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Introduction
[bookmark: _Hlk510705081]In this contribution, we present our view on HARQ-ACK enhancements for Release 17 Industrial Internet of Things (IIoT) and URLLC building on the discussions and agreements that have taken place up to RAN1#106bis-e meeting [R1-2110562].
[bookmark: _Hlk54109260]SPS HARQ-ACK Deferral
Deferring HARQ-ACK until a next available PUCCH was agreed to be supported in RAN1#104-e. Majority of the technical details regarding the SPS HARQ-ACK deferral operation has now been agreed as summarized in the latest Feature Lead summary in R1-2110562. 
Handling of PUCCH repetitions
The interaction of PUCCH repetitions with SPS HARQ deferral was extensively discussed in RAN1#106bis. The following proposal had support from majority companies, although not eventually agreed due to a few objections: 
	Mod Proposal 2.7.2: For interaction joint operation of SPS HARQ deferral and PUCCH repetition, the following is adopted: 
· If the PUCCH format or PUCCH resource in the initial or/ 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 deferralno HARQ-ACK deferral is triggered.
· Note: Parallel deferral procedures are prevented. Depending on the PUCCH format and / or PUCCH resource and its associated PUCCH repetition factor in the initial or/ target slot,  deferral is prevented (for K>1). 




Basically, the proposal relies on the recent R16 conclusion [R1-2108560] which clarifies that PUCCH configured with repetitions (N>1) are deferred in case of collisions with SSB or semi-static DL symbols. The overall intention of the proposal is that, in case the PUCCH format carrying SPS HARQ-ACK in the initial or target slot is configured with repetitions, the transmission takes place as per the existing R16 rules without considering SPS HARQ deferral. 
[image: ]
The main objections received were related to not taking the maximum deferral value into account for the repetition operation, i.e., if R16 rules are followed without considering R17 SPS HARQ deferral, some repetitions may occur after the maximum deferral value which could be regarded as a waste/inefficient use of the radio resources and may also block other upcoming PUCCH/PUSCH transmissions. 
In general, we do not think of any scenario where it makes sense to operate with SPS deferral + PUCCH repetition features simultaneously. As an example, for SPS with very short periodicity (e.g., 1 slot), the gNB should avoid configuring a PUCCH repetition period (i.e., >1) that is shorter than the SPS PDSCH periodicity, as otherwise the different PUCCH repetition bundles may overlap/cancel each other. For long SPS periodicities, it is generally possible to configure proper mapping of the PDSCH to a valid UL slot, meaning that the R17 deferral feature may not be really needed. Therefore, we think the specification effort related to the co-existence of these two features should be kept as minimum as possible to allow the valuable remaining RAN1 time to be for discussing other more important issues. With this in mind, our preference is to reuse the existing Release-16 deferral procedure as much as possible, and avoid introducing additional features. That is, if the PUCCH indicated in the initial slot has a repetition factor >1, the PUCCH repetition for SPS HARQ-ACKs follows the existing Rel-16 rule meaning that the PUCCH transmission would be postponed in case it collides with SSB or DL semi-static symbols as per the Rel-16 conclusion above. In case the PUCCH indicated in the initial slot does not have a repetition factor >1, the UE proceeds to determine a target slot as per the specified R17 SPS HARQ deferral procedure. Once the target slot is determined (which should be no later than the maximum configured deferral time), the  repetitions are transmitted using the Rel-16 procedure even if some of those repetitions exceed the maximum configured deferral value. As we discussed in our previous contribution [R1-2109159], we do not see the value of partially dropping some of the repetitions as this would complicate UE operation in terms of changing the UCI payload size, and gNB reception unnecessarily.
Proposal 2.1: For interaction of SPS HARQ deferral and PUCCH repetition, the following is adopted: 
· If the PUCCH format or PUCCH resource in the initial slot has a PUCCH repetition factor larger than 1, the PUCCH repetition for SPS HARQ-ACKs follows the R16 rule without considering the rules of SPS HARQ deferral.
· In case the PUCCH indicated in the initial slot does not have a repetition factor larger than 1 and the PUCCH in the initial slot is invalid, the UE proceeds to determine a target PUCCH slot as per the specified R17 SPS HARQ deferral procedure. 
· In case the PUCCH format or PUCCH resource in the target PUCCH slot has a PUCCH repetition factor larger than 1, the >1 repetitions take place starting from the target PUCCH slot using the Rel-16 PUCCH repetition procedure without considering the maximum SPS HARQ deferral limitation.

