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[bookmark: _Ref178064866]After several RAN1 meetings in this agenda item and additional scoping decisions in RAN plenary, the following enhancements to HARQ feedback are planned to be specified as per agreements with most details open at this stage:
· SPS HARQ-ACK deferring
· HARQ-ACK retransmission enhancement
· Sub-slot PUCCH repetitions
· Type 1 HARQ Code Book for sub-slot
· Dynamic PUCCH carrier switching
In this document, we go over each of the topics listed above to provide remaining design considerations. Views on other aspects of Rel.17 URLLC/IIOT are presented in [1]-[4].
SPS HARQ-ACK Deferring
There are several aspects to be considered for further detailed discussion.
Repetition handling
The group already agreed how to determine deferral condition from the initial slot/sub-slot to the intermediate slot/sub-slot, and how to decide on the target slot/sub-slot. In our understanding, the agreements were operating by the assumption of a single PUCCH transmission over single slot/sub-slot. However, if PUCCH is operated with slot or sub-slot repetitions, further clarification may be required. There are three issues:
· Issue 1: Whether to consider only initial PUCCH repetition or all PUCCH repetitions or a sub-set of PUCCH repetitions for checking the deferral condition
· Since the deferral is checked taking into account all multiplexing outcomes, it seems the initial PUCCH repetition is easier for handling. Alternatively, at least one any repetition from the number of repetitions may be checked for validity, i.e., if at least one repetition could be mapped into a candidate slot/sub-slot, then the deferral process is stopped. Note that requiring a UE to map all PUCCH repetitions may lead in many cases to excessive deferral and dropping.
· Issue 2: Behaviour if a deferred repeated PUCCH could not be mapped to some repetitions
· When the deferral stopped by fulfilling the conditions, some PUCCH repetitions could not still be mapped. Those are assumed to be dropped as per R15/16 procedures.
· Issue 3: According to current specifications, when PUCCH is configured with PUCCH repetitions, the overlap of such PUCCH of different types is either not expected, or resolved by dropping one which starts later, or which has lower priority. With enabled SPS HARQ-ACK deferral, this rule may further complicate the procedure since the same starting slot / sub-slot for different UCI types may not be avoidable by scheduling due to allowed deferral. We suggest relaxing this restriction for different UCI types when SPS deferral is enabled.
Proposal 1-1
· For SPS HARQ-ACK deferral,
· If PUCCH is configured with repetitions, the deferral conditions are checked only for the initial PUCCH repetition
· If a PUCCH repetition could not be mapped to UL slot/sub-slot, the PUCCH repetition is not transmitted
· For overlap of repeated PUCCH, when one of UCIs contains SPS HARQ-ACK with enabled deferral, the UE can expect the first PUCCH and any of the second PUCCHs to start at a same slot and include a UCI type with same priority. One of these UCIs can be dropped.

Maximum k1 value determination
During RRC parameters discussion, it was brought up that the maximum deferral k1 value was not agreed. Potentially there are several candidates:
· Consider 15, same as for other k1 values. This may simplify the overall procedure by reusing existing values. In this case Type-1 HARQ codebook size is not increased.
· Consider 31, or any intermediate value between 15 and 31. The motivation for a value > 15 is in providing more opportunities for a HARQ feedback to be successfully transmitted by adding more candidate slots/sub-slots. Furthermore, when sub-slot operation is enabled, the larger values may be useful for extending the absolute time between PDSCH and HARQ-ACK. Since sub-slot operation is assumed to be configured for all SPS configurations, but the deferral is configuration-specific, increasing the maximum bound can provide more flexibility in such mixed cases.

At this point we prefer that group considers k1_max > 15, especially to aid sub-slot based PUCCH operation.

