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1. Introduction 
In RAN#88e meeting [1], revised WID for enhanced Industrial Internet of Things (IoT) and URLLC support is approved and the objectives of the Work Item include study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering UE feedback enhancements for HARQ-ACK and CSI. In previous RAN1 meetings, the following agreements were achieved [2][3][4]:

Agreements:

Support Rel-17 enhancements to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol. 

· This topic is to be considered as high priority

· FFS detailed solution(s)

Agreements: To address the issue of SPS HARQ-ACK dropping for TDD systems, focus on the following two options: 

· Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
· FFS: Details including the definition of a next (e.g, first) available PUCCH, CB construction / multiplexing 
· Option 2: Dynamic triggering of a one-shot / Type-3 CB type of re-transmission
· FFS: Details on triggering and/or CB construction (incl. potential Type-3 CB optimizations) / multiplexing 
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, …
Agreements:

· 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
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

Agreements: Support sub-slot based PUCCH repetition for HARQ-ACK based on the Rel-16 PUCCH procedure for slot-based PUCCH applied to sub-slot based PUCCH

· Note: the intention is to take the Rel-16 slot-based PUCCH by replacing with “sub-slot” appropriately, without further optimization unless necessary

· FFS whether or not there is any restriction for the applicability of sub-slot based PUCCH repetition for HARQ-ACK
· Dynamic repetition indication is supported also for sub-slot based PUCCH in Rel-17
· FFS: if the method to be specified in Cov. Enh WI for slot-based PUCCH repetition can be directly applied to sub-slot PUCCH or if changes are needed

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
Agreements: Rel-16 UCI multiplexing  / PUCCH overriding rules are reused for deferred SPS HARQ-ACK in the target slot, if applicable.

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

Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the initial slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.

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
· 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
· 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
In this contribution, we have some discussion regarding SPS HARQ-ACK deferral, SPS HARQ-ACK skipping and type-1 HARQ-ACK codebook based on sub-slot PUCCH config.
2. Discussion on SPS HARQ-ACK deferral for TDD
With shorter SPS periodicity down to 1 slot, the collision between SPS HARQ-ACK resource and semi-static UL/DL configuration would happen frequently especially for DL heavy TDD frame structure. Take figure 1 as an example, 2.5ms periodicity with DDDDU is configured by semi-static UL/DL configuration and SPS periodicity is 1 slot, K1 = 1 is indicated in the activation DCI, that is, if R15 mechanism is reused, the HARQ-ACK for SPS PDSCH in slot #1#2#3 would be nowhere to feedback due to collision with semi-static UL/DL configuration. In such a case, the performance of DL SPS would be decreased since many SPS PDSCHs need to be retransmitted. Therefore, it was agreed in RAN1 #102e to solve issue of HARQ-ACK dropping for TDD as high priority.
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Figure 1: Illustration of SPS HARQ-ACK dropping for TDD
In RAN1 #104e meeting, it was agreed to 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, and for the determination of valid symbols in the initial slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’. Other details still need discussion, including possible conditions for such a deferring, whether or not to consider semi-statically configured flexible symbols for PUCCH availability, etc.
For determination of a next available PUCCH, it is simple and robust to not take into account the semi-statically configured flexible symbols since these symbols may be determined as downlink symbols based on the dynamic scheduling.

Proposal 1: Semi-statically configured flexible symbols are not taken into account for determination of a next available PUCCH.
In addition, some enhancements should be done to both type-1 and type-2 HARQ-ACK codebook construction if SPS HARQ-ACK is deferred. For type-1 HARQ-ACK codebook, the K1 set and corresponding candidate PDSCH set need to be enlarged to accommodate the HARQ-ACK bits for deferred SPS HARQ-ACK. For type-2 HARQ-ACK codebook, in R15 and R16 one HARQ-ACK bit for one activated SPS PDSCH reception is added at the end of the HARQ-ACK codebook which would be not enough to accommodate HARQ-ACK bits for deferred SPS HARQ-ACK. Therefore, the total bits to be appended for one activated SPS configuration needs to contain all the HARQ-ACK bits for SPS PDSCH reception activated from slot n- K1,c -T+1 to slot n- K1,c, where K1,c is the PDSCH-to-HARQ-feedback timing value in DCI activating the corresponding SPS configuration.

Proposal 2: Both type-1 and type-2 HARQ-ACK codebook construction need to be enhanced to accommodate the deferred SPS HARQ-ACK bits.