Maximum configurable SPS HARQ deferral value
Different options for the maximum possible SPS HARQ deferral value were discussed in RAN1#106bis-e, namely: 
· Alt. 1: 15 (reuse the maximum value of k1, i.e., RRC value range is {1…15})
· Alt. 2: 16 (use 4bit, i.e., RRC value range is {1…16})
· Alt. 3: 32 (use 5bit, i.e., RRC value range is {1…32})
· Alt. 4: 64 (use 6bit, i.e., RRC value range is {1…64})
· Alt. 5: other

	Alt. 1
	Nokia/NSB, vivo, DOCOMO, ZTE, LG, Lenovo/Motorola Mobility, CATT, Panasonic, OPPO

	Alt. 2
	Nokia/NSB, DOCOMO, Panasonic, Xiaomi, OPPO

	Alt. 3
	Intel, Sony

	Alt. 4 
	

	Alt 5 - other
	Huawei/Hisi, Sony (suggestion see below), QC, Ericsson (please see our comment) ZTE({1,2,…,15,16} for SCS=15KHz, and {2,4,…,30,32} for SCS=30KHz, etc.), LG, Samsung



The main argument for going beyond the existing k1 range (e.g., Alt. 3 and 4) is to support high SCS or sub-slot PUCCH operation where there could be more than 15 sub-slots between the PDSCH and the next available PUCCH. Therefore, some companies proposed as part of ‘Alt 5 – other’ that, e.g., only 4 bits may be sufficient, but the interpretation of each of the 16 entries of the RRC configured range may vary depending on the SCS that is used or on the PUCCH sub-slot duration. Overall, comparing Alt. 1/Alt. 2 with Alt. 3-5, we find it counter-intuitive to allow much longer PDSCH-to-HARQ mapping for SPS HARQ than what is currently possible for dynamic PDSCH; on the other hand, as this is a new feature, there is not really a strong reason to have such strict limitation (considering that the specification impact may be the same). With this in mind and for future-proofness point of view, we think it is sufficient to have a fixed range (i.e., not sub-slot/SCS dependent) of either (1..16) or up to (1..32). The latter is useful to e.g., support 3:2 or 4:1 TDD frame structures with sub-slot PUCCH duration of 2 OFDM symbols.
Proposal 2.2: The maximum configurable SPS HARQ deferral value consists of a fixed range (i.e., not sub-slot/SCS dependent). Further down-select between Alt. 2 (1..16) and Alt. 3 (1..32).
Interaction with Rel-17 Intra-UE multiplexing, related PHY priority handling
The following was agreed in RAN1#106bis-e: 
	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




While all the details related to the Rel-17 Intra-UE multiplexing operation are not sorted out yet, it is reasonable to say that the agreement related to the target slot determination/handling could be further extended to consider the new Release 17 UCI multiplexing procedure potentially allowing low-priority and high-priority UCI to be jointly reported in the target slot. Further discussion is needed in case full or partial dropping of the low-priority HARQ-ACK is eventually supported as part of the Rel-17 intra-UE multiplexing framework, but this could be postponed to the maintenance phase once the details on Rel-17 intra-UE multiplexing are clearer. 
Observation 2.1: For the interaction of SPS HARQ deferral and Rel-17 Intra-UE multiplexing, the rules for the target slot determination/handling could be further extended to take into account the new Release 17 UCI multiplexing allowing low-priority and high-priority UCI to be jointly reported in the target slot. FFS whether some special handling is needed in case full or partial dropping of the low-priority HARQ-ACK is eventually supported as part of the Rel-17 intra-UE multiplexing framework.
Joint operation with PUCCH carrier switching
As discussed in Section 6, two schemes are currently under consideration for allowing PUCCH carrier switching: i) Switching based on dynamic indication in DCI and ii) Switching based on semi-static configuration. The joint operation of these two schemes with SPS HARQ deferral has been shortly discussed in RAN1#106-e and RAN1#106bis-e, but no details specific to SPS HARQ deferral have been agreed yet.
On PUCCH carrier switching based on dynamic indication in DCI, it has been agreed that the dynamically indicated PUCCH cell applies for the HARQ-ACK of the first SPS PDSCH activated by DCI as well as for the HARQ-ACK for the SPS Release, but not for the SPS PDSCH without associated DCI, as captured in the following agreements and conclusion:
	Agreement (RAN1#106-e)
In addition to HARQ-Ack of PDSCH dynamically scheduled by a DCI indicating a PUCCH carrier, the dynamic target carrier indication also applies to:
· HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI based on the indication in the activation DCI
· HARQ-ACK corresponding to the SPS Release DCI based on the indication in the release DCI
· triggered PUCCH for Rel-16 Type 3 CB, Rel-17 enh. Type 3 CB of smaller size and Rel-17 one-shot triggering for HARQ-Ack retransmission based on the indication in the triggering DCI
· FFS: Additional cases

Agreement (RAN1#106bis-e)
In addition, the dynamic target PUCCH cell indication also applies to HARQ-ACK corresponding to SCell dormancy indication without scheduling PDSCH.

