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1	Introduction
As per chair’s guidance, the discussion in this agenda item during this meeting is focused on two potential enhancements namely, retransmission of cancelled HARQ-ACK and PUCCH carrier switching. In this contribution we discuss our view with respect to these topics.
[bookmark: _Ref178064866]2	Discussion
2.1 Retransmission of cancelled HARQ
In Rel-16, intra UE UL prioritization is supported based on priority of the UL transmissions, e.g., priority of HARQ-ACK in PUCCH, priority of PUSCH, and priority of SR. In case that low-priority HARQ-ACK in PUCCH is dropped or cancelled due to UL prioritization, it may be beneficial that the dropped HARQ-ACK is retransmitted. One reason is to maintain resource efficiency as the PDSCH may have been received correctly and only the corresponding HARQ-ACK is dropped. It would be wasteful to schedule and transmit the PDSCH again. 
For low priority HARQ-ACK, it can be dropped due to collision with other high priority UL transmission. The dropped HARQ-ACK is most likely the HARQ-ACK of low priority traffic. Therefore, we do not see this as a critical issue for URLLC that requires a new dedicated solution. We note that there is already a parallel discussion in Rel-17 URLLC for supporting UL intra UE multiplexing where the low priority HARQ-ACK can be multiplexed into PUCCH or PUSCH with high priority instead of being dropped.
For high-priority HARQ-ACK, it should not be dropped due to prioritization. The only cases that it will be dropped are related to resource collision with invalid symbols which can be avoid by proper scheduling. In this sense, no solutions are needed to support this case either.
For any reason, if the scenario of cancelled HARQ-ACK is still present in Rel-17 and a solution in addition to any multiplexing solutions is still desired, it is sufficient to rely on the existing solutions such as HARQ-ACK feedback transmission based on Type-3 HARQ-ACK codebook. There is no strong need to introduce any new solution for retransmission of the dropped HARQ-ACK. Figure 1 illustrates an example of using Type-3 HARQ-ACK feedback to recover dropped low priority HARQ-ACK.
During previous meetings, the discussions are mainly focused on enhancements of Type-3 codebook in order to reduce the codebook size. From our point of view, the discussion should focus first on enabling usage of Type-3 codebook for URLLC, that is it can be supported in combination with the support of two-level priority transmissions, and it can also be triggered by Rel-16 DCI format 1_2.  Enabling the triggering Type-3 HARQ-ACK codebook with two-level priority and possibly by DCI format 1_2 requires minimum specification work as we explain below. When this goal is achieved, further enhancements can be discussed.
[bookmark: _Toc71672466]Type-3 HARQ-ACK codebook is not yet supported together with the 2-level PHY priority.
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[bookmark: _Ref61341968]Figure 1 Example of using Type-3 HARQ-ACK feedback to recover dropped HARQ-ACK. Here Type-3 HARQ-ACK feedback contains HARQ-ACK of all HARQ processes including the dropped ones.   

To better support Type-3 HARQ-ACK codebook for URLLC, it should be possible to support a priority indication in the DCI triggering Type-3 HARQ-ACK feedback. The support is simply enabled by including the corresponding fields for triggering the codebook in DCI 1_2 similarly to DCI 1_1 as well as allowing both DCI 1_1 and 1_2 to indicate a priority level when triggering a Type-3 HARQ-ACK code book. 
Note that even if the Type-3 HARQ-ACK feedback is triggered with high priority indication in the DCI, it still contains HARQ-ACK bits of all HARQ processes regardless of the priority.  That means that a Type-3 codebook can constitute both HP and LP HARQ-ACK bits. The priority indication here is used only for selecting proper parameters for PUCCH transmission from the corresponding PUCCH-Config and for the purpose of UL prioritization. 
With this support, the dropped HARQ-ACK can possibly be included immediately as part of the HARQ-ACK feedback based on Type-3 HARQ-ACK codebook. Figure 2 shows an example of how Type-3 HARQ-ACK feedback is used with priority indication to carry also the “would-be-dropped” HARQ-ACK. 
When Type-3 HARQ-ACK feedback is triggered, UE reports HARQ-ACK for all HARQ processes and all component carriers (CCs) configured in the PUCCH group. In some cases, the number of configured CCs are larger than that of the active ones. It is reasonable to limit Type-3 HARQ-ACK codebook to include only HARQ-ACK from all HARQ processes and all active CCs in the PUCCH group. In this way, the payload size of a Type-3 codebook can be simply reduced without changing the pseudo code for the codebook construction or introducing any new codebook.
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[bookmark: _Ref54200618]Figure 2 Example of Type-3 HARQ-ACK feedback with high priority indication in the triggering DCI. Here PUCCH with low priority HARQ-ACK is dropped, however the dropped HARQ-ACK bits would be included in the Type-3 HARQ-ACK codebook.   
Based on the above discussion, we propose the following:
[bookmark: _Toc71672474]Discussions on Type-3 HARQ-ACK codebook should prioritize “enabling” the feature for two-level priority transmission, rather than “enhancement of the codebook size”. 
[bookmark: _Toc71672475]Support triggering Type 3 HARQ-ACK codebook by DCI format 1_2 with or without scheduling a PDSCH.
[bookmark: _Toc71672476]Support priority indication in a DCI that triggers a Type 3 HARQ-ACK codebook.
[bookmark: _Toc71672477]An indicated priority in a DCI that triggers a Type-3 HARQ-ACK codebook, determines the associated PUCCH_Config for the corresponding PUCCH carrying the Type-3 HARQ-ACK codebook.
[bookmark: _Toc71672478]A Type 3 HARQ-ACK codebook can include both HP and LP HARQ-ACK bit. 
[bookmark: _Toc71672479]For construction of a Type-3 HARQ-ACK codebook, activated cells are considered rather than configured cells.
.
2.6	PUCCH carrier switching for HARQ feedback
By default, HARQ-ACK of a PDSCH is transmitted on the PCell or PUCCH-SCell of the corresponding PUCCH group. It was discussed that if the PCell has a DL heavy TDD pattern, there can be a long delay for HARQ-ACK feedback which leads to overall high transmission latency. Therefore, allowing HARQ-ACK to be transmitted on another serving cell other than PCell can be beneficial for achieving low latency for URLLC. It was agreed in RAN1 #103-e that for the discussion for PUCCH carrier switching, only cells which are part of the active UL CA configuration are considered. Furthermore, the following agreement was reached during RAN1#104-e. 
	
