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Introduction
This contribution discusses remaining issues (SPS HARQ-ACK deferring, Retransmission of cancelled HARQ, PUCCH repetition, PUCCH carrier switching, and others) for HARQ-ACK reporting in Rel-17 IIoT. 

Discussion
1 
2 
SPS HARQ-ACK deferring/dropping for TDD
Following agreements were achieved during RAN1#106bis-e. 
	Conclusion
For SPS HARQ-ACK deferral, only SPS HARQ-ACK bits subject to deferral from one or more initial slots which have not reached the maximum deferral value are jointly deferred to the next available PUCCH (other SPS HARQ-ACK is dropped). 

Agreement
For SPS HARQ-ACK deferral, the bit ordering of deferred SPS HARQ-ACK information from one or more initial slots in the target PUCCH slot is based on the Rel.16 SPS HARQ-ACK bit order principle as in clause 9.1.2 of TS38.213 is applied, i.e., based on serving cell index, SPS configuration index, SPS PDSCH slot index. 

Conclusion
For SPS HARQ-ACK deferral, the operation in the ‘initial’ slot is further clarified as: 
· The UE performs first the (Rel-16) UCI multiplexing operation. If after the UCI multiplexing operation into a PUCCH or PUSCH if any, and if the UE would be transmitting SPS HARQ-ACK using the PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN which is not valid, the SPS HARQ-ACK configured for deferral is deferred.

Agreement
The RAN1#106-e agreement on the target slot definition is updated as follows (in RED): 
	Agreement (from RAN1#106-e)
For SPS HARQ-ACK deferral, the target PUCCH slot is defined as the next PUCCH slot, where after performing the (Rel-16) UCI multiplexing operation into a PUCCH or PUSCH if any, the UE would be either (i) transmitting HARQ-ACK using a PUCCH/PUSCH other than the PUCCH determined from PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN or (ii)  would be transmitting HARQ-ACK using a PUCCH resource configured in PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN being regarded as valid.  sps-PUCCH-AN-List-r16 or n1PUCCH-AN PUCCH resource is regarded as valid, or a PUCCH resource (from PUCCH-ResourceSet, i.e. DG PDSCH HARQ multiplexed) is dynamically indicated
· The target PUCCH slot determination is based on the total HARQ-ACK payload size including deferred SPS HARQ-ACK information and non-deferred HARQ-ACK information (if any) of a candidate target PUCCH slot
· The final PUCCH resource selection in the target PUCCH slot in terms of PUCCH resource set and PUCCH resource ID follows the Rel-16 procedures.



Conclusion
If the UE is not configured with Rel-17 Intra-UE multiplexing, SPS HARQ for deferral of different PHY priorities can be separately deferred with the target PUCCHs separately determinated according to their respective PHY priorities.
· FFS on the PHY priority handling for SPS HARQ deferral if the UE configured with Rel-17 Intra-UE multiplexing