Conclusion (RAN1#106bis-e)
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




The agreements above (especially the conclusion on not supporting multiplexing SPS HARQ without associated DCI on the dynamically indicated PUCCH cell) makes in general difficult to operate with SPS PDSCH and dynamic PUCCH carrier switching on the same cell group. As ‘low standardization effort and complexity’ was one of the goals for both the dynamic PUCCH carrier switching and SPS HARQ deferral features, we think that the most reasonable way forward is to not allow simultaneous configuration of dynamic PUCCH carrier switching and SPS HARQ deferral. More details related to the FFS: further handling is discussed in Section 6 of this contribution.
Proposal 2.3: Dynamic PUCCH carrier switching and SPS HARQ deferral cannot be simultaneously configured on a physical cell group.

For PUCCH carrier switching based on semi-static configuration the situation is quite different. We think SPS HARQ-ACK (for both SPS PDSCH activation and PDSCH without associated DCI) can be treated as any other HARQ-ACK information. For SPS HARQ deferral, the following simple operation is envisioned:
Overall, the UE would first determine for each PUCCH slot the applicable PUCCH cell and in the 2nd step perform the related SPS HARQ-ACK deferral on the applicable PUCCH cell, i.e., 
· For the handling of the initial slot, the UE first determines the corresponding PUCCH cell based on the configured time domain pattern, and then performs the related SPS HARQ-ACK deferral operation in the initial slot by checking if the SPS HARQ-ACK information is to be deferred or not. 
· If the SPS HARQ-ACK is to be deferred, the UE proceeds to determine the target PUCCH slot as the next slot of a (newly) determined target PUCCH cell where the conditions for the target PUCCH slot of the SPS HARQ-ACK deferral operation are fulfilled. 

Observation 2.2: Joint operation of SPS HARQ-ACK deferral and PUCCH carrier switching based on semi-static configuration could be supported without any needed additional enhancements, by first applying the PUCCH cell determination followed by the SPS deferral operation on the PUCCH slot /sub-slot of the target PUCCH cell.

PUCCH repetition enhancements for URLLC/IIoT
There had been good progress during RAN1#106bis-e and we only see one issue that needs to be done, namely the decision on the confirmation of the working assumption on the inter-subslot FH for format 0 & 2 for 2OS subslot based PUCCH of the following agreement: 
	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. 



As had been pointed out in the discussions during the GTW session during RAN1#106bis-e by several companies, the issue of transient periods has been there since Rel-15 and that transient periods for short PUCCH & PUSCH allocations are present also for 2OS sub-slot PUCCH (e.g., combination of format 0 & format 2) in back-to-back 2OS PUCCH sub-slots in Rel-16. Therefore, we think that the working assumption can be confirmed. There is clearly some performance issue for higher SCS, but this is up to gNB implementation to decide if inter-subslot FH is still feasible to configure for a 2OS sub-slot based PUCCH configuration on a higher SCS cell or not. 
Proposal 3.1: Confirm the following RAN1#106bis-e working assumption: 
· (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. 


Retransmissions of dropped HARQ-ACK
In RAN1 #106bis-e, multiple agreements were reached both for the enhanced Type 3 CB and the one-shot CB retransmission triggering by DL DCI. In the following some remaining questions are discussed separately for the two methods.
Enhanced Type 3 CB
It was agreed in RAN1 #106b-e that

	
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. 



