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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
Maximum deferral and PUCCH repetition
There were remarkable process during RAN1 106e meeting, only a couple of open issues were left. One issue is the relationship with maximum deferral value and PUCCH repetition number. From our point of view, we would like to have unified solution for this maximum deferral value, regardless of PUCCH repetition number. One solution is using the first slot of PUCCH as the reference point for this deferral judgement. Thus, we have the following proposal.
Proposal 1. For SPS HARQ-ACK deferral, the maximum deferral value in terms of k1+k1def is the latest PUCCH starting slot, no matter with actual PUCCH repetition number. 
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.
 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 X maximum number of supported simultaneously configured CBs that can be dynamically indicated. 
Agreement
For enh. Type 3 HARQ-ACK CB(s), support dynamic selection based on indication in the triggering DCI of one of at least one enh. Type 3 HARQ-ACK CB(s). 
· Each of the at least one enh. Type 3 HARQ-ACK CBs is at least defined by RRC configuration This includes the option to configure all DL HARQ processs of all configured CCs as one enh. Type 3 HARQ-ACK CB (resulting in same structure and size as the Rel-16 Type 3 HARQ-ACK CB)
· This includes UE capability signaling (value range {1…X}) on the maximum number of supported simultaneously configured enh. Type 3 HARQ-ACK CBs that can be dynamically indicated 
· Details including the value of X are FFS

It is not expected large value for X. From our perspective, X can be equal or less than 3. These three codebooks can be legacy Type 3 CB, HARQ processes of a subset of configured CCs, and a subset of configured HARQ processes. These three types can cover the most use cases for triggering conditions. 
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. According to this dynamic selection of enhanced Type 3 CB, considering the X value would not be very large, such as we proposed X is smaller than 3, Option 1 proposed in last meeting as shown in the following was preferred. Because up to 2bits are needed, and it is just an extension comparing Rel-16 Type 3 CB triggering. It is simpler and easier to support this feature. 
Question: In case the dynamic selection of enh. Type 3 CB is supported (i.e. Alt.1), which of the following alternatives do you support: 
· Option 1: There is 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)
· Note: for this operation the DCI overhead is increased for M>1 compared to Alt. 1, but this allows to trigger the enh. Type 3 CB and scheduled PDSCH with the same time DCIO
· Note: a restriction to a maximum of 2 enh. Type 3 CBs as discussed in GTW would not be using the signaling space optimally. Supporting up to 3 would lead to the same DCI overhead of 2bits
· Note: if only one enh. Type 3 CB is configured (i.e. M=1) there is no additional overhead
· Option 2: There is a 1-bit triggering DCI field (as for Rel-16 enh. Type 3 CB). 
· If one a single enh. Type 3 CB is configured (M=1), the triggering DCI can schedule also a PDSCH, which corresponds to Option 1 of Alt. 1 and Alt. 2. 
· If more than one enh. Type 3 CB are configured (i.e. M>1), and DCI field indicates the triggering, the DCI cannot be used to scheduled PDSCH and some unused field (e.g. HARQ ID, PDSCH FDRA,…) is used to indicate the enh. Type 3 CB to be triggered. 
· Note: for this operation the DCI overhead is not compared to Alt. 2, but for M>1 this does not allow to trigger the enh. Type 3 CB and scheduled PDSCH with the same time DCI
· Note: a restriction to a maximum of 2 enh. Type 3 CBs as discussed in GTW does not really decrease the DCI overhead
· Option 3: Other
Thus, we have two proposals: 
Proposal 3. UE capability signalling to report X (equal or smaller than 3) maximum number of supported simultaneously configured CBs that can be dynamically indicated
Proposal 4. Support Option 1: There is 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. 
Agreement 
The DCI triggering (by a DL assignment) the one-shot HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB dynamically indicates the HARQ-ACK codebook(s) / PUCCH occasions to be re-transmitted. 
· FFS details 

Agreement 
A single DCI triggering the Rel-17 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 can trigger the re-transmission of HARQ-ACK information of only a single HARQ-ACK CB. 
Agreement 
The Rel-17 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 is done through an explicit triggering indication in the DCI through a DCI field. 
Agreement 
Support PHY priority handling for the Rel-17 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. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the re-transmitted HARQ-ACK information.
· The indicated PHY priority in the triggering DCI is used to determine the HARQ-ACK information to be re-transmitted corresponding to the indicated PHY priority. 
Agreement
For Rel-17 one-shot triggering for HARQ-ACK re-transmission, the UE does not expect more than one triggering DCI for Rel-17 one-shot feedback indicating the same PUCCH slot for the re-transmission of HARQ-ACK CBs of different PUCCH slots to be re-transmitted
· Note: i.e. only a single HARQ-ACK codebook / PUCCH occasion can be re-transmitted in a PUCCH slot