Regarding having a configurable value for the maximum value of SPS deferral, a range of {1…16} is slightly preferable since 1) not only it has the same RRC overhead as k1 value (that is, {0…15}) and but also it can include the case where even initial HARQ PUCCH indicated by k1=15 can be deferred. 
Regarding interaction between SPS HARQ deferral and PUCCH repetition, one remaining issue is whether or not a maximum configured deferral value (k1_def_max) can be valid in case of PUCCH repetitions. If that is allowed, there would be another open issue about partial HARQ-ACK dropping during the PUCCH repetitions. For example, for two SPS configurations having k1_def_max of 2 slots and k1_def_max of 10 slots, if a UE receives both SPS PDSCHs in slot n and transmits PUCCH with corresponding HARQ-ACK in slots n+1 ~ n+4 with repetitions, it is not clear how UE transmits both HARQ-ACK information during PUCCH repetitions since PUCCH repetition should include same UCI and HARQ-ACK for the first SPS configuration would expire due to maximum deferral value. To avoid problematic situations without introducing specification complexity that will have little/no value in practice, it is preferable to not consider the limitation of SPS deferral based on a maximum configured deferral value, regardless of whether HARQ-ACK for SPS PDSCH is multiplexed into RRC-based PUCCH or DCI-based PUCCH. Actually, since PUCCH repetitions continue after collisions/inability to transmit PUCCH, it is also preferable not to support simultaneous configuration of PUCCH repetitions and SPS HARQ-ACK deferral (and there is no need for a “UE does not expect …”). 
Proposal 1: Either PUCCH repetitions do not consider limitations of SPS deferral, such as maximum configured deferral value, or joint configuration of PUCCH repetitions and SPS HARQ-ACK deferral is not supported. 
Regarding joint operation of SPS HARQ-ACK deferral and PUCCH cell switching, RRC configured semi-static pattern can support SPS HARQ-ACK deferral without any enhancement. However, dynamic PUCCH cell switching based on DCI indication should not have any association with SPS HARQ-ACK deferral since it needs to define new UCI multiplexing rules between PCell and Scell. Considering that very limited time to finish Rel-17 URLLC/IIoT WI, such secondary optimizations with relatively large specification impact should be avoided. 
Proposal 2: SPS HARQ-ACK deferral is supported only for RRC-based PUCCH cell switching. 
Two level priority impact was also discussed in RAN1#106b-e, it was agreed that SPS HARQ for deferral of different PHY priorities can be separately deferred with the target PUCCHs separately determined according to their respective PHY priorities if the UE is not configured with Rel-17 Intra-UE multiplexing. However, some details are still not clear regarding the interaction between prioritization and SPS HARQ-ACK deferral. 
It is not clear that if a LP SPS HARQ-ACK PUCCH is deprioritized by HP UL channel and conflicts with semi-static UL symbols, whether the LP SPS HARQ-ACK can be deferred or not. The order of prioritization and checking deferral should be clarified. Similar as multiplexing, prioritization should be performed before checking SPS HARQ-ACK deferral. If a LP SPS HARQ-ACK PUCCH is deprioritized by HP UL channel, a UE can either drop the LP SPS HARQ-ACK or further determine whether the LP SPS HARQ-ACK can be deferred.
Proposal 3: If a UE is not configured with Rel-17 intra-UE multiplexing, the UE first performs Rel-16 prioritization and, if a LP SPS HARQ-ACK PUCCH is deprioritized, down-select from the following two options:
Option 1: The LP SPS HARQ-ACK is dropped.
Option 2: UE determines whether the LP SPS HARQ-ACK PUCCH can be deferred.
Similarly, Rel-17 intra-UE multiplexing should be performed before checking SPS HARQ-ACK deferral; if the result resource is a HP SPS HARQ-ACK PUCCH, e.g., a LP SPS HARQ-ACK is multiplexed with a HP SPS HARQ-ACK in a HP SPS HARQ-ACK PUCCH resource, the UE further determines whether the SPS HARQ-ACK can be deferred. If the deferred condition is satisfied, SPS HARQ-ACK for deferral of different PHY priorities can be separately deferred to a next PUCCH slot/sub-slot according to their respective PHY priorities.
Proposal 4: If a UE is configured Rel-17 intra-UE multiplexing, the UE first performs Rel-17 intra-UE multiplexing. If a LP SPS HARQ-ACK is multiplexed with a HP SPS HARQ-ACK in a HP SPS HARQ-ACK PUCCH resource and the PUCCH overlaps with semi-static DL symbols/SSB, SPS HARQ for deferral of different priorities can be separately deferred to a next PUCCH slot/sub-slot according to their respective priorities.


PUCCH repetition enhancements
In RAN1#106bis-e, the following were agreed. 
	Agreement
To align with Rel-16 slot-based PUCCH repetition operation, support sub-slot based PUCCH repetition configured with / using nrofSlots (i.e., not using dynamic indication) of all UCI types (incl. HARQ, SR & CSI). 
Agreement
For sub-slot based PUCCH repetition, the following agreement from Cov. Enh. WI for slot-based PUCCH repetition is adopted also for sub-slot based PUCCH repetition: 
	Agreement 
· for a PUCCH resource, if both a new repetition parameter corresponding to Rel-17 dynamic PUCCH repetition factor indication and the Rel-15/16 nrofSlots are configured, the new repetition parameter overrides nrofSlots. 



