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Introduction
[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:
· 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]-[3].
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. The following options were discussed in the last meeting:
· Alt. 1: Simultaneous configuration of PUCCH repetition and Rel-17 SPS HARQ-ACK deferral is not supported.
· i.e., the UE is not expected to be configured with nrofSlots for any applicable PUCCH format and not expected to be configured with repetition for any PUCCH resource for the Rel-17 dynamic PUCCH repetition indication operation.
· Alt. 2: If the PUCCH format or PUCCH resource in the initial / 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
In our understanding, although Alt. 1 is simple, it may be too restrictive. Since SPS HARQ-ACK may be required to be transmitted by different PUCCH formats depending on total payload size, then virtually no PUCCH format could be configured with semi-static nrofSlots, to support Alt. 1 restriction. At the same time, Alt. 2 does not look good either because the assumption can change between initial slot, target slot and another target slot, i.e. the deferral procedure is stopped once a PUCCH resource for SPS HARQ-ACK becomes associated with nrofSlots > 1.
Overall, among the above two options, Alt. 1 seems more feasible / practical, while Alt. 2 may bring unnecessary complications to SPS HARQ-ACK deferral procedures.

Proposal 1
· For SPS HARQ-ACK deferral,
· Alt. 1: Simultaneous configuration of PUCCH repetition and Rel-17 SPS HARQ-ACK deferral is not supported

Maximum k1 value determination
In the last meeting, the following options were considered with respect to the maximum value that can be configured as the maximum SPS HARQ-ACK deferral in terms of k1+k1def per SPS configuration:
· Alt. 1: 15 - reuse the maximum value of k1, i.e., RRC value range is {1…15}
· Alt. 2: 16 - RRC value range is {1…16}
· Alt. 3: 32 - RRC value range is {1…32}
· Alt. 4: 64 - RRC value range is {1…64}
· Alt. 5: other

As it was pointed earlier, 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 = 32, especially to aid sub-slot based PUCCH operation.

Proposal 2
· For SPS HARQ-ACK deferral, support 32 as the maximum bound for k1
· FFS whether to limit > 15 cases to sub-slot PUCCH configurations only

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 was concluded that there is no consensus that SPS HARQ-ACK is multiplexed together with dynamic HARQ-ACK on the switched carrier. For pattern-based switching, the carrier for SPS HARQ-ACK is known per slot/sub-slot, thus may be considered, 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 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

Joint operation of SPS HARQ-ACK deferral and Intra-UE multiplexing / prioritization

With intra-UE multiplexing, without SPS deferral, UCI multiplexing is first performed within each priority (step 1), and then, multiplexing or prioritization is performed across different priorities (step 2).
When intra-UE multiplexing for different priorities is enabled together with SPS HARQ-ACK deferral, the following options may be considered:
1) Check the deferral before resolving overlapped UL channels between different priorities (i.e., deferral is determined after step 1 but before step 2).
In general, it conflicts with the principle that SPS deferral is determined based on the final output of the multiplexing procedure. Moreover, it leads to either transmitting deferred SPS HARQ-ACK in both initial slot and target slot, or increased latency for a SPS HARQ-ACK which can be transmitted after multiplexing onto a UL channel with different priority.
2) Check the deferral after resolving overlapped UL channels between different priorities (i.e., deferral is determined after step 2).
(2-1) If the resultant UL channel is a PUCCH resource for SPS PUCCH for priority i, then, defer the SPS HARQ-ACK for priority i. That means, if LP SPS HARQ-ACK is multiplexed with HP SPS HARQ-ACK, and the resultant channel is HP SPS PUCCH resource which is invalid, only deferral of HP SPS HARQ-ACK is allowed, and LP SPS HARQ-ACK is dropped.