3. SPS HARQ skipping for ‘skipped’ SPS PDSCH
In R16, DL SPS is enhanced to support IIoT traffic, however, the periodicity of some IIoT traffic is not aligned with configured SPS periodicity, i.e. 0.833ms for smart grid. The periodicity misalignment between SPS configuration and IIoT traffic can be resolved by over-provision of SPS resources, i.e. use multiple active SPS configurations or use single active SPS configuration with shorter periodicity. There would be some empty SPS PDSCH occasions with either solution mentioned above. However, SPS skipping is not supported in R16 which means that UE needs to decode SPS PDSCH and feedback HARQ-ACK even for the empty PDSCH occasions. This is not friendly to UE power consumption and may impact PUCCH reliability due to relatively large HARQ-ACK overhead. Therefore, it was agreed in RAN1 103-e meeting to study SPS HARQ-ACK skipping for skipped SPS PDSCH and focus on two methods, the first one is NACK skipping without identification of a skipped SPS PDSCH, while the other alternative is dynamic indication of skipped SPS PDSCH occasions.  For alt 1, UE skips NACK without identifying skipped SPS PDSCH, this simplifies the procedure since UE does not need to differentiate whether the SPS PDSCH is skipped or wrongly decoded. However, it is beneficial only for the case when a codebook with only DL SPS HARQ-ACK feedback and all of them are NACK. For the other alternative, with skipped SPS PDSCH identification, it would be beneficial for both type-2 HARQ-ACK codebook and SPS HARQ-ACK only case. Furthermore, reliable dynamic indication can avoid misalignment between gNB’s and UE’s understanding about the codebook size. Therefore, dynamic indication of skipped SPS PDSCH occasions is more preferred. Since the performance of SPS PDSCH DMRS detection may be not reliable enough due to intra-cell interference, so DCI or MAC CE can be further considered. 
Proposal 3: For SPS HARQ skipping for ‘skipped’ SPS PDSCH, dynamic indication of skipped SPS PDSCH occasions is supported.
4. Type 1 HARQ codebook based on sub-slot PUCCH config 

It has been discussed in RAN1 #103e to clarify if Type-1 HARQ-ACK codebook is supported for sub-slot and the following conclusion was reached:

Conclusion
Type-1 HARQ-ACK codebook is not supported for sub-slot based HARQ-ACK feedback in Rel-16.
From our perspective, type-1 HARQ-ACK codebook achieves some benefit such as its robustness towards last PDCCH miss detect probability. Some companies may have concern of the serious redundancy when sub-slot-based HARQ-ACK feedback is introduced in R16. However, this can be avoided by separate K1 set configuration and some SLIV splitting. Other companies may argue that the DCI reliability is high enough in R16 and last PDCCH miss detecting possibility would be low enough. However, although almost all of the field in DCI format 2_0/2_1 is configurable and the size of DCI format 2_0/2_1 can be lower than fallback DCI, it is achieved under the premise of limited scheduling flexibility. In addition, considering the PDCCH blocking probability, the reliability of DCI may not high enough and type-2 HARQ-ACK codebook would lead to some risk on successful HARQ-ACK feedback. Furthermore, as discussed in Rel-16, not only URLLC, but also eMBB can use sub-slot based HARQ feedback procedure, and PDCCH scheduling eMBB may not have high reliability. Therefore, it is preferred that type-1 HARQ-ACK codebook should be supported for sub-slot-based HARQ-ACK feedback.
Proposal 4: Support Type 1 HARQ codebook based on sub-slot PUCCH config in R17.
5. Conclusions

Based on the above discussions, the proposals are as follows:
Proposal 1: For determination of a next available PUCCH, the semi-statically configured flexible slot/sub-slot could be considered if PUCCH resources are semi-statically configured in it.
Proposal 2: Both type-1 and type-2 HARQ-ACK codebook construction need to be enhanced to accommodate the deferred SPS HARQ-ACK bits.

Proposal 3: For SPS HARQ skipping for ‘skipped’ SPS PDSCH, dynamic indication of skipped SPS PDSCH occasions is supported.
Proposal 4: Support Type 1 HARQ codebook based on sub-slot PUCCH config in R17.
6. References

[1] 3GPP RAN#88e, RP-201310, Revised WID: Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR.
[2] Chairman’s notes RAN1 #102-e, Aug, 2020.
[3] Chairman’s notes RAN1 #103-e, Oct, 2020.
[4] Chairman’s notes RAN1 #104-e, Jan, 2021.
DL#1
DL#2
DL#3
DL#4
UL#5
DL#6
DL#7
DL#8
DL#9
UL#10
SPS periodicity = 1 slot
K1=1 
in activation DCI
Available UL slot
Nowhere to feedback HARQ-ACK