Agreement
For sub-slot based PUCCH repetition, the following agreement from Cov. Enh. WI for slot-based PUCCH repetition is adopted also for sub-slot based PUCCH repetition: 
	Agreement: Dynamic PUCCH repetition factor indication for SR or P/SP-CSI on PUCCH is not supported in Rel-17.



Agreement
For PUCCH repetition enhancements:
· Support inter-slotFrequencyHopping for PUCCH repetition operation of PUCCH Format 0 and Format 2 for slot-based PUCCH configurations. 
· Support inter-subslot Frequency Hopping for PUCCH repetition operation of PUCCH Formats 0, 1, 2, 3 and 4 for 7OS 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. 
· (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. 
· Note: As for Rel-15, the configuration / enabling of inter-slotFrequencyHopping and intraSlotFrequencyHopping is not supported. 

Agreement
For sub-slot based PUCCH repetition, the following agreement from Cov. Enh. WI for slot-based PUCCH repetition is adopted also for sub-slot based PUCCH repetition: 
	Agreement
· In Rel-17, reuse the Rel-16 PUCCH repetition factors 2, 4, 8. 
· Do not support PUCCH repetition factor larger than 8 In Rel-17.






The working assumption for inter-sub-slot FH for 2 symbols sub-slot based PUCCH configuration should be confirmed since similar UE behaviours have been specified for intra-slot PUSCH hopping in Rel-15 NR or sTTI based PUCCH hopping in Rel-15 LTE. The case of very large SCS (e.g. >120 kHz) can be considered in the “beyond 60 GHz” WI.
Proposal 5: Confirm the WA for inter-sub-slot FH in case of 2-symbol sub-slot based PUCCH repetition.

Rel-17 Type-3 HARQ-ACK CB / retransmission of HARQ-ACK CB
In RAN1#106bis-e, the following were agreed. 
	Conclusion
No additional enhanced Type 3 CB ‘types’ (such as activated CCs, of specific SPS configurations, etc.) in terms of RRC configuration are supported. 

Agreement
For one enhanced Type 3 HARQ-ACK CB, the same CBG and NDI configuration applies to both PHY priorities following the RAN1#106-e agreement. 

Agreement
The same set of enhanced Type 3 CBs (incl. CBG and NDI configuration) is applied for triggering using DCI format 1_1 and 1_2. 

Agreement
Reuse the legacy 1-bit ‘one-shot HARQ-ACK request’ for triggering indication of the enhanced Type 3 HARQ-ACK CB of smaller size. 
· At least if only a single enhanced Type 3 HARQ-ACK CB is configured, the triggering DCI with the triggering bit set to ‘1’ is also able to schedule PDSCH. 

Agreement
The CBG and NDI usage can be independently configured for different enhanced Type 3 HARQ-ACK CBs.
Agreement
The maximum number of simultaneously configurable enhanced Type 3 CB is indicated by the UE through UE capability signaling from the set of {1, 2, 4, 8}.

Agreement
Support triggering of one-shot HARQ re-transmission on PUCCH using DCI format 1_2. 

Agreement
For one-shot HARQ re-transmission on PUCCH, the triggering DCI dynamically indicates a ‘HARQ re-tx offset’ which is used to define the offset in number of PUCCH slots/sub-slots between the triggering DCI and the PUCCH slot/sub-slot of the HARQ-ACK codebook to be re-transmitted. 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
· FFS: value range of the HARQ-retx_offset

Agreement
For one-shot triggering of HARQ-ACK re-transmission on PUCCH, 
· in case the dynamic Type 2 HARQ-ACK codebook is configured, the HARQ-ACK codebook per PHY priority on the indicated PUCCH is constructed by appending the Type 2 HARQ-ACK codebook to be re-transmitted to the Type 2 HARQ-ACK codebook of the indicated PUCCH (carrying new, initial HARQ-ACK information) per PHY priority.
in case the semi-static Type 1 HARQ-ACK codebook is configured, the HARQ-ACK codebook per PHY priority on the indicated PUCCH is constructed by appending the Type 1 HARQ-ACK codebook to be re-transmitted to the Type 1 HARQ-ACK codebook of the indicated PUCCH (carrying new, initial HARQ-ACK information) per PHY priority.