   
Should be agreed if the triggering DCI may schedule PDSCH also when multiple enhanced Type 3 CBs are configured. Three alternatives have been discussed:
· Alt. 1: Triggering DCI does not schedule PDSCH.
· Alt. 2: If triggering DCI schedules PDSCH (there is a valid frequency domain resource allocation), a particular CB is generated (Rel-16 Type 3 CB or the first in the list of CBs) 
· Alt 3: Triggering DCI may schedule PDSCH.   
Our preference is Alt. 2 that gives some flexibility for simultaneous PDSCH scheduling without increasing the DCI size. The CB to transmit should be the first in the list of CBs, which can be configured as Rel-16 Type 3 CB if seen reasonable. This would be just logical, as this would then also correspond to the same behavior for only a single enhanced Type-3 CB being configured and PDSCH to be scheduled (where, the list of codebooks basically has a length of 1). Alt. 1 would not allow the same scheduling freedom as Rel-16 Type 3 CB provides. Alt. 3 would mean an additional bit field of up to three bits besides the agreed triggering bit. The HARQ process of the scheduled PDSCH would need to be included in the processes of the triggered enhanced Type 3 CB, which does not allow utilizing fully the flexibility provide by Alt. 3.  
With the above Alt 1 and 2, some existing bits in the DCI are reused for CB selection. Three bits are needed, and a possible candidate would be the modulation and coding scheme field. 
Proposal 4.1: When multiple enhanced Type 3 HARQ-ACK codebooks are configured and the triggering bit in the DCI is ‘1’
· if the FDRA field in the DCI is valid, the first enhanced Type 3 HARQ-ACK codebook from the list of CBs is triggered
· if the FDRA field in the DCI is not valid, the triggered enhanced Type 3 CB is indicated by some unused field in the DCI (e.g., the MCS field). 


One-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource
After RAN1 #106b-e, the remaining questions on one-shot HARQ-ACK re-transmission concern the triggering details. 
Should be decided if triggering of PUCCH retransmission may happen already before the slot of the PUCCH to be retransmitted. This would allow early retransmission which we think is beneficial even for LP feedback. The opposing companies were thinking that early triggering would mean complex specification related to new processing timelines and changes in multiplexing procedures. We do not see any complications: UE processing of the initial PUCCH transmission (including multiplexing of HARQ-ACK with other UCI and possible PUCCH dropping) and processing for retransmission can happen independently as the DCI triggering retransmission is not a PUCCH cancellation indication but cancellation is a separate event triggered by e.g., higher priority HARQ-ACK feedback scheduling. If it is further specified that the retransmission must be scheduled for a sub-slot/slot after the initial transmission, the early triggering does not bring additional timeline requirements.       
Proposal 4.2: In addition to one-shot triggering of HARQ re-transmission after the initial PUCCH transmission slot, the triggering is supported before the initial PUCCH transmission slot
· Re-transmission triggering does not change processing for the initial PUCCH transmission
· The UE expects the PUCCH carrying the HARQ-ACK re-transmission to be scheduled in a slot/sub-slot after the initial PUCCH transmission slot/sub-slot. 

The following agreement was reached in RAN1 #106b-e for indication of the CB to be retransmitted:
	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



We think Alt. 2 leads to simpler specification. With Alt. 2 HARQ_retx_offset is always positive, and its maximum value directly gives the maximum separation between the (sub-)slot of the cancelled and re-transmitted PUCCH which is a parameter to specify in any case. If retransmission can be scheduled before the initial PUCCH transmission (according to our above Proposal 4.2), Alt. 1 would mean larger range of HARQ_retx_offset including both negative and positive values. Therefore, we propose
Proposal 4.3: The PUCCH slot/sub-slot n of the HARQ-ACK codebook to be re-transmitted is determined as n = m + k - HARQ_retx_offset where m is the slot/sub-slot of the triggering DCI and m+k is the slot/sub-slot of re-transmission.       

The parameter HARQ_retx_offset in the triggering DCI indicates the separation of the initial PUCCH slot and the slot for retransmission based on proposal 4.3. The range of HARQ_retx_offset should be at least 16 as it is not reasonable that HARQ_retx_offset would be smaller than the PDSCH to HARQ feedback latency with the maximum value of 15. But similarly, as discussed for SPS deferral, we could be fine with a range of up to 32 as well.

Proposal 4.4: The range of HARQ_retx_offset is from 1 to 16 or 32.

In RAN1 #106bis-e it was generally seen unimportant to be able to schedule also PDSCH by the triggering DCI. As there could be up to 5 bits needed for the indication (for the range of 1 to 32), a natural choice would be to use the 5bit MCS field for that purpose. Therefore, we propose that   
Proposal 4.5: Apply a 1-bit triggering DCI field for triggering indication of one-shot HARQ re-transmission on PUCCH. 
· The triggering DCI with the triggering bit set to ‘1’ does not schedule PDSCH. 
· The ‘one-shot HARQ-ACK request’ field is reused for triggering. 
· Some unused bit field in the DCI, e.g. modulation and coding scheme field, is used to indicate the HARQ-ACK CB to be re-transmitted. 


Simultaneous configuration of enhanced Type 3 CB and one-shot re-transmission of HARQ-ACK

It has been agreed that retransmission of HARQ-ACK by enhanced Type 3 CB and one-shot triggering are separate UE capabilities. In RAN1 #106bis-e it was discussed if it should be possible to configure both re-transmission schemes if both are supported by the UE. We see the two schemes as complementary rather than alternative and therefore propose that the simultaneous configuration should be possible. 