Proposal 1-2
· For SPS HARQ-ACK deferral, support > 15 maximum bound for k1

Joint operation of SPS HARQ-ACK deferral and PUCCH carrier switching
Another issue is the joint operation of SPS HARQ-ACK deferral and PUCCH carrier switching.
For dynamic DCI based switching, it is not yet decided how / whether SPS HARQ-ACK (not related to the activation or release DCI) is multiplexed if the carrier is switched. If SPS HARQ-ACK in this case is agreed to be multiplexed together with dynamic HARQ-ACK on the switched carrier, then it may affect the deferral process. Thus, it may be considered that the deferral condition for SPS HARQ-ACK is checked in the slot/sub-slot of the carrier on which it would be transmitted.
For pattern-based switching, the carrier for SPS HARQ-ACK is known per slot/sub-slot, thus may be considered, similar as above, before checking the validity of PUCCH resource in the slot/sub-slot.
The main issue we see is consideration of different numerologies. In particular, the maximum deferral k1 value is configurable per DL SPS configuration, and each SPS configuration is provided per BWP and CC. When numerologies on switchable carriers are different, it is uncertain how to increment k1 and how to check the maximum k1 value, since k1 interpretation is different on different numerologies. Further, how the HARQ CB is constructed depends on multiple factors which may be specific to a given carrier. Overall, to avoid complications, we suggest that joint operation of SPS HARQ-ACK deferral and PUCCH carrier switching is not targeting different numerologies case. For the same numerology, we can consider the joint operation.
The other issue is dependency on decisions of DCI + pattern based PUCCH switching joint operation. This may further complicate the inter-operation with SPS HARQ-ACK deferral.

Proposal 1-3
· Do not support joint operation of SPS HARQ-ACK deferral and dynamic PUCCH carrier switching for the case of different numerologies on switchable carriers

HARQ-ACK Retransmission

Enhanced Type 3 HARQ-ACK codebook
One of the remaining aspects is the DCI signalling design for triggering eType 3 CB. Obviously, the Rel-16 design should be reused as much as possible, and only necessary deviations would be acceptable. Having this in mind, the “One-shot HARQ-ACK request” field in DCI is expected to be reused from regular Type 3 CB, and both options of DCI scheduling PDSCH and DCI not scheduling PDSCH (with FDRA field set to reserved values) should be supported.
Further, how the particular eType 3 CB is signalled, when “One-shot HARQ-ACK request” is set, should be discussed for the two different cases: PDSCH is scheduled and PDSCH is not scheduled.

PDSCH is not scheduled
In this sub-case, when FDRA signals the specific code-point, there is no PDSCH scheduled. Such a DCI only requests eType 3 CB, if any. In such a DCI, the other fields needed for PDSCH scheduling, e.g., HARQ ID or MCS, may be used to indicate one of the multiple configured eType3 CBs.
In terms of which particular fields are used in this case, it seems there are multiple candidates. We have a slight preference for MCS field, since it has the same size of 5 bits for both 1_1 and 1_2 formats, while other fields may be reduced to 0 bits for DCI format 1_2. If the flexible size fields are utilized, then DCI format 1_2 may require specific considerations, with the simplest rule that a UE is not expected to be configured with the number of eType3 CBs exceeding the signalling space of the DCI field in 1_2.

PDSCH is scheduled
In this sub-case, when FDRA signals a valid code-point, there is no other way than introduce a new bitfield for eType3 CB. There could be two alternatives:
· Alt. 1: Usage of DCI scheduling PDSCH for dynamic eType3 CB type indication is optionally configurable, with a new DCI field present in this case.
· Alt. 2: DCI scheduling PDSCH does not support eType3 CB type indication. E.g., the first entry of the RRC table with different CB types is always assumed when DCI schedules PDSCH and triggers eType3 CB.
In our view, Alt. 1 may be an optimization since Alt. 2 still provides the retransmission functionality together with PDSCH scheduling.

Proposal 2-1
· Support triggering of enhanced Type 3 CB transmission by DCI not scheduling other PDSCH
· “One-shot HARQ-ACK request” flag is reused, and whether it triggers Type3 or eType3 is configured by RRC
· The same condition on FDRA state is reused to indicate that DCI does not schedule PDSCH
· An unused field in DCI (e.g. MCS, HARQ ID, RV, etc) is utilized to indicate one of N RRC configured eType3 codebooks requested for retransmission
· Support triggering of enhanced Type 3 CB transmission by DCI scheduling PDSCH
· “One-shot HARQ-ACK request” flag is reused, and whether it triggers Type3 or eType3 is configured by RRC
· eType 3 CB is constructed according to the type provided by the first entry in RRC table for the dynamic eType3 CB type indication