For triggering HARQ-ACK codebook retransmission, the main issues left is (a) whether the DCI format is a scheduling or non-scheduling DCI format, (b) how to indicate the timing/slot for the HARQ-ACK CB to be retransmitted, and (c) some other aspects such as whether to trigger the HARQ-ACK CB retransmission before it is dropped or whether the triggering DCI includes additional information such as a total DAI.

The DCI format should at least be a non-scheduling DCI format as there is no need to consider operation where LP/HP collisions are so frequent that scheduling DCI formats need to be used. Single HARQ-ACK CB retransmission is also not a good solution if LP/HP collisions have large probability (e.g. what is re-triggered can be dropped again together with what is triggered for the first time – possibly leading to some SPS HARQ-ACK deferral issues). A scheduling DCI format can also be considered if specification supports turns out to be trivial but can have lower priority in RAN1#107-e (FFS for any RRC support).

The timing should follow Rel-16 timing indication principles – e.g. Alt. 1 “n = m - HARQ_retx_offset” from RAN1#106-bis. Alt. 2 does not have an apparent need/benefit and is rather strange as it moves the timing indication forward (to the PUCCH that will include HARQ-ACK CB) only to then move it backward (to the slot having PUCCH/PUSCH with the triggered HARQ-ACK CB). Even for the case of non-scheduling DCI format with many spare bits, Alt. 2 makes no sense.  

Other enhancements are neither necessary nor actually beneficial. Having the triggering DCI format provide a total DAI would require the Type-2 HARQ-ACK CB to be reconstructed (and is only applicable for a Type-2 HARQ-ACK CB). The pseudocode in TS 38.213 would not work, as there is no case where a UE processes DAI from a DCI format without the UE also generating HARQ-ACK for that DCI format which would be required for the re-triggered HARQ-ACK CB and the triggering DCI format. Then, the Type-2 HARQ-ACK CB will need to incorporate elements from the “enhanced” Type-2 CB from Rel-16 NR-U. Another reason is the UE complexity as the UE will be generating another HARQ-ACK codebook at the same time (the one that the triggering DCI format is associated with) – that would require additional software changes. Finally, although conceptually providing a total DAI can be thought of as a “good thing”, in practice it has zero benefit on throughput as its only impact will be with a probability that is a multiple of the probabilities for (a) a HARQ-ACK CB being retransmitted, (b) the HARQ-ACK CB being a Type-2 one, (c) the Type-2 HARQ-ACK CB not already being based on total DAI (e.g. non-CA, non-PUSCH), (d) the last DCI format(s) associated with the triggered HARQ-ACK CB being missed by the UE. Such a probability would be orders or magnitude smaller than the typical HARQ-ACK BLER, and the proposed enhancement would have zero impact on throughput while requiring material specification and additional UE complexity to actually support. For a non-scheduling DCI format, there is no other issue.   
 
Triggering (LP) HARQ-ACK CB retransmission before it is dropped (due to HP collision) is an unnecessary enhancement as latency is not an issue while already complicated timeline conditions will need to be revised with additional scenarios. Also, use cases requiring/benefiting from simultaneous support of (enhanced) Type-3 HARQ-ACK CB and HARQ-ACK CB retransmissions are unclear. 