Proposal 4.6: Support simultaneous configuration of enhanced Type 3 CB and one-shot re-transmission of HARQ-ACK.

We assume that only one type of re-transmission is indicated by one DCI in order to keep the HARQ-ACK multiplexing simple i.e., avoiding multiplexing HARQ-ACK in enhanced Type 3 CB with HARQ-ACK of one-shot triggering. With this assumption, there are efficient signaling schemes for selecting the CB to retransmit. The signaling example in Table 4.1 is for a system accordant to our proposals 4.1 and 4.4 i.e., only a particular enhanced Type 3 CB can be triggered by a DCI scheduling also PDSCH, and PDSCH scheduling is not possible with a DCI triggering one-shot re-transmission.   

Table 4.1: DCI fields for triggering enhanced Type 3 CB or one-shot re-transmission of HARQ-ACK: no PDSCH scheduling when one-shot re-tx triggered and only a particular Type-3 CB may be triggered if the DCI schedules also PDSCH

	One-shot CB request bit
	Frequency domain resource allocation
	(e.g.) HARQ ID
	PDSCH operation and triggered CB 

	0
	any
	any
	DCI schedules PDSCH
no triggering of enhanced Type 3 CB nor one-shot CB re-transmission 

	1
	other than all 0 and all 1
	any
	DCI schedules PDSCH
transmission of a fixed RRC configured enhanced Type 3 CB (e.g., the one with the lowest index) is triggered

	1
	all 0 or 1
	all 0
	DCI does not schedule PDSCH
enhanced Type 3 CB triggered: e.g., modulation and coding scheme bits indicate the enhanced Type 3 CB to transmit 

	1
	all 0 or 1
	all 1
	DCI does not schedule PDSCH
one-shot CB re-transmission triggered: e.g., modulation and coding scheme bits indicate the HARQ_retx_offset of the CB to re-transmit  



The combined signaling scheme of Table 4.1 would first of all allow to re-use the Rel-16 ‘one shot CB request bit’ from the Rel-16 Type 3 CB also for the triggering indication of the Rel-17 enhanced Type 3 CBs and one shot-triggering of HARQ re-transmission on PUCCH. Moreover, if both Rel-17 features are configured there would not be the additional overhead compared to individual triggering bits. So overall, we suggest supporting the configuration of both features simultaneously but optimizing the triggering signaling without additional DCI overhead:

Proposal 4.7: Support joint configuration (and operation) of Rel-17 enhanced Type 3 CB and Rel-17 one-shot triggering of HARQ re-transmission reusing the Rel-16 one-shot CB request bit without additional overhead:
· The one-shot CB request bit in DCI set to ‘1’ and the DCI scheduling PDSCH, triggers the enhanced Type 3 CB configured with the lowest index. 
· The one-shot CB request bit in DCI set to ‘1’ and the DCI not scheduling PDSCH / DL-SCH, one unused DCI field (such as e.g. the HARQ ID field) determines if either the enhanced Type 3 CB (e.g. bit(s) set to 0) or one-shot HARQ-ACK retransmission on PUCCH (e.g. bit(s) set to 1) is triggered.
· For a triggered enhanced Type 3 CB, one other unused DCI field (such as the MCS field) is used to indicate which of the configured enhanced Type 3 CBs (from the list) is triggered. 
· For the one-shot HARQ-ACK retransmission on PUCCH, one other unused DCI field (such as the MCS field) is used to indicate the HARQ_retx_offset to determine the initial PUCCH slot of the HARQ-ACK codebook for re-transmission. 

Dynamic PUCCH carrier / cell switching
In the following we give our view on the open issues as on the two PUCCH carrier switching methods.
Switching based on dynamic indication in DCI 
The following conclusion was reached in RAN1 #106b-e:  
	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




We assume the conclusion will hold and the multiplexing will not be specified in Rel-17. For the first FFS issue in the Conclusion (dropping or ‘UE does not expect overlap’) we note that there may be situations where HARQ-feedback could be preferably transmitted on SCell (other than PSCell/PUCCH-SCell) even if the PCell/PSCell/PUCCH-SCell would be available for PUCCH transmission. To allow this, we prefer dropping instead of restricting scheduling for preventing the overlap. The timelines for dropping can be the same as for PUCCHs transmitted on one carrier.
To avoid switching PUCCH cell within a slot, we propose that the overlap for SR and P/SP-CSI is defined in terms of PUCCH slot. 
Proposal 5.1: When DCI has indicated PUCCH switching to SCell, UE drops HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI transmissions in the overlapping slot(s). 
    
