cell timing pattern of always applicable PUCCH cells for SPS HARQ-ACK. It does not introduce additional delay especially considering this is URLLC traffic, the delay requirement is stressful. SPS HARQ-ACK deferral due to TDD configuration is useful when there is no available PUCCH can be transmitted, so it is deferred to another slot. From this point of view, these two features, either one of them can be solve the problem of SPS HARQ-ACK dropping. No need to support two of them at same time. 
Proposal 2. Do not support the joint operation of SPS HARQ-ACK deferral and 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.  
	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



For this FFS point, we support to have the same handling for UE is configured with Rel-17 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 
Rel-17 enh. Type 3 HARQ-ACK codebook
According to enh. Type 3 HARQ-ACK codebook, it was agreed that UE capability signalling to report maximum number of simultaneously configurable enhanced Type 3 CB from the set of {1, 2, 4, 8}, and reusing the legacy 1-bit ‘one-shot HARQ-ACK request’ for triggering indication of the enhanced Type 3 HARQ-ACK CB of smaller size. One open issue is when more than one enhanced Type 3 HARQ-ACK CB are configured, whether the triggering DCI with the triggering bit set to ‘1’ is also able to schedule PDSCH.
	Agreement
Reuse the legacy 1-bit ‘one-shot HARQ-ACK request’ for triggering indication of the enhanced Type 3 HARQ-ACK CB of smaller size. 
· At least if only a single enhanced Type 3 HARQ-ACK CB is configured, the triggering DCI with the triggering bit set to ‘1’ is also able to schedule PDSCH.


 
In addition, when UE reports more than one enh. Type 3 HARQ-ACK codebooks and RRC configured more than one codebook, there can be dynamic selection through DCI. We prefer to use legacy Type 3 HARQ-ACK codebook trigger method, e.g. with or without PDSCH scheduling in the DCI up to gNB scheduling.  From this point of view, Alt 2 is more preferred than Alt 1 in Question 3.2.9.
Question 3.2.9: If more than one enhanced Type 3 HARQ-ACK codebook is configured and 1-bit triggering indication is used, the triggering DCI with the single triggering bit set to ‘1’
· Alt. 1: is not able to schedule PDSCH.
· Some unused DCI field is used to indicate which enhanced Type 3 HARQ-ACK codebook is triggered.  
· Alt. 2: is able to scheduled PDSCH:
· If PDSCH is being scheduled (i.e., valid FDRA), the DCI triggers the first enhanced Type 3 HARQ-ACK codebook from the list; 
· If PDSCH is not scheduled (i.e., FDRA all ‘0’ or ‘1’), some unused DCI field in the triggering DCI is used to indicate which enhanced Type 3 HARQ-ACK codebook is triggered 
· Alt. 3: Other

It provides enough flexible for gNB scheduling, and does not give additional restrictions as Alt 1 that DCI cannot scheduling PDSCH when more than one Type 3 HARQ-ACK CBs are configured. Besides Alt 2, more bits can be acceptable. Such as when less than 3 Type 3 HARQ-ACK CBs and more than 1 are configured, 2 bits are used, otherwise 3 bits when less than 7 CBs and 4 bits when more than 7 CBs. 
Thus, we have the proposal.
Proposal 4. Support Alt 2 or Alt 3 for indicating of Type 3 HARQ-ACK when more than one are configured.
· Alt. 2: is able to scheduled PDSCH:
· If PDSCH is being scheduled (i.e., valid FDRA), the DCI triggers the first enhanced Type 3 HARQ-ACK codebook from the list; 
· If PDSCH is not scheduled (i.e., FDRA all ‘0’ or ‘1’), some unused DCI field in the triggering DCI is used to indicate which enhanced Type 3 HARQ-ACK codebook is triggered 
· Alt. 3: an N-bit DCI field for triggering included, one state indicating ‘not trigger’ whereas the remaining signalling states can be used to indicated one of up to M different enh. Type 3 CBs. N is defined as N=log2 (M+1)
Rel-17 one-shot triggering for HARQ-ACK re-transmission
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.
Regarding the triggering DCI details, including DCI field usage & ability to scheduled PDSCH at the same time, we are fine with the Mod 4 Compromise proposal 3.2.9. Actually, we think it is good to support HARQ-ACK retransmission triggering. Because it has low additional payload in DCI, and it can provide enough information for offsets and PUCCH resources without bit change for DCI design. Considering there might be a couple of values for offset indication for the slot gaps from cancelled PUCCH to triggered new PUCCH, Alt 1 and Alt 2 will introduce a big payload to legacy DCI format, especially considering this one shot triggering CB would not work all the time. 
Proposal 5. Support Mod 4 Compromise proposal 3.2.9: If more than one enhanced Type 3 HARQ-ACK codebook is configured, the triggering DCI with the single triggering bit set to ‘1’
· If the triggering DCI does not schedule PDSCH (i.e., FDRA all ‘0’ or ‘1’), some unused DCI field in the triggering DCI is used to indicate which enhanced Type 3 HARQ-ACK codebook is triggered
· FFS which unused DCI field(s) are to be used 
· FFS: whether/how the triggering DCI can schedules PDSCH (i.e., valid FDRA) 
According to ‘Offset’ indication (i.e. how to indicate the HARQ-ACK codebook for re-transmission), we prefer Alt 1 more than Alt 2. Because it is a legacy reference offset defined in the specification. No new reference offset is introduced. 
	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



Proposal 6. On the definition of some ‘PUCCH slot offset’ for dynamically indicating the HARQ-ACK codebook(s) / PUCCH occasions to be re-transmitted:
· Alt. 1: n = m - HARQ_retx_offset
PUCCH carrier switching
[bookmark: OLE_LINK1]Mixed numerology handling for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot
For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot, there were two alternatives. 