Proposal 6: For the retransmission of a HARQ-ACK CB
· Support a non-scheduling DCI format (deprioritize a scheduling DCI, subject to minimum specification impact)
· The PUCCH slot n for the triggered HARQ-ACK CB is n = m - HARQ_retx_offset - m is the slot of the DCI format reception and HARQ_retx_offset is the indication in the DCI format
· No other enhancements are necessary

For the Rel-17 Type-3 HARQ-ACK CB, the main remaining issue is whether the DCI format can be a scheduling DCI format or is only a non-scheduling DCI format. Unlike the case of triggered HARQ-ACK CB retransmission, using a scheduling DCI format is more appropriate because it allows the Rel-17 Type-3 HARQ-ACK CB to be used as a “typical” HARQ-ACK CB. If there is no need to enhance the Rel-16 Type-3 HARQ-ACK CB for “typical” use, there is certainly no need to have the Rel-17 Type-3 HARQ-ACK CB be used only for HARQ-ACK CB retransmissions, even if a UE does not support the triggered (“one-shot”) HARQ-ACK CB. The need for additional 1-2 bits (to the 1-bit “one-shot” field) in the DCI format was given as a negative reason; however, (a) there is marginal impact on the PDCCH BLER (less than 0.1 dB), (b) the Rel-17 Type-3 CB has full functionality, (c) the overhead from using non-scheduling DCI is not zero, and (d) the specification impact is trivial and can even be practically replicated from several other Rel-16 functionalities such as for SCell dormancy indication.

Proposal 7: For the Rel-17 Type-3 HARQ-ACK CB
· Support a scheduling DCI format (deprioritize a non-scheduling DCI, subject to minimum specification impact)
· Re-use Rel-16 mechanisms for indicating the Rel-17 Type-3 HARQ-ACK CB
· No other enhancements are necessary


PUCCH cell switching
The following were agreed in RAN1#106bis-e.
	Agreement
For PUCCH carrier switching, support PUCCH carrier switching only among different TDD cells with PUCCH configured on the NUL carrier in Rel-17

Agreement
For PUCCH cell switching, support independent TPC per PUCCH cell including
· Separate P0 / TPC configuration per PUCCH cell
· Note: This flexibility is already provided as PUCCH-config is per UL BWP of a PUCCH cell
· Accumulating closed loop power control commands only within the same PUCCH target cell by reusing Rel-15 procedure, i.e.
· For dynamic PUCCH cell indication, the TPC command in the DCI scheduling the PUCCH only applies for the dynamically indicated PUCCH target cell
· For semi-static / time-domain pattern, the TPC command in the DCI scheduling the PUCCH only applies for the determined PUCCH target (using the time-domain pattern)
· Separate TPC command indication using DCI format 2_2 for the individual PUCCH cells
· Note: this requires configuration of individual TPC command starting points for each PUCCH cell within DCI format 2_2

Agreement
For semi-static and dynamic indication of PUCCH cell switching, the PUCCH repetition factor is determined based on the PUCCH format or PUCCH resource on the target PUCCH cell for the first repetition. 

Agreement
PUCCH cell switching between 2 cells is supported in Rel-17. 

Agreement
For semi-static PUCCH cell switching, PCell / PSCell / PUCCH-SCell is reference cell:
· The time domain pattern configurations are based on the numerology of the reference cell. 
· The PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology and PUCCH configuration of a reference cell to be able to apply the time-domain PUCCH cell switching pattern. 
· Note: There may not be a need to define a ‘reference cell’ in the specification. This terminology is used for further clarifications of the procedure. 

Agreement
For semi-static PUCCH cell switching, the time-domain pattern configuration is based on the following properties:
· A single time-domain pattern is configured per PUCCH cell group
· The granularity of the time-domain pattern is one slot of the PCell / PSCell / PUCCH-SCell reference cell 
· The time-domain pattern is applied periodically 
· FFS on period / pattern length (e.g., 10ms, RRC configured, …).
· The pattern defines for each slot of the PCell / PSCell / PUCCH-SCell reference cell at least the applicable target PUCCH cell

Agreement
For semi-static PUCCH cell switching, the PUCCH resource indicator (PRI) is interpreted based on the PUCCH configuration of determined target PUCCH cell. 

Agreement
The periodicity / length of the time-domain pattern for semi-static PUCCH cell switching is directly determined by the RRC configuraton of the time domain pattern pucchCellPattern 
· Note: pucchCellPattern has a variable length of (1… maxNrofSlots) 

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

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. 