One-shot triggering

For one-shot triggering it was agreed to indicate which PUCCH needs to be retransmitted. The most popular option to indicate the CB is a time offset to “past” from the DCI reception triggering the retransmission. There could be issues with the payload:
· Issue 1: Due to DCI misdetection, the PUCCH which was dropped (or transmitted) may not be reliably constructed. When this PUCCH is requested to be retransmitted, the payload of the retransmitted PUCCH may not be known. It may be OK to not enhance this case since the same uncertainty exists with the initial transmission of PUCCH. Alternatively, e.g., for Type 2 CB, additional total DAI may be used to derive CB size.
· Issue 2: There could be a potentially rare event when gNB requests PUCCH/CB retransmission which was completely missed by the UE initially, i.e., the UE did not receive any DCI which schedule HARQ-ACK feedback in the PUCCH requested to be retransmitted. To handle that, either all information about CB type and its size needs to be provided in the triggering DCI, or the UE may assume some default parameters, or may drop transmission of this requested PUCCH.

Proposal 2-2
· For one-shot triggering of dropped HARQ-ACK retransmission, RAN1 to consider handling of situations when DCI(s) (including all DCIs) scheduling HARQ-ACK in the dropped PUCCH were missed, and the PUCCU is requested to be retransmitted.

Sub-slot-based Type 1 HARQ codebook
It was also agreed in RAN1 that sub-slot-based Type 1 HARQ codebook is supported in Release 17. However, there are still debates on how to specify it, having in mind the guidance of “minimal spec changes”, with effective resulting operation.
There are two main issues, with alternative solutions being discussed in RAN1:
· Issue 1: For TDRA determination, whether to reuse the existing pseudo-code with some small revision, or totally change the existing pseudo-code structure, i.e., whether perform TDRA determination per UL sub-slot or per DL sub-slot
· Alt 1: Reuse the existing pseudo-code structure and add number of sub-slot  into existing equations. For example, small revision for ‘while’ sentence. while [image: ] -> to replace  with  . And revision for ‘if’ sentence may be needed,  “if [image: ]” -> replace   with , or . 
· Alt 2: Change the existing pseudo-code structure. Add a new paragraph (additional loop) to find DL sub-slots associated with each UL sub-slot.
· Firstly, loop all K1s to find all DL sub-slots overlapped with UL sub-slots determined by K1.
· Then, loop all DL sub-slots, to determine candidate location within each DL sub-slots. 
It is noted that, in case of different UL and DL SCS, e.g., UL SCS =15 KHz with 7 UL sub-slot and DL SCS=30 KHz, there are two different DL sub-slot length within a DL slot, wherein first 3 DL sub-slots are 4 symbols while last DL sub-slot is 2 symbols. In Rel-16 URLLC, similar design for UL sub-slot is excluded.   
· Issue 2: Whether TDRA pruning/grouping is performed per DL sub-slot or per DL slot
· Alt 1: Per DL slot
· Alt 2: Per DL sub-slot  
Besides the above issues, there are also some issues for using the ending symbol of PDSCH as a reference for K1=0 as agreed in last meeting for Rel-16 URLLC CR. When there are multiple UL slots (e.g., larger UL SCS than DL SCS) or UL sub-slots (even for same DL/UL SCS), for a given PUCCH slot, gNB may not schedule DL PDSCHs with some specific DL SLIVs, because there is no candidate PDSCH reception location associated with such DL SLIVs in the codebook. If we want to optimize such case, it also requires large standard effort, e.g., we need to define a new mechanism to avoid duplicated processing for the same DL slot instead of existing “if [image: ]”.

In summary, we don’t think any of the alternatives and combinations fulfil the “minimal spec change” requirement. However, if the decision needs to be made, our preference is Alt.1 in both Issue 1 and Issue 2, although it may provide some inefficiency in Type 1 CB construction.

Proposal 3-1
· For sub-slot-based Type 1 CB,
· Support TDRA pruning/grouping per DL slot after TDRA determination per UL sub-slot
PUCCH Repetitions Enhancements
First, as we highlighted during previous discussions, when sub-slot configuration of 2 symbols {2,2,2,2,2,2,2} is used, there is a limitation in terms of ensuring transient period gaps when transmission parameters change from repetition to repetition. As indicated in RAN4 reply LS [R1-2102297], in FR1 and FR2, at least one symbol transient is required with beam/allocation/power change. Having this in mind, for current sub-slot configuration of 2 symbols it is only possible to use 1-symbol short PUCCH in order to have 1-symbol gap between repetitions. To enhance this and allow 2-symbol short PUCCH to be repeated as well, a mechanism of invalid symbols is required.
In Figure 1, it is illustrated how 2-symbol short PUCCH repetition over 2-symbol sub-slots can be repeated w/o gaps (top-left), with inserted gaps (top-right), and with falling back to 1-symbol short PUCCH (bottom).