There are still some open issues for Rel-17 one-shot triggering.
Regarding the triggering DCI details in terms of DCI field usage & ability to scheduled PDSCH at the same time. Based on the FL’s summary, our preference is Alt 3. 
Question 3.5.1: Which of the following alternatives on the triggering details of the Rel-17 one-shot triggering do you support?
· Alt. 1: A 1-bit DCI field is used to support the explicit triggering indication. A separate N-bit DCI field is included in the DCI for the dynamic indication of the HARQ-ACK codebook / PUCCH occasion to be re-transmitted. 
· Note: N+1 bit DCI overhead. This enables the triggering DCI to schedule PDSCH at the same time. 
· Alt. 2: A N-bit DCI field is included to the triggering DCI, where one state indicates ‘no triggering’ and the remaining 2^N-1 states are used for the dynamic indication of the HARQ-ACK codebook / PUCCH occasion to be re-transmitted.
· Note: N-bit DCI overhead. This enables the triggering DCI to schedule PDSCH at the same time
· Alt. 3: A 1-bit DCI field is used to support the explicit triggering indication. If the triggering DCI indicates ‘triggering’, the DCI is not scheduled PDSCH at the same time and some DCI field (such as the HARQ-ID field) is used for the dynamic indication of the HARQ-ACK codebook / PUCCH occasion to be re-transmitted.
· Note: 1-bit DCI overhead. A triggering DCI indicating ‘1’ or ‘trigger’ does not support to schedule PDSCH. 
· Alt. 4: Other
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. So Alt 3 is more preferred. 
According to ‘Offset’ indication (i.e. how to indicate the HARQ-ACK codebook for re-transmission), we prefer Alt 2 from Question 3.5.2 more than Alt 1. 
Question 3.5.2: On the definition of some ‘PUCCH slot offset’ for dynamically indicating the HARQ-ACK codebook(s) / PUCCH occasions to be re-transmitted:
· Alt. 1: the PUCCH slot offset defines the offset between the triggering DCI and the PUCCH slot of the HARQ-ACK codebook to be re-transmitted (see Fig. 4 from CATT above)
· Alt. 2: the PUCCH slot offset defines the offset between the new PUCCH slot for transmission and the PUCCH slot of the HARQ-ACK codebook to be re-transmitted (see Fig. 5.1 from Nokia above)
· Alt. 3: Other 
Because, Alt 1 needs to indicate minus values which is not preferred. In addition, Alt 1 also need to define the time unit for offset between the triggering DCI and the cancelled PUCCH slot. Such as DL slot numerology or UL slot numerology. So Alt 2 is more straight forward and easier to get the offset.
Proposal 5. For Rel-17 one-shot triggering, Alt. 3 is supported:
· A 1-bit DCI field is used to support the explicit triggering indication. If the triggering DCI indicates ‘triggering’, the DCI is not scheduled PDSCH at the same time and some DCI field (such as the HARQ-ID field) is used for the dynamic indication of the HARQ-ACK codebook / PUCCH occasion to be re-transmitted.
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. 2: the PUCCH slot offset defines the offset between the new PUCCH slot for transmission and the PUCCH slot of the HARQ-ACK codebook to be re-transmitted (see Fig. 5.1 from Nokia above)
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
[bookmark: _GoBack]In this contribution, we made the following proposals.
Proposal 1. For SPS HARQ-ACK deferral, the maximum deferral value in terms of k1+k1def is the latest PUCCH starting slot, no matter with actual PUCCH repetition number. 
Proposal 2. Do not support the joint operation of SPS HARQ-ACK deferral and PUCCH carrier switching in Rel-17.
Proposal 3. UE capability signalling to report X (equal or smaller than 3) maximum number of supported simultaneously configured CBs that can be dynamically indicated
Proposal 4. Support Option 1: There is 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. For Rel-17 one-shot triggering, Alt. 3 is supported:
· A 1-bit DCI field is used to support the explicit triggering indication. If the triggering DCI indicates ‘triggering’, the DCI is not scheduled PDSCH at the same time and some DCI field (such as the HARQ-ID field) is used for the dynamic indication of the HARQ-ACK codebook / PUCCH occasion to be re-transmitted.
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. 2: the PUCCH slot offset defines the offset between the new PUCCH slot for transmission and the PUCCH slot of the HARQ-ACK codebook to be re-transmitted (see Fig. 5.1 from Nokia above)
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