Agreement
UE does not expect overlapping PUCCH slots with dynamic PUCCH cell indication on more than one cell, i.e., gNB should only dynamically indicate a single PUCCH cell for a final PUCCH slot. 

Agreement
For PUCCH cell switching based on dynamic indication in the DCI,  introduce a new, dedicated DCI field for the DCI scheduling PDSCH to indicate the target PUCCH cell. 

Agreement
In addition, the dynamic target PUCCH cell indication also applies to HARQ-ACK corresponding to SCell dormancy indication without scheduling PDSCH.

Agreement
Support PUCCH cell switching based on dynamic indication in the DCI using DCI format 1_2 for a UE supporting DCI format 1_2. 
· The presence of the ‘PUCCH carrier switching’ bitfield in DCI format 1_2 is RRC configured. 

Conclusion
There is no consensus to support multiplexing of HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI on the dynamically indicated PUCCH cell (other than PCell / PSCell / PUCCH-SCell) in Rel-17.
· FFS: further handling, incl. e.g., UE does not expect overlapping HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI or overlapping HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI is to be dropped
· FFS: overlapping definition for SR and P/SP-CSI in terms of PUCCH slot or PUCCH resource



A general consideration for PUCCH cell switching is to limit support for FR1. One reason is that a strong need for latency reduction does not exist in FR2 due to the short slot duration (e.g. there was also no need to support “sub-slot” in Rel-16 even for 60 kHz SCS). Another reason is the specification support as complex beam management/update mechanisms introduced for PUCCH in FR2, including in Rel-17, can just be ignored without any issue. That is also consistent with the “aim for minimum specification impact” as a prerequisite for supporting the PUCCH cell switching feature.

Proposal 8: PUCCH cell switching is not supported in FR2.

Another general consideration is that DCI-based PUCCH cell switching can introduce several complexities that, if there were to be additionally addressed, they would amount to comparable overall complexity as supporting the feature itself. Also, based on agreements from RAN1#106bis-e and also on pending or inherent issues, DCI-based PUCCH cell switching will be more functionally limited than RRC-based PUCCH cell switching and cannot be less complex. No new multiplexing/overlapping resolution procedures should be introduced due to DCI-based PUCCH cell switching. 

Proposal 9: Focus on RRC-based PUCCH cell switching. For DCI-based PUCCH cell switching, support a functionality only if it does not have any additional specification/implementation impact.

Some of the remaining aspects for completing support for PUCCH cell switching are outlined below.

Power control
Use the same RS for path-loss measurements as for PUSCH transmissions on the SCell or have a reference RS if no PUSCH transmissions (same as for SRS cell/carrier switching) – needed at least due to inter-band CA

SCS for PUCCH-sSCell
No need to consider/support the PUCCH-sSCell having smaller SCS than the PCell. There is no relevant use case (there is big coverage loss from 700 MHz – to 2 GHz – to 3.6 GHz) and that has also been agreed for dynamic spectrum sharing (DSS) for LTE-NR coexistence where the main scenario under consideration is inter-band CA, and there is no need for any additional specification particularly for PUCCH cell switching (arguably, much less critical than DSS operation). Also, although should not need a specific mentioning, it was stressed as part of a note in an agreement from RAN1#104-e to focus on realistic deployment scenarios.  

Multiple overlapping slots on PUCCH-sSCell
For the case than the SCS of the PUCCH-sSCell is larger than the SCS of the PCell, the first overlapping slot should be used. There is no need to introduce additional signaling to indicate one of the overlapping slots as the objective is to minimize latency (and specification impact).

PUCCH Cell indication by DCI format
There can always be implicit indication, using some state of some field or linking values of some field with the PCell or the PUCCH-sSCell, but there is non-zero cost, there would be mixture of functionalities for the field, and the cost of adding 1 bit for explicit signaling is practically zero.

UCI Types for PUCCH cell switching
RRC-based PUCCH cell switching should be supported for all UCI types. There is no reason to exclude any UCI type and the specification support/UE implementation requirements for doing so will actually be larger than copy-pasting everything for the PUCCH-sSCell (i.e. treating the PUCCH-sSCell as the PCell for multiplexing procedures, etc.). For DCI-based PUCCH cell switching, based on previous discussion, there is no need to consider SPS HARQ-ACK.