Agreements: For further study on whether and how to support PUCCH carrier switching in a PUCCH group, focus on the following three alternatives:
· Alt. 1: PUCCH carrier switching is based dynamic indication in DCI
· Alt. 2B: PUCCH carrier switching is based on certain (semi-static) rules
· Alt. 2C: PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells
· Note: In above alternatives, it is assumed that HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group, can be sent on a PUCCH on an Scell also instead of only on Pcell/PScell/PUCCH-SCell in the same PUCCH group, as opposed to Rel-16 where HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group can only be sent on Pcell/PScell/PUCCH-SCell in the same PUCCH group.
· Note: Realistic deployment scenarios including TDD configurations should be considered for the study



Different solutions for PUCCH carrier switching are discussed. However, from our point of view, the usefulness of the feature highly depends on the underlying conditions to support the feature. A PUCCH group consists of a set of TDD and/or FDD cells to enable DL and UL transmissions. With respect to PUCCH transmissions, currently there are restrictions which cell can be used for PUCCH transmissions. Therefore, in order to support the feature, first the underlying framework of the PUCCH group subject to PUCCH carrier switching, should ensure enough flexibility to benefit from the feature. In that light, we address the following conditions that have the highest importance from our point of view to ensure the usefulness of the feature.
[bookmark: _Toc71672467]The usefulness of PUCCH carrier switching highly depends on the underlying conditions to support the feature.

Condition 1: Enabling re-routing HARQ-ACK of PDSCH on Pcell to any cell in a PUCCH group
In our view, before supporting any dynamic or semi-static PUCCH carrier switching, the already existing framework for semi-static configuration of the PUCCH cell for HARQ-ACK feedback can be improved. Currently, the HARQ-ACK feedback of a PDSCH scheduled on PCell is routed only on PUCCH on PCell. We propose that it should also be possible to configure for PDSCH on PCell, a PUCCH Scell to indicate the serving cell of the same cell group to use for HARQ-ACK feedback. Otherwise, the operation of PUCCH carrier switching would be limited when DL is scheduled only on Scell. This aspect is reflected in the Note of the above agreement in relation to study scope of the PUCCH carrier switching. Therefore, we propose to support the condition described in the note as the following:
[bookmark: _Toc71672468]Support that HARQ-ACK corresponding to PDSCH received on a Pcell/PScell in a PUCCH group, can be sent on a PUCCH on an Scell in the same PUCCH group.

Condition 2: Mixed numerologies of cells in a PUCCH group PUCCH
Currently, there are different capability with respect to the SCS of the carrier with PUCCH transmission as compared to the SCS of the carrier with DL data. If PUCCH carrier switching is supported, it should be without any prerequisite on the SCS of the carriers in the PUCCH group. Otherwise, there will be limited CA configurations that PUCCH carrier switching could be applied for, which makes the usefulness of the feature questionable.
[bookmark: _Toc71672469]Operation of PUCCH carrier switching in a PUCCH group should not be conditioned on the numerologies in the PUCCH group, such that UL SCS can be same or larger/smaller than DL SCS.

