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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]During RAN 88e meeting, a revised WID of Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR was approved. The first objective is about whether some physical layer feedback enhancements should be studied and specified for URLLC, including HARQ-ACK and CSI feedback enhancements. The objective is showed below.
1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 

This contribution provides initial thoughts on Physical Layer UE feedback enhancements for HARQ-ACK [RAN1].
Discussion
 Support avoiding SPS HARQ-ACK dropping for TDD
· SPS HARQ-ACK deferring condition
[bookmark: OLE_LINK12]In RAN1#104-e meeting, it has been agreed to discuss HARQ-ACK feedback enhancements for TDD DL SPS with high priority, and a following agreement has been made:
Agreements:
· [bookmark: _Hlk62406356]Support deferring SPS HARQ-ACK dropped due to TDD specific collisions until a next available PUCCH in Rel-17 based on semi-static configuration of slot format
· FFS: Details (including possible conditions for such a deferring, whether or not to consider semi-statically configured flexible symbols for PUCCH availability, etc.)
· Aim for minimal standardization efforts and UE complexity in implementation

If the SPS PUCCH resource is not available at the slot/sub-slot indicated in activation DCI and a PUCCH HARQ-ACK for dynamic PDSCH is transmitted on a same slot/sub-slot, the SPS HARQ-ACK can be multiplexed with dynamic PDSCH HARQ-ACK on a PUCCH resource configured in PUCCH-ResourceSets. Otherwise, if no dynamic PDSCH HARQ-ACK is configured to transmit on the same slot/sub-slot, the other configured PUCCH resources (e.g., PUCCH-ResourceSet, multi-CSI-PUCCH-ResourceList) that do not overlap with invalid symbols can also be used to transmit SPS HARQ-ACK. For all the configured PUCCH resources, a default rule can be used to choose one resource, e.g., the one with small resource index or the one with earliest starting symbol. In this way, the SPS delay can be reduced due to more available PUCCH resources and DCI miss detection issue can also be better handled. 
Proposal 1. Other configured PUCCH resources (e.g., PUCCH-ResourceSet, multi-CSI-PUCCH-ResourceList) can also be used to transmit SPS HARQ-ACK regardless multiplexing with dynamic PDSCH HARQ-ACK or not.
Proposal 2. For all the other configured PUCCH resources, a default rule can be used to choose one resource, e.g., the one with small resource index or the one with earliest starting symbol.

· [bookmark: _Hlk62747561]SPS HARQ-ACK deferral configuration
Agreements:
Further down-select between the following two options for SPS HARQ-ACK deferral: 
· Option 1: Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group 
· Note: any SPS HARQ-ACK within a PUCCH cell group in principle is subject to deferral
· Option 2: The SPS HARQ-ACK deferral is configured per SPS configuration
· Note: part of sps-config, only HARQ-ACK of SPS PDSCH configurations configured for deferral is in principle subject to deferral

Option 1 is simpler to implement, while Option 2 is more flexible. For example, some traffics transmit frequently and have very short period, they may not need retransmission to some extent. Delaying the HARQ-ACK feedback to later slot may waste PUCCH resources and outperform packet survival time. So SPS configurations related to such traffics do not need to configure SPS HARQ-ACK deferral function. We prefer Option 2 here. 
Proposal 3. The SPS HARQ-ACK deferral is configured per SPS configuration

· SPS HARQ-ACK deferral limit
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Agreements: For SPS HARQ-ACK, the deferral from the initial slot/sub-slot determined by k1 in the activation DCI to the target slot/sub-slot determined by k1+ k1def, the UE will check the validity (TBD) of a target slot/sub-slot evaluating from one slot/sub-slot to the next sub/sub-slot (i.e. in principle k1def granularity is 1 slot/sub-slot)
· FFS: if there is a limit on the minimum deferral considered the required UE processing (k1def ≥0 >1)  
· FFS: if there is a limit on the maximum deferral given in terms of e.g. k1def <=X or k1+k1def <=X

In order to constraint the type 1 codebook size and avoid the transmission delay being larger than the packet survive time, it is reasonable to have a limit on the maximum deferral. It can be configured by RRC signalling for each SPS configuration. 
Proposal 4.  For SPS HARQ-ACK, a limit on the maximum deferral should be introduced.