PHR for PUCCH cell switching
It would be required, similar to PHR for SRS cell switching, if the UE does not have inter-band UL CA capability. In such case, the switching delays from SRS cell switching can be reused. That may not be against the objective of PUCCH cell switching to minimize latency although that would depend on the UL-DL configurations. 

PUCCH repetitions
For RRC-based PUCCH cell switching, the PUCCH repetitions can follow the indicated pattern as for the case of no PUCCH repetitions. For DCI-based PUCCH cell switching, there is no need to extend support to PUCCH repetitions as there is no corresponding benefit. 
 
The above are summarized in the following proposal.

Proposal 10: For PUCCH cell switching
· For path-loss measurement on the PUCCH-sSCell, use the same RS as for the PUSCH or as specified for SRS cell switching in case of no PUSCH
· The PUCCH-sSCell has SCS that is larger than or equal to the SCS of the PCell
· If more than one slots on the PUCCH-sSCell overlap with a slot on the PCell, the first overlapping slot is used
· A new 1-bit field in DCI formats 1_1/1_2 indicates the cell of PUCCH transmission (PCell or PUCCH-sSCell)
· RRC-based PUCCH cell switching applies to all UCI types
· PHR for PUCCH on PUCCH-sSCell can be considered – if so, re-use the PHR for SRS cell switching
· PUCCH repetitions follow the RRC-based pattern – DCI-based PUCCH cell switching is not supported together with PUCCH repetitions


PUSCH reception robustness with increased (SPS) HARQ-ACK bits
[bookmark: _Toc131306784][bookmark: _GoBack]In Rel-15, if a UE multiplexes HARQ-ACK information in a PUSCH and the number of HARQ-ACK information bits is not larger than 2, the UE uses reserved REs for up to 2 HARQ-ACK bits to avoid PUSCH decoding error due to an incorrect HARQ-ACK payload size caused by one missed PDCCH (scheduling 2 TBs) or by two missed PDCCHs (scheduling 1 TB or having HARQ-ACK bundling). Basically, Rel-15 aims to handle vulnerability for one or two PDCCH missed detections also depending on the existence of one SPS HARQ-ACK bit. 
In Rel-16, while such vulnerability with small number of HARQ-ACK bits associated with DCI formats still needs to be handled, multiple active SPS configurations and smaller SPS periodicity may result in multiple SPS HARQ-ACK bits. As a result, the incorrect HARQ-ACK payload size caused by missing 1-2 PDCCH detections corresponding to 1-2 HARQ-ACK bits associated with DCI formats may happen for a larger number of HARQ-ACK bits when several SPS HARQ-ACK bits are present. Therefore, the condition of reserving REs for up to 2 bits is not suitable and the number of HARQ-ACK bits for reserved Res needs to be increased.
Proposal 11: Maintain PUSCH reception robustness due to multiplexing 1-2 HARQ-ACK bits from dynamic scheduling also when multiple HARQ-ACK bits from SPS PDSCH receptions are multiplexed in the PUSCH.

Type 1 HARQ-ACK codebook enhancement for intra-slot repetition 
In Rel-16 eMIMO, multi-TRP PDSCH repetition was introduced to improve reliability. However, Type-1 HARQ-ACK codebook size is not fully optimized for the PDSCH repetition scheme. For example, 2 SLIVs are configured in the TDRA table as shown in Figure 1 and these two SLIVs are not overlapping. There will be 2 bits for this slot in current Type-1 HARQ-ACK codebook. However, when intra slot repetition is enabled, the SLIV should be extended and the extended SLIVs can be overlapped as shown in Figure 2. Type-1 HARQ-ACK codebook can be determined based on the extended SLIVs. In the example of Figure 2, there is only one candidate PDSCH reception in the slot and the size of the HARQ-ACK codebook can be reduced in half. Further, even though the 2 TRPs transmit the same TB (for single PDCCH/dual PDSCH case targeting URLLC), the UE generates corresponding HARQ-ACK information twice in the same HARQ-ACK codebook. Basically, there are several typical URLLC cases where the HARQ-ACK codebook size is currently twice or ever four times larger than it needs to be for no reason. 