[bookmark: _Ref47736410][bookmark: _Hlk68598871]Figure 1. Illustration of enhanced PUCCH repetitions

How the gaps are inserted may be further considered:
· Alt. 1: X-symbol gap
· Alt. 2: Y-sub-slot gap
· Alt. 3: Invalid symbols pattern
When a hypothetical/nominal PUCCH repetition overlaps with an invalid/gap symbol, it may either be dropped or postponed to a next sub-slot.
Alternatively, if the group does not define any gap mechanism, such configurations requiring transients may be precluded by specification.

Proposal 4-1
· RAN1 to consider the following
· Alt. 1
· Introduce frequency hopping between sub-slot PUCCH repetitions
· For sub-slot PUCCH repetition, introduce a mechanism of skipping UL symbols during repetitions mapping, e.g., by a configurable X-symbol gap
· Alt. 2
· Do not support frequency hopping between sub-slot PUCCH repetitions

As for the case of UCI multiplexing, there could be many different details, however it is important to make PUCCH link budget consistent before multiplexing on PUSCH and after multiplexing on PUSCH. As illustrated in Figure 2, when two repetitions of a PUCCH collide with a PUSCH, the RE calculation formula could be updated to directly scale the number of REs two times. However, further discussion is needed to define specifically how to modify the UCI RE calculation formula, e.g., alpha or beta part, etc.



[bookmark: _Ref68598978]Figure 2. RE re-calculation for UCI multiplexing

Proposal 4-2
· If multiplexing of a repeated PUCCH on PUSCH is supported, the number of REs for UCI carrying HARQ-ACK on PUSCH is scaled with the number of PUCCH repetitions overlapped with a PUSCH
· FFS details

The aspect of prioritization also needs discussion together with intra-UE multiplexing in AI 8.3.3.

Additionally, the group have not yet discussed the number of sub-slots for PUCCH repetitions that could be indicated dynamically. In our view, in addition to 2, 4, 8 defined for semi-static PUCCH repetition configuration, at least 7 and 6 repetitions need to be defined to cover full slot by two-symbol sub-slots for Normal and Extended CP case respectively.

Proposal 4-3
· For sub-slot PUCCH repetition, the following values for the number of PUCCH repetition are defined in specification
· 2, 4, 6, 7, 8

Regarding the applicability to other UCI than HARQ-ACK, in general we are supportive of at least SR repetition, with the similar motivation as HARQ-ACK. The changes for that are not expected to be substantial. However, support of sub-slots and sub-slot repetitions for P-CSI may be questionable in terms of motivation. If specification work can be simplified by extending sub-slot PUCCH repetitions to all UCI types, we are supportive of this direction, but it may be further discussed whether to restrict CSI from using this mechanism.
PUCCH Carrier Switching
One important issue for dynamic DCI based PUCCH carrier switching is how to indicate the target carrier. The following high-level options were discussed:
· Reuse PRI field
· Reuse an extended PRI field
· Introduce a new PUCCH carrier ID field
In our understanding there is no need for a separate DCI field. This approach introduces the largest overhead since it does not consider unusable PUCCH carrier ID + PRI combinations. In fact, PRI field size needs to be the largest among different configured carriers.
Therefore, reusing PRI field or extended PRI field is preferred for the sake of keeping the compactness of the DCI size. Making the PRI field size more flexible than just 3 bits may introduce additional flexibility. Moreover, the needed functionality may be achieved in many cases by <= 3-bit indication by optimization of the viable PUCCH carrier ID + PUCCH resource combinations.

Proposal 5-1
· For dynamic PUCCH carrier indication in DCI, the definition of PUCCH Resource ID (PRI) is extended by indicating a pair of {PUCCH resource, PUCCH carrier}

Further, the feature of dynamic PUCCH carrier switching should be limited to HARQ-ACK UCI and SR UCI, when SR is multiplexed with HARQ. There is no motivation for CSI carrier switching other than potential simplification of multiplexing cases when both CSI and HARQ are triggered.