The Conclusion does not tell how the different priorities are handled. The simplest example with different priorities is shown in Figure 5.1. To keep the specification and implementation as simple as possible we propose that even in the situation shown in the figure the low priority PUCCH is dropped i.e., there is no switching of the PUCCH cell within a slot in any situation. This may lead to dropping of e.g., high priority SPS HARQ on PCell if the gNB schedules dynamically LP HARQ-ACK on the dynamically indicated SCell but still is then still under full gNB control to prevent the HP HARQ-ACK dropping (i.e., do not indicate the SCell for the PUCCH carrying LP HARQ). 
Proposal 5.2: The UCI dropping on PCell happens irrespective of priorities if DCI indicates PUCCH switching to an overlapping SCell slot.   
[image: ]
Figure 5.1: PUCCHs with different priorities in overlapping slots of PCell and PUCCH SCell.

Switching based on semi-static configuration
PUCCH repetition
The following agreement was reached in RAN1 #106bis-e for PUCCH repetition: 
	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. 



The remaining question concerning repetitions with semi-static configuration is if the repetitions after the first one would stay on the cell of the first repetition or should they be transmitted following the semi-static switching pattern. Following the switching pattern is not straightforward because PUCCH configuration and SCS may be different in the PUCCH PCell and SCell. For this reason, we think the proposal of RAN1 #106b-e should be agreed:
Proposal 5.3: For semi-static PUCCH cell switching and PUCCH repetition, a PUCCH repetition mapping to a different target PUCCH cell from the target PUCCH cell of the first PUCCH repetition is not supported (i.e., the target PUCCH cell determination only applies to the first PUCCH repetition)
· Note: for semi-static PUCCH cell switching, the target PUCCH cell determined for the first PUCCH repetition applies to the PUCCH repetition bundle based on the Rel-16 PUCCH repetition procedure

Handling of different SCS of different PUCCH cells
For the situation of Fig. 5.2 where PCell slots are longer, RAN1 #106b-e reached the agreement: 

	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




Alt. 1 would not allow the gNB to distribute PUCCH load between the SCell slots and results in an effective HARQ-ACK delay granularity of the longer PCell slot length. Alt. 3 would allow better PUCCH load balancing opportunity with a simple signaling enhancement. We therefore propose

Proposal 5.4: 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 overlap with a single PCell slot), a relative slot-offset is configured in the time domain pattern (i.e. time domain pattern contains ‘cell index’ & ‘slot_offset’ for each P(S)Cell slot).
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Figure 5.2: PUCCH carrier switching to SCell with shorter slots.
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Figure 5.3: More than one PCell slot/subslot overlapping with a single SCell PUCCH slot

For the situation of Fig. 5.3, where PCell slots are shorter, RAN1 #106bis-e reached the agreement: 

	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 PUCCH cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot. 




Some companies were thinking that Alt. 4 would not be limiting in practice, but we think some limitations would exist when considering different SCS combinations of PCell & SCell. Moreover, there seems no special complexity involved with Alt. 2. considering the timelines: gNB needs to take care of that UCI mapped from slot k+1 to SCell PUCCH resource allows sufficient processing time just like it has to take care of that there is sufficient time to process the UCI for mapping to the SCell slot m in Figure 5.3 of the opposite case of slot lengths. To allow all configurations of slot lengths, we propose:
Proposal 5.5: For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot, 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. 
For the situation in Fig. 5.3, we repeat the proposal that was strongly supported in RAN 1 #106b-e and is relevant if SCell sub-slots/slots are longer than PCell slots. The proposal means that the semi-static switching pattern needs to include at most an entry per longer of the PCell and PUCCH SCell sub-slot/slot. For instance, if SCSs are equal but sub-slot lengths are 7 and 2, switching can change only at the slot boundary:  
Proposal 5.6: For PUCCH cell switching based on semi-static patterns, the UE does not expect a time-domain pattern configuration where the PUCCH cell switching point would not be aligned with the slot or sub-slot boundary of the secondary PUCCH cell. 