(2-2) If the resultant UL channel is a PUCCH resource for SPS PUCCH regardless of priority i, then defer the SPS HARQ-ACK. That means, if LP SPS HARQ-ACK is multiplexed with HP SPS HARQ-ACK, and the resultant channel is HP SPS PUCCH resource which is invalid, both LP and HP SPS HARQ-ACK are deferred 
(2-2-a)	Treat the deferred LP and HP SPS HARQ-ACK as a joint HP SPS HARQ-ACK to find the target slot. Therefore, deferred LP SPS HARQ-ACK is always jointly coded with the deferred and initial HP HARQ-ACK in the target slot, while the initial LP SPS HARQ-ACK is separately coded. It would be a bit strange to use different coding chain for deferred and initial LP SPS HARQ-ACK. More importantly, always joint coded deferred LP SPS HARQ-ACK with HP HARQ-ACK would degrade the performance of HP HARQ-ACK. 

(2-2-b)	Treat the deferred LP and HP SPS HARQ-ACK separately to find the target slot. Considering the resultant channel for LP and HP transmission in one slot can be different, e.g., the resultant channel for LP and HP is non-overlapped and only one of the channels is invalid, then, the slot is the target slot for the priority with valid channel while another priority may need to find a later slot as a target slot. Comparing with (2-2-a), the performance for HP would be better. Comparing with (2-1), the performance for LP would be better, but this option is more complicated for UE implementation. 

Although it was not explicitly discussed/agreed that HARQ-ACK without DCI can follow R17 multiplexing procedures, assuming it is allowed, from the above alternatives, our preference is 2-1.

Proposal 4
· For the case when R17 intra-UE multiplexing is configured together with SPS HARQ-ACK deferral, the deferral is checked after resolving overlapped UL channels between different priorities (i.e., deferral is determined after step 2, if any).
· If the resultant UL channel is a PUCCH resource for SPS PUCCH for priority i, then, defer the SPS HARQ-ACK for priority i

HARQ-ACK Retransmission
Enhanced Type 3 HARQ-ACK codebook
One of the remaining aspects is the DCI signalling design for triggering eType 3 CB. It was agreed that the “One-shot HARQ-ACK request” field in DCI is reused to trigger both regular and enhanced Type 3 CB. Further, we think that 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. With the agreed maximum number of 8 different CBs, 3 bits are needed for indication.
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, or to assume some default CB for generation. 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 explicit 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 5
· Support triggering of enhanced Type 3 CB transmission by DCI not scheduling other PDSCH
· When “One-shot HARQ-ACK request” flag is set to 1, 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
· Prefer MCS field
· Support triggering of enhanced Type 3 CB transmission by DCI scheduling PDSCH
· When “One-shot HARQ-ACK request” flag is set to 1, 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
Regarding the signalling of PUCCH resource to be retransmitted, the following options were discussed:
· 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
Although there is no much differenece in resulting procedure, depending on HARQ_retx_offset value range, Alt.1 may not support triggering of retransmission of a PUCCH which is in future from the slot/sub-slot ’m’. In order to simplify specification definition, we assume HARQ_retx_offset to be a non-negative value. Under that baseline assumption, we prefer Alt.2, since it allows ’n’ to be > ’m’, i.e. to indicate a dropped PUCCH resource later than the triggering slot ’m’.

Proposal 6
· For one-shot triggering of dropped HARQ-ACK retransmission, support Alt. 2 option of determination of PUCCH slot/sub-slot of the HARQ-ACK codebook to be re-transmitted: n = m + k - HARQ_retx_offset
· The value range is 1 < HARQ_retx_offset < 15

For one-shot triggering it was agreed to indicate which PUCCH needs to be retransmitted.. 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 7
· 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.

Regarding the joint operation of eType3 CB and one-shot triggering, we think these two features greatly overlap in intended scenarios and resulting performance. Enabling them together for the same UE seems an overoptimization to us.