Figure 2. An example of extended SLIV for intra slot repetition
Proposal 12: Remove duplicated HARQ-ACK information from the Type-1 HARQ-ACK codebook for intra slot PDSCH repetition.


Conclusions
This contribution considered remaining issues on HARQ-ACK feedback enhancements and proposes the following. 
Proposal 1: Either PUCCH repetitions do not consider limitations of SPS deferral, such as maximum configured deferral value, or joint configuration of PUCCH repetitions and SPS HARQ-ACK deferral is not supported. 
Proposal 2: SPS HARQ-ACK deferral is supported only for RRC-based PUCCH cell switching. 
Proposal 3: If a UE is not configured with Rel-17 intra-UE multiplexing, the UE first performs Rel-16 prioritization and, if a LP SPS HARQ-ACK PUCCH is deprioritized, down-select from the following two options:
Option 1: The LP SPS HARQ-ACK is dropped.
Option 2: UE determines whether the LP SPS HARQ-ACK PUCCH can be deferred.
Proposal 4: If a UE is configured Rel-17 intra-UE multiplexing, the UE first performs Rel-17 intra-UE multiplexing. If a LP SPS HARQ-ACK is multiplexed with a HP SPS HARQ-ACK in a HP SPS HARQ-ACK PUCCH resource and the PUCCH overlaps with semi-static DL symbols/SSB, SPS HARQ for deferral of different priorities can be separately deferred to a next PUCCH slot/sub-slot according to their respective priorities.

Proposal 5: Confirm the WA for inter-sub-slot FH in case of 2-symbol sub-slot based PUCCH repetition.

Proposal 6: For the retransmission of a HARQ-ACK CB
· Support a non-scheduling DCI format (deprioritize a scheduling DCI, subject to minimum specification impact)
· The PUCCH slot n for the triggered HARQ-ACK CB is n = m - HARQ_retx_offset - m is the slot of the DCI format reception and HARQ_retx_offset is the indication in the DCI format
· No other enhancements are necessary

Proposal 7: For the Rel-17 Type-3 HARQ-ACK CB
· Support a scheduling DCI format (deprioritize a non-scheduling DCI, subject to minimum specification impact)
· Re-use Rel-16 mechanisms for indicating the Rel-17 Type-3 HARQ-ACK CB
· No other enhancements are necessary

Proposal 8: PUCCH cell switching is not supported in FR2.

Proposal 9: Focus on RRC-based PUCCH cell switching. For DCI-based PUCCH cell switching, support a functionality only if it does not have any additional specification/implementation impact.

Proposal 10: For PUCCH cell switching
· For path-loss measurement on the PUCCH-sSCell, use the same RS as for the PUSCH or as specified for SRS cell switching in case of no PUSCH
· The PUCCH-sSCell has SCS that is larger than or equal to the SCS of the PCell
· If more than one slots on the PUCCH-sSCell overlap with a slot on the PCell, the first overlapping slot is used
· A new 1-bit field in DCI formats 1_1/1_2 indicates the cell of PUCCH transmission (PCell or PUCCH-sSCell)
· RRC-based PUCCH cell switching applies to all UCI types
· PHR for PUCCH on PUCCH-sSCell can be considered – if so, re-use the PHR for SRS cell switching
· PUCCH repetitions follow the RRC-based pattern – DCI-based PUCCH cell switching is not supported together with PUCCH repetitions

Proposal 11: Maintain PUSCH reception robustness due to multiplexing 1-2 HARQ-ACK bits from dynamic scheduling also when multiple HARQ-ACK bits from SPS PDSCH receptions are multiplexed in the PUSCH.

Proposal 12: Remove duplicated HARQ-ACK information from the Type-1 HARQ-ACK codebook for intra slot PDSCH repetition.
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