Joint operation of dynamic and semi-static switching
The same way as with several other features having interaction of semi-static configuration and dynamic indication, the dynamic indication should ‘over-ride’ the PUCCH cell determination based on semi-static configuration. This would mean that if the dynamic indication points to the PUCCH SCell and an overlapping semi-static configuration to PCell the UCI on the PCell would be dropped (assuming the RAN1 #106b-e conclusion on multiplexing with dynamic carrier indication holds). The dropping of UCI following the semi-static configuration would as well take place in the opposite case that dynamic indication points to PCell and the semi-static indication to SCell. 
In case both dynamic and semi-static indications point to the same PCell slot there would be multiplexing in the normal manner. However, if they both point to an SCell slot the situation is more complex because two k1 sets would be involved in the HARQ-ACK codebook generation specifically for Type1 CB. For semi-static switching, the followed k1 set corresponds to PCell PUCCH configuration while for DCI based dynamic switching it is the k1 set of the SCell PUCCH configuration. Taking this into account would complicate specification of Type 1 codebook construction as already discussed when considering to support HARQ-ACK multiplexing from PCell on the dynamically indicated PUCCH cell during RAN1#106bis-e. An alternative is that, if Type 1 codebook is configured, joint operation of dynamic and semi-static switching for HARQ-ACK codebook construction can be applied only when sub-slot/slot lengths of the PUCCH cells and the k1 sets of the PUCCH configurations are equal.
To summarize the discussions:
Proposal 5.7: For joint operation of semi-static and dynamic PUCCH cell switching, the UE operation follows the principles of the dynamic PUCCH cell indication operation by regarding the semi-statically determined PUCCH cell instead of the PCell/PSCell/PUCCH-SCell for the stand-alone operation. 
Proposal 5.8: For joint operation of semi-static and dynamic PUCCH cell switching, the UE does not expect to be configured with Type 1 HARQ-ACK codebook for the case of different slot/sub-slot lengths on PCell and SCell and/or differently configured k1 sets.   
Conclusion
In this contribution we discuss the identified issues for support or at least study based on the RAN1#102-e agreements. 
The discussions in Sec. 2 on dropping of SPS HARQ-ACK feedback in TDD operation can be summarized in the following related observations and proposals: 
Proposal 2.1: For interaction of SPS HARQ deferral and PUCCH repetition, the following is adopted: 
· If the PUCCH format or PUCCH resource in the initial slot has a PUCCH repetition factor larger than 1, the PUCCH repetition for SPS HARQ-ACKs follows the R16 rule without considering the rules of SPS HARQ deferral.
· In case the PUCCH indicated in the initial slot does not have a repetition factor larger than 1 and the PUCCH in the initial slot is invalid, the UE proceeds to determine a target PUCCH slot as per the specified R17 SPS HARQ deferral procedure. 
· In case the PUCCH format or PUCCH resource in the target PUCCH slot has a PUCCH repetition factor larger than 1, the >1 repetitions take place starting from the target PUCCH slot using the Rel-16 PUCCH repetition procedure without considering the maximum SPS HARQ deferral limitation.

Proposal 2.2: The maximum configurable SPS HARQ deferral value consists of a fixed range (i.e., not sub-slot/SCS dependent). Further down-select between Alt. 2 (1..16) and Alt. 3 (1..32).
Observation 2.1: For the interaction of SPS HARQ deferral and Rel-17 Intra-UE multiplexing, the rules for the target slot determination/handling could be further extended to take into account the new Release 17 UCI multiplexing allowing low-priority and high-priority UCI to be jointly reported in the target slot. FFS whether some special handling is needed in case full or partial dropping of the low-priority HARQ-ACK is eventually supported as part of the Rel-17 intra-UE multiplexing framework.
Proposal 2.3: Dynamic PUCCH carrier switching and SPS HARQ deferral cannot be simultaneously configured on a physical cell group.
Observation 2.2: Joint operation of SPS HARQ-ACK deferral and PUCCH carrier switching based on semi-static configuration could be supported without any needed additional enhancements, by first applying the PUCCH cell determination followed by the SPS deferral operation on the PUCCH slot /sub-slot of the target PUCCH cell.

The discussions in Sec. 3 on PUCCH repetition enhancements can be summarized in the following related observations and proposals: 
Proposal 3.1: Confirm the following RAN1#106bis-e working assumption: 
· (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. 

 
The discussions in Sec. 4 on retransmissions of dropped HARQ-ACK can be summarized in the following related observations and proposals: 
Proposal 4.1: When multiple enhanced Type 3 HARQ-ACK codebooks are configured and the triggering bit in the DCI is ‘1’
· if the FDRA field in the DCI is valid, the first enhanced Type 3 HARQ-ACK codebook from the list of CBs is triggered
· if the FDRA field in the DCI is not valid, the triggered enhanced Type 3 CB is indicated by some unused field in the DCI (e.g., the MCS field). 