· PUCCH repetition enhancement
Agreements: Support PUCCH repetition for PUCCH formats 0 and 2 at least for sub-slot based PUCCH repetition. 
· FFS: Support for slot-based PUCCH repetition

Since the repetition for PUCCH formats 0 and 2 has been supported for sub-slot based PUCCH repetition, it is natural to also support slot-based PUCCH repetition for reliability enhancement. In addition, considering the latency issue, at least repetition number of 2 should be supported, which is also in accordance with Rel-17 eMIMO characters for multi-TRP transmission. 
Proposal 5.  Support slot-based PUCCH repetition for PUCCH formats 0 and 2.
[bookmark: _GoBack]
 PUCCH carrier switching for HARQ feedback 
In RAN1#104-e meeting, a following agreement has been made regarding PUCCH carrier switching:
Agreements: For further study on whether and how to support PUCCH carrier switching in a PUCCH group, focus on the following three alternatives:
· Alt. 1: PUCCH carrier switching is based dynamic indication in DCI
· [bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK26]Alt. 2B: PUCCH carrier switching is based on certain (semi-static) rules
· Alt. 2C: PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells
· [bookmark: OLE_LINK19][bookmark: OLE_LINK20]Note: In above alternatives, it is assumed that HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group, can be sent on a PUCCH on an Scell also instead of only on Pcell/PScell/PUCCH-SCell in the same PUCCH group, as opposed to Rel-16 where HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group can only be sent on Pcell/PScell/PUCCH-SCell in the same PUCCH group.
· Note: Realistic deployment scenarios including TDD configurations should be considered for the study
[bookmark: OLE_LINK25]Regarding above alternatives, Alt. 1 is more flexibility but it needs more downlink resource and DCI overhead. In additional, DCI miss detection is also a critical issue that may cause misunderstanding between gNB and UE. Alt. 2B provides a predicated behaviour for CC selection which is known by both gNB and UE, so addition signalling is not needed, and the flexibility is also acceptable. Alt. 2C is also a semi-static manner based on the prediction on the TDD pattern, but it still needs some extra signalling. Overall, we prefer Alt. 2B here. 
Proposal 6. Support PUCCH carrier switching to be based on certain (semi-static) rules. 

 Retransmission of cancelled HARQ 
Among the current proposed solutions to deal with retransmission of cancelled HARQ, enhancement type3 codebook is an effective way and has little spec affect, so it can be used as a starting point. Consider that the priority of HARQ-ACK with same HARQ process may change during transmission, if a DCI is received to trigger type3 codebook transmission, all configured HARQ-ACK process should be included regardless of the previous priorities. Moreover, the priority of the type3 codebook can follow the priory indicated in the triggering DCI. 
Proposal 7. Support enhancement type3 codebook for retransmission of cancelled HARQ.
Proposal 8. If a DCI is received to trigger type3 codebook transmission, all configured HARQ-ACK process should be included regardless of the previous priorities.

 SPS HARQ-ACK skipping for ‘skipped’ SPS PDSCH
In previous meetings, a following agreement has been made with respect to SPS HARQ-ACK skipping for ‘skipped’ SPS PDSCH:
Agreements: For the studies on SPS HARQ skipping for skipped SPS PDSCH, the further discussions should focus on the following reduced sets methods:
· ‘NACK skipping’ for (skipped) SPS PDSCH (Alt. 1)
· FFS: details including at least when to skip the HARQ-ACK as well as NACK skipping configuration details (per SPS or group of SPS configurations etc.)
· Note: this alternative assumes inherently no identification of a skipped SPS PDSCH by the UE
· Dynamic indication of skipped SPS PDSCH occasions (Alt. 3)
· FFS: details including dynamic indication methods such as e.g. DCI, MAC CE, specific DM-RS instead of SPS DM-RS, …

For the above two methods, Alt. 1 can avoid unnecessary UL interferences without bringing any additional DL signalling overhead, thus is more preferred here. 
[bookmark: OLE_LINK1]For NACK skipping, both skipped and non-skipped SPS PDSCH can apply this scheme if all feedback bits in the PUCCH are NACK. This is because gNB is aware of the SPS PDSCH is actually sent out or not, and it can distinguish between false alarm and PDSCH detection failure if no PUCCH is received (NACK). So there would be no ambiguous between gNB and UE. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]The NACK skipping scheme can be configured by RRC signalling for all configured SPSs. That is because if NACK skipping scheme is configured per SPS or per group of SPS, e.g., SPS index 1 is configured with NACK skipping but SPS index 2 is not, and these two SPS PDSCHs are all NACK and are scheduled to feedback together. In this case, NACK skipping is performed or not is a question, and may cause confusions. So configuring NACK skipping function for all configured SPSs by higher layer is an effective and simple solution. 
Proposal 9. NACK skipping should be supported, and it can be applied by both skipped and non-skipped SPS PDSCH.
Proposal 10. NACK skipping scheme can be configured by higher layer signalling for all configured SPSs.