	Agreement: 
Down-select in RAN1#107-e from Alt. 1 & Alt. 3 below:
For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e. multiple target PUCCH cell slots overlapping with a single PCell slot),  the following PUCCH cell slot is used for UCI transmission:
· Alt. 1: the first target PUCCH slot overlapping with the PCell slot
· Alt. 3: using a relative slot-offset within the reference cell slot, the relative slot offset is configured in the time domain pattern (i.e. time domain pattern contains ‘cell index’ & ‘slot_offset’ for each reference cell slot)
· Note: different relative slot offset can be configured for each reference cell slot in the time domain pattern, details see R1-2108829



Our preference is Alt 1. Because it is simple and can work well, especially considering the intention of PUCCH carrier switching is to reduce latency. We think Alt 1 is enough.
Proposal 7. For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e. multiple target PUCCH cell slots overlapping with a single PCell slot),  the following PUCCH cell slot is used for UCI transmission:
· Alt. 1: the first target PUCCH slot overlapping with the PCell slot
Mixed numerology handling for the case the PCell slot to be shorter than the target PUCCH cell slot or sub-slot
For the case the PCell slot to be shorter than the target PUCCH cell slot or sub-slot, there were also two alternatives left. 
	Agreement: 
Down-select in RAN1#107-e from Alt. 2 & Alt. 4 below:
For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot,  
· Alt. 2: the UE does not expect the same UCI type (i.e. HARQ-ACK, SR or CSI) from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot
· Note: there can be e.g. HARQ-ACK only be present in either of the overlapping slots, but not in more than one overlapping slot. 
· Alt. 4: the UE does not expect a semi-static PUCC cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot. 



Our first preference is Alt 4. PCell has equal or smaller SCS more other SCells typically. Actually, we have a similar problem in Rel-15, which is UCI multiplexing on PUSCH, quoted below from 38.213. Clearly, PUCCH SCS is always smaller than a PUSCH SCS if it has to multiplex on that SCell. 
	38213 section 9: 
A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration  UCI of same type that the UE would transmit in PUCCHs in different slots with SCS configuration  if . 



Considering, it is basically the same situation that whether or not to allow smaller length of PCell slot comparing to a target PUCCH slot. From this point of view, we think same limitations can directly applied. Alt 4 is preferred, using same strategy as Rel-15.
Proposal 8. For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot,  
· Alt. 4: the UE does not expect a semi-static PUCC cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot. 
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following proposals.
Proposal 1. Support Mod Proposal 2.7.2: For interaction joint operation of SPS HARQ deferral and PUCCH repetition, the following is adopted: 
· If the PUCCH format or PUCCH resource in the initial or/ target slot has a PUCCH repetition factor larger than 1, the PUCCH repetition for SPS HARQ-ACKs follows the R16 rule without considering the rules/limitations of SPS deferral
· Note: Parallel deferral procedures are prevented. Depending on the PUCCH format and / or PUCCH resource and its associated PUCCH repetition factor in the initial or/ target slot, deferral is prevented (for K>1). 
Proposal 2. Do not support the joint operation of SPS HARQ-ACK deferral and 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. Support Alt 2 or Alt 3 for indicating of Type 3 HARQ-ACK when more than one are configured.
· Alt. 2: is able to scheduled PDSCH:
· If PDSCH is being scheduled (i.e., valid FDRA), the DCI triggers the first enhanced Type 3 HARQ-ACK codebook from the list; 
· If PDSCH is not scheduled (i.e., FDRA all ‘0’ or ‘1’), some unused DCI field in the triggering DCI is used to indicate which enhanced Type 3 HARQ-ACK codebook is triggered 
· Alt. 3: an N-bit DCI field for triggering included, one state indicating ‘not trigger’ whereas the remaining signalling states can be used to indicated one of up to M different enh. Type 3 CBs. N is defined as N=log2 (M+1)
Proposal 5. Support Mod 4 Compromise proposal 3.2.9: If more than one enhanced Type 3 HARQ-ACK codebook is configured, the triggering DCI with the single triggering bit set to ‘1’
· If the triggering DCI does not schedule PDSCH (i.e., FDRA all ‘0’ or ‘1’), some unused DCI field in the triggering DCI is used to indicate which enhanced Type 3 HARQ-ACK codebook is triggered
· FFS which unused DCI field(s) are to be used 
· FFS: whether/how the triggering DCI can schedules PDSCH (i.e., valid FDRA) 
Proposal 6. On the definition of some ‘PUCCH slot offset’ for dynamically indicating the HARQ-ACK codebook(s) / PUCCH occasions to be re-transmitted:
· Alt. 1: n = m - HARQ_retx_offset
Proposal 7. For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e. multiple target PUCCH cell slots overlapping with a single PCell slot),  the following PUCCH cell slot is used for UCI transmission:
· Alt. 1: the first target PUCCH slot overlapping with the PCell slot
Proposal 8. For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot,  
· Alt. 4: the UE does not expect a semi-static PUCC cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot. 
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