Proposal 4.2: In addition to one-shot triggering of HARQ re-transmission after the initial PUCCH transmission slot, the triggering is supported before the initial PUCCH transmission slot
· Re-transmission triggering does not change processing for the initial PUCCH transmission
· The UE expects the PUCCH carrying the HARQ-ACK re-transmission to be scheduled in a slot/sub-slot after the initial PUCCH transmission slot/sub-slot. 
Proposal 4.3: The PUCCH slot/sub-slot n of the HARQ-ACK codebook to be re-transmitted is determined as n = m + k - HARQ_retx_offset where m is the slot/sub-slot of the triggering DCI and m+k is the slot/sub-slot of re-transmission. 
      
Proposal 4.4: The range of HARQ_retx_offset is from 1 to 16 or 32.
Proposal 4.5: Apply a 1-bit triggering DCI field for triggering indication of one-shot HARQ re-transmission on PUCCH. 
· The triggering DCI with the triggering bit set to ‘1’ does not schedule PDSCH. 
· The ‘one-shot HARQ-ACK request’ field is reused for triggering. 
· Some unused bit field in the DCI, e.g. modulation and coding scheme field, is used to indicate the HARQ-ACK CB to be re-transmitted. 
Proposal 4.6: Support simultaneous configuration of enhanced Type 3 CB and one-shot re-transmission of HARQ-ACK.

Proposal 4.7: Support joint configuration (and operation) of Rel-17 enhanced Type 3 CB and Rel-17 one-shot triggering of HARQ re-transmission reusing the Rel-16 one-shot CB request bit without additional overhead:
· The one-shot CB request bit in DCI set to ‘1’ and the DCI scheduling PDSCH, triggers the enhanced Type 3 CB configured with the lowest index. 
· The one-shot CB request bit in DCI set to ‘1’ and the DCI not scheduling PDSCH / DL-SCH, one unused DCI field (such as e.g. the HARQ ID field) determines if either the enhanced Type 3 CB (e.g. bit(s) set to 0) or one-shot HARQ-ACK retransmission on PUCCH (e.g. bit(s) set to 1) is triggered.
· For a triggered enhanced Type 3 CB, one other unused DCI field (such as the MCS field) is used to indicate which of the configured enhanced Type 3 CBs (from the list) is triggered. 
· For the one-shot HARQ-ACK retransmission on PUCCH, one other unused DCI field (such as the MCS field) is used to indicate the HARQ_retx_offset to determine the initial PUCCH slot of the HARQ-ACK codebook for re-transmission. 

The discussions in Sec. 5 on dynamic PUCCH carrier / cell switching can be summarized in the following related observations and proposals: 
Proposal 5.1: When DCI has indicated PUCCH switching to SCell, UE drops HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI transmissions in the overlapping slot(s). 

Proposal 5.2: The UCI dropping on PCell happens irrespective of priorities if DCI indicates PUCCH switching to an overlapping SCell slot.   
Proposal 5.3: For semi-static PUCCH cell switching and PUCCH repetition, a PUCCH repetition mapping to a different target PUCCH cell from the target PUCCH cell of the first PUCCH repetition is not supported (i.e., the target PUCCH cell determination only applies to the first PUCCH repetition)
· Note: for semi-static PUCCH cell switching, the target PUCCH cell determined for the first PUCCH repetition applies to the PUCCH repetition bundle based on the Rel-16 PUCCH repetition procedure

Proposal 5.4: 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 overlap with a single PCell slot), a relative slot-offset is configured in the time domain pattern (i.e., time domain pattern contains ‘cell index’ & ‘slot_offset’ for each P(S)Cell slot).
Proposal 5.5: For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot, 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. 
Proposal 5.6: For PUCCH cell switching based on semi-static patterns, the UE does not expect a time-domain pattern configuration where the PUCCH cell switching point would not be aligned with the slot or sub-slot boundary of the secondary PUCCH cell. 

Proposal 5.7: For joint operation of semi-static and dynamic PUCCH cell switching, the UE operation follows the principles of the dynamic PUCCH cell indication operation by regarding the semi-statically determined PUCCH cell instead of the PCell/PSCell/PUCCH-SCell for the stand-alone operation. 
Proposal 5.8: For joint operation of semi-static and dynamic PUCCH cell switching, the UE does not expect to be configured with Type 1 HARQ-ACK codebook for the case of different slot/sub-slot lengths on PCell and SCell and/or differently configured k1 sets.   
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Conclusion

It is clarified that a PUCCH repetition in case Naiey > 1 (including the first PUCCH

repetition) is postponed to the next available slot if the PUCCH repetition collides with SSB symbols or
symbols indicated as DL by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated.

e Thereis no consensus in RAN1 for whether or not the above case is supported in Rel-15 for the
first PUCCH repetition when the PUCCH is triggered by DCI.
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