Observation 1
· Joint operation of eType3 CB and one-shot HARQ-ACK retransmission should not be optimized/discussed due to uncertain benefits from this combination

Sub-slot-based Type 1 HARQ codebook
No issues identified at this moment
PUCCH Repetitions Enhancements
In the last meeting, the major progress was made with respect to sub-slot repetition of PUCCH. The only open issue is discussion on the working assumption to support frequency hopping for 2-symbol sub-slot PUCCH configuration.
As was discussed during the last meeting, the 2-symbol short PUCCH transmission with frequency/power allocation changes may experience performance issues due to UE transmitter transient times which are comparable to the PUCCH transmission duration in some combinations of FR and sub-carrier spacing:
· FR1, SCS 60 kHz
· FR2, SCS 120 kHz
To resolve the issues and the working assumption, the easiest way we see is to introduce per sub-slot length frequency hopping capability, so that a UE can indicate that it supports or does not support FH for 2-OS sub-slot configuration.

Proposal 8
· Confirm RAN1#106bis-e working assumption with the following change
	· (Working Assumption) Support inter-subslot Frequency Hopping for PUCCH repetition operation of PUCCH Format 0 and Format 2 for 2OS slot-based PUCCH configurations. 
· The UE applies the inter-subslot FH operation from sub-slot to sub-slot, if configured with inter-slotFrequencyHopping in the respective PUCCH_config.
· Support of inter-subslot FH is a separate capability for a given sub-slot length of 2 and 7 symbols



PUCCH Carrier Switching
DCI design issues
With the dynamic PUCCH carrier switching, the PUCCH configuration may change from DCI to DCI based on dynamic indication and/or semi-static pattern. With this enhancement, the following issues arise:
· DCI fields which size is dependent on cell PUCCH configuration may create DCI parsing issue, i.e. the start and length of a bitfield may be unknown with some uncertainty. In the latest draft CR for TS 38.213, the ‘PUCCH cell indicator’ field is captured as the last field of DCI formats 1_1 and 1_2. At the same time, there are several fields which size is dependent on ‘PUCCH cell indicator’: For 1_1, those are at least ‘PDSCH-to-HARQ_feedback timing indicator’ and ‘ChannelAccess-CPext’; For 1_2, those are at least ‘PUCCH resource indicator’, ‘PDSCH-to-HARQ_feedback timing indicator’, and ‘ChannelAccess-CPext’
· If no further specification is made, the UE would not know how to parse DCI fields starting from PRI because it could not look up for ‘PUCCH cell indicator’ first. To avoid this issue, first of all the ‘PUCCH cell indicator’ field can be moved up in the list before all fields dependent on its state.
· When semi-static PUCCH switching pattern is involved, then the same fields also require attention, so that the DCI can be decoded under any assumption on PUCCH cell indication.
· Total DCI size should also be known in advance. It can be determined based on PUCCH cell which results in the maximum DCI size. For the other PUCCH cell, the DCI may be zero-padded to this maximum, before size alignment with other DCI formats.

Proposal 9
· For PUCCH carrier switching based on dynamic indication and/or semi-static pattern,
· A UE is not expected to perform blind hypothesis testing of ‘PUCCH cell indicator’ bitfield position and the total DCI size for formats 1_1 and 1_2
· FFS mechanisms to avoid that
· A UE is not expected to perform blind hypothesis testing for DCI bitfields which size / position is dependent on PUCCH configuration and for the total DCI size for formats 1_1 and 1_2 in case of semi-static pattern-based switching
· FFS mechanisms to avoid that

PUCCH repetitions
It was discussed whether PUCCH repetitions can be mapped to different cells, especially when semi-static pattern is provided. In our view, this is an overoptimization which complicates the system substantially, due to separate PUCCH configurations for different cells, PUCCH repetition deferral procedure, different numerology cases, unavailability of soft-combining of PUCCH when different rate-matching is allowed in different carriers, etc.