[bookmark: OLE_LINK8] SPS HARQ payload size reduction (of non-skipped SPS PDSCH) 
In previous meetings, a following agreement has been made on the issue of SPS HARQ-ACK skipping for ‘skipped’ SPS PDSCH:
Agreements: For the studies on SPS HARQ payload size reduction (of non-skipped SPS PDSCH), the further discussions should focus on the following reduced sets of methods:
1. ACK skipping (NACK-only) (Alt. 1)
0. FFS: Details
1. NACK skipping (ACK-only) (Alt. 2)
1. FFS: Details
1. HARQ bundling / compression (Alt. 3)
2. FFS: Details including HARQ bundling / compression window, bundling / compression technique
1. HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4)
3. The skipping / disabling is higher-layer configured per SPS configuration
3. FFS: HARQ-ACK skipping behaviour for Type 1 CB

Among above methods, Alt.2 should be supported at least since it can be applied for both skipped and non-skipped SPS PDSCH as mentioned before. Besides Alt.2, considering the reliability requirement of URLLC systems are generally high for non-skipped SPS PDSCH, decoding results are ACK for most of the cases, ACK skipping can also be considered to simplify the UE encoding complexity and reduce UL interferences. 
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Proposal 11. ACK skipping scheme can be considered for SPS HARQ payload size reduction of non-skipped SPS PDSCH.

 Type 1 HARQ-ACK codebook based on sub-slot PUCCH configuration 
In Rel-16 URLLC, type 1 codebook is not supported for sub-slot based HARQ-ACK transmission. However, the reliability of type 2 codebook may be greatly affected by DCI false alarm, especially when a single cell is configured and no total DAI indication exists. Considering this, sub-slot based type1 HARQ-ACK codebook should be supported in Rel-17 URLLC to further enhancement UCI reliability and flexibility.
Meanwhile, since the available symbol resource for sub-slot PUCCH is generally smaller than that of slot based PUCCH, the codebook size needs to be constrained to grantee the UCI decoding reliability. Note that the type 1 codebook size is a multiple of configured number of K1 values, configuring a relatively small set of K1 values may be an effectively way to reduce the codebook size. 
Proposal 12. Support sub-slot based type1 HARQ-ACK codebook in Rel-17 URLLC to further enhancement UCI reliability. 
Proposal 13. The codebook size should be constrained for sub-slot based type 1 codebook. 

[bookmark: OLE_LINK13]2.6.1 Type 1 HARQ-ACK codebook generation procedure
A sub-slot based type 1 codebook generation can follow a similar process as Rel-15 slot based type 1 codebook, which can be given as below:
1. For a UCI to be sent in sub-slot n, determine the union set of K1 values in unit of sub-slot according to the DCI formats the UE is configured to monitor PDCCH. 
2. Determine the union set of row indexed of TDRAs for DCI formats the UE is configured to monitor PDCCH
a) At sub-slot n-K1 with the given value K1, all the PDSCH occasions (end symbols are whining sub-slot n-K1) indicated in the TDRA tables configured by higher layers are considered to determine the codebook size. 
b) If PDCCH starting symbol as the reference of SLIV is supported, the corresponding SLIVs with starting symbol  replaced by  should also be added into candidate PDSCH occasion sets.
3. [bookmark: OLE_LINK6][bookmark: OLE_LINK7]The PDSCH occasions that conflict with TDD DL/UL configuration are removed first. The remaining PDSCH occasions selection for determining the codebook size is given as  the procedure below:
1) Select T to be smallest end symbol index of all the available SLIVs in sub-slot n-K1.
2) Move the corresponding SLIV with ending symbol T into the chosen SLIV set .
3) Cancel the remaining SLIVs that starts no later than T. 
4) Go back to step 1) until all the SLIVs ending in sub-slot n-K1 are looped and get the final SLIV set  to generate HARQ-ACK bits.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
Proposal 1. Other configured PUCCH resources (e.g., PUCCH-ResourceSet, multi-CSI-PUCCH-ResourceList) can also be used to transmit SPS HARQ-ACK regardless multiplexing with dynamic PDSCH HARQ-ACK or not.
Proposal 2. For all the other configured PUCCH resources, a default rule can be used to choose one resource, e.g., the one with small resource index or the one with earliest starting symbol.
Proposal 3. The SPS HARQ-ACK deferral is configured per SPS configuration
Proposal 4.  For SPS HARQ-ACK, a limit on the maximum deferral should be introduced.
Proposal 5.  Support slot-based PUCCH repetition for PUCCH formats 0 and 2.
Proposal 6. Support PUCCH carrier switching to be based on certain (semi-static) rules. 
Proposal 7. Enhancement type3 codebook should be supported for retransmission of cancelled HARQ.
Proposal 8.If a DCI is received to trigger type3 codebook transmission, all configured HARQ-ACK process should be included regardless of the previous priorities.
Proposal 9. NACK skipping should be supported, and it can be applied by both skipped and non-skipped SPS PDSCH.
Proposal 10. NACK skipping scheme can be configured by higher layer signalling for all configured SPSs.
Proposal 11. ACK skipping scheme can be considered for SPS HARQ payload size reduction of non-skipped SPS PDSCH.
Proposal 12. Support sub-slot based type1 HARQ-ACK codebook in Rel-17 URLLC to further enhancement UCI reliability. 
Proposal 13. The codebook size should be constrained for sub-slot based type 1 codebook. 
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