Proposal 5-2
· For dynamic PUCCH carrier indication in DCI, limit the UCI information for switching to HARQ-ACK and SR (when multiplexed with HARQ-ACK)

When dynamic HARQ-ACK is multiplexed with SPS HARQ-ACK, the switching may also be applied to SPS HARQ-ACK. Alternatively, the SPS HARQ-ACK may be subject to dropping, or a UE may not expect such combinations to happen.

Proposal 5-3
· If a time pattern for PUCCH for semi-static HARQ-ACK is not provided, the semi-static HARQ-ACK is multiplexed with dynamic HARQ-ACK on the carrier indicated for dynamic HARQ-ACK
· FFS if a time pattern for PCCH for semi-static HARQ is provided
Conclusions
In this contribution the UE HARQ feedback enhancements targeting URLLC/IIOT scenarios in Release 17 have been presented. Based on analysis and discussion, the following observations and proposals have been made:
Proposal 1-1
· For SPS HARQ-ACK deferral,
· If PUCCH is configured with repetitions, the deferral conditions are checked only for the initial PUCCH repetition
· If a PUCCH repetition could not be mapped to UL slot/sub-slot, the PUCCH repetition is not transmitted
· For overlap of repeated PUCCH, when one of UCIs contains SPS HARQ-ACK with enabled deferral, the UE can expect the first PUCCH and any of the second PUCCHs to start at a same slot and include a UCI type with same priority. One of these UCIs can be dropped.
Proposal 1-2
· For SPS HARQ-ACK deferral, support > 15 maximum bound for k1
Proposal 1-3
· Do not support joint operation of SPS HARQ-ACK deferral and dynamic PUCCH carrier switching for the case of different numerologies on switchable carriers
Proposal 2-1
· Support triggering of enhanced Type 3 CB transmission by DCI not scheduling other PDSCH
· “One-shot HARQ-ACK request” flag is reused, and whether it triggers Type3 or eType3 is configured by RRC
· The same condition on FDRA state is reused to indicate that DCI does not schedule PDSCH
· An unused field in DCI (e.g. MCS, HARQ ID, RV, etc) is utilized to indicate one of N RRC configured eType3 codebooks requested for retransmission
· Support triggering of enhanced Type 3 CB transmission by DCI scheduling PDSCH
· “One-shot HARQ-ACK request” flag is reused, and whether it triggers Type3 or eType3 is configured by RRC
· eType 3 CB is constructed according to the type provided by the first entry in RRC table for the dynamic eType3 CB type indication
Proposal 2-2
· For one-shot triggering of dropped HARQ-ACK retransmission, RAN1 to consider handling of situations when DCI(s) (including all DCIs) scheduling HARQ-ACK in the dropped PUCCH were missed, and the PUCCU is requested to be retransmitted.
Proposal 3-1
· For sub-slot-based Type 1 CB,
· Support TDRA pruning/grouping per DL slot after TDRA determination per UL sub-slot
Proposal 4-1
· RAN1 to consider the following
· Alt. 1
· Introduce frequency hopping between sub-slot PUCCH repetitions
· For sub-slot PUCCH repetition, introduce a mechanism of skipping UL symbols during repetitions mapping, e.g., by a configurable X-symbol gap
· Alt. 2
· Do not support frequency hopping between sub-slot PUCCH repetitions
Proposal 4-2
· If multiplexing of a repeated PUCCH on PUSCH is supported, the number of REs for UCI carrying HARQ-ACK on PUSCH is scaled with the number of PUCCH repetitions overlapped with a PUSCH
· FFS details
Proposal 4-3
· For sub-slot PUCCH repetition, the following values for the number of PUCCH repetition are defined in specification
· 2, 4, 6, 7, 8
Proposal 5-1
· For dynamic PUCCH carrier indication in DCI, the definition of PUCCH Resource ID (PRI) is extended by indicating a pair of {PUCCH resource, PUCCH carrier}
Proposal 5-2
· For dynamic PUCCH carrier indication in DCI, limit the UCI information for switching to HARQ-ACK and SR (when multiplexed with HARQ-ACK)
Proposal 5-3
· If a time pattern for PUCCH for semi-static HARQ-ACK is not provided, the semi-static HARQ-ACK is multiplexed with dynamic HARQ-ACK on the carrier indicated for dynamic HARQ-ACK
· FFS if a time pattern for PCCH for semi-static HARQ is provided
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