Proposal 10
· For PUCCH carrier switching based on dynamic indication and/or semi-static pattern,
· When the indicated PUCCH resource is associated with > 1 repetitions, the cell for PUCCH repetitions transmission is fixed to the same cell as the initial PUCCH repetition

Different numerologies case
Regarding the following issues from the last meeting:
	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


In our view, since the pattern is provided semi-statically and the potential Alt.3 implementation may clearly determine which slot in the target cell can be picked, we don’t see the issue of going with Alt.3 and provide full scheduling flexibility. Note, that the arguments that Alt.1 has lower latency are misleading. Due to ‘ceiling operation’ for determining the closest possible PUCCH resource after processing time, the closest PUCCH resource may be determined even later for Alt.1 than Alt.3. In average, the latency is the same for the two different alternatives, while Alt.3 allows to distribute PUCCH resource among all slots of the target cell.

Proposal 11
· 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. 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)

Regarding the following issue:
	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. 


At this stage, both Alt.2 and Alt.4 are acceptable since the flexibility of pattern configuration may allow it without much limitation on scheduling.
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 proposals have been made:
Proposal 1
· For SPS HARQ-ACK deferral,
· Alt. 1: Simultaneous configuration of PUCCH repetition and Rel-17 SPS HARQ-ACK deferral is not supported

Proposal 2
· For SPS HARQ-ACK deferral, support 32 as the maximum bound for k1
· FFS whether to limit > 15 cases to sub-slot PUCCH configurations only

Proposal 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 4
· For the case when R17 intra-UE multiplexing is configured together with SPS HARQ-ACK deferral, the deferral is checked after resolving overlapped UL channels between different priorities (i.e., deferral is determined after step 2, if any).
· If the resultant UL channel is a PUCCH resource for SPS PUCCH for priority i, then, defer the SPS HARQ-ACK for priority i

Proposal 5
· Support triggering of enhanced Type 3 CB transmission by DCI not scheduling other PDSCH
· When “One-shot HARQ-ACK request” flag is set to 1, 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
· Prefer MCS field
· Support triggering of enhanced Type 3 CB transmission by DCI scheduling PDSCH
· When “One-shot HARQ-ACK request” flag is set to 1, 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 6
· For one-shot triggering of dropped HARQ-ACK retransmission, support Alt. 2 option of determination of PUCCH slot/sub-slot of the HARQ-ACK codebook to be re-transmitted: n = m + k - HARQ_retx_offset
· The value range is 1 < HARQ_retx_offset < 15

Proposal 7
· 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.

Observation 1
· Joint operation of eType3 CB and one-shot HARQ-ACK retransmission should not be optimized/discussed due to uncertain benefits from this combination

Proposal 8
· Confirm RAN1#106bis-e working assumption with the following change
	· (Working Assumption) Support inter-subslot Frequency Hopping for PUCCH repetition operation of PUCCH Format 0 and Format 2 for 2OS slot-based PUCCH configurations. 
· The UE applies the inter-subslot FH operation from sub-slot to sub-slot, if configured with inter-slotFrequencyHopping in the respective PUCCH_config.
· Support of inter-subslot FH is a separate capability for a given sub-slot length of 2 and 7 symbols



Proposal 9
· For PUCCH carrier switching based on dynamic indication and/or semi-static pattern,
· A UE is not expected to perform blind hypothesis testing of ‘PUCCH cell indicator’ bitfield position and the total DCI size for formats 1_1 and 1_2
· FFS mechanisms to avoid that
· A UE is not expected to perform blind hypothesis testing for DCI bitfields which size / position is dependent on PUCCH configuration and for the total DCI size for formats 1_1 and 1_2 in case of semi-static pattern-based switching
· FFS mechanisms to avoid that

Proposal 10
· For PUCCH carrier switching based on dynamic indication and/or semi-static pattern,
· When the indicated PUCCH resource is associated with > 1 repetitions, the cell for PUCCH repetitions transmission is fixed to the same cell as the initial PUCCH repetition

Proposal 11
· 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. 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)
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