Condition 3: gNB controlled PUCCH carrier switching
In general, we are not convinced that the operation of PUCCH carrier switching should be based on a fixed rule specified in specifications, since the rule may not always be suitable for the needs in real deployments. Even for URLLC application, the choice of UL carrier for PUCCH depends on many factors known to network that cannot be simplified based on specified rules. Such approach limits the network to benefit from the feature. Therefore, NW should control the selection of PUCCH carrier. This can be achieved by a field in DCI in case of dynamic PUCCH carrier switching and/or switching pattern configured by gNB.
[bookmark: _Toc71672470]Operation of PUCCH carrier switching in a PUCCH group should be under gNB control.

Condition 4: Extension of existing framework and inter-action with supported features 
Operation of PUCCH carrier switching should be based on an extension of existing framework to enable reuse of implementations.  
· pucch-Config and semi-static PUCCH configurations across UL cells: 
Extension of the existing framework can be achieved by extension of configuration of pucch-Config to other cells in the PUCCH group, if applicable. The same principle can be applied to semi-static PUCCH configurations such as SR, CSI and DL SPS HARQ-ACK PUCCH by allowing to follow an RRC pattern for the corresponding PUCCH cell index. Consideration and proper scaling using a reference UL cell, for example the one with smallest SCS, can be taken into account to adjust the corresponding periodicity and offset of the configuration. 
· Carrier switching only by indication/configuration:
Moreover, introducing PUCCH carrier switching should not result in complication of already existing procedures such as intra-UE multiplexing. For example, if the gNB indicates a carrier for PUCCH by DCI, other factors such as UCI multiplexing or PUCCH resource or payload size, etc. should not result in further changes of the carrier for PUCCH. 
· Different dynamic and semi-static PUCCH cells:
With respect to inter-action between dynamic PUCCH carrier switching and semi-static PUCCH with/without PUCCH carrier switching where both dynamic and semi-static PUCCHs end up on different cells in the PUCCH group, one can consider two approaches as the following:
· If simultaneous PUCCH/PUCCH transmission is supported, dynamic and semi-static PUCCHs can be transmitted simultaneously from different cells. The reason is given that both simultaneous PUSCH/PUSCH and simultaneous PUCCH/PUSCH are supported, it is not clear why the support of simultaneous PUCCH/PUCCH should not be considered as an obvious extension.
· Otherwise, the semi-static PUCCH configuration can be extended to multiple simultaneous transmission opportunities across the UL cells where one transmission opportunity can be used at a time, following the RRC configured cell index pattern described above, or in the presence of dynamic PUCCH, following the cell of dynamic PUCCH.

[bookmark: _Toc71672471]Operation of PUCCH carrier switching should be based on extension of existing PUCCH related procedures to more carriers in the PUCCH group.
[bookmark: _Toc71672472]If the gNB indicates a cell for PUCCH by DCI, other factors such as UCI multiplexing or PUCCH resource or payload size, etc. should not result in further changes of the cell for PUCCH.
[bookmark: _Toc71672473]Discussion are needed to understand joint operation of PUCCH carrier switching and simultaneous PUCCH/PUSCH transmission, as well as extension of simultaneous UL transmissions to simultaneous PUCCHs transmission on multiple carriers. 

Based on the above discussion, PUCCH carrier switching can be supported if the above conditions are met. Therefore, we propose the following:

[bookmark: _Toc71672480]Support PUCCH carrier switching in a PUCCH group based on at least the following conditions:
· [bookmark: _Toc71672481]HARQ-ACK corresponding to PDSCH received on a Pcell/PScell in the PUCCH group, can be sent on a PUCCH on an Scell in the same PUCCH group.
· [bookmark: _Toc71672482]No restriction to the relation between the numerologies in the PUCCH group
· [bookmark: _Toc71672483]The PUCCH cell index in the PUCCH group is indicated by DCI and/or determined based on a configured pattern.
[bookmark: _Toc71672484]Design of PUCCH carrier switching should be based on extension of existing PUCCH related procedures. An indicated PUCCH carrier for a UCI transmission should not be changed further for the UCI transmission.
[bookmark: _Toc71672485]Discuss joint operation of PUCCH carrier switching and simultaneous PUCCH/PUSCH transmission, and the extension of UL transmissions to simultaneous PUCCHs transmission.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Type-3 HARQ-ACK codebook is not yet supported together with the 2-level PHY priority.
Observation 2	The usefulness of PUCCH carrier switching highly depends on the underlying conditions to support the feature.
Observation 3	Support that HARQ-ACK corresponding to PDSCH received on a Pcell/PScell in a PUCCH group, can be sent on a PUCCH on an Scell in the same PUCCH group.
Observation 4	Operation of PUCCH carrier switching in a PUCCH group should not be conditioned on the numerologies in the PUCCH group, such that UL SCS can be same or larger/smaller than DL SCS.
Observation 5	Operation of PUCCH carrier switching in a PUCCH group should be under gNB control.
Observation 6	Operation of PUCCH carrier switching should be based on extension of existing PUCCH related procedures to more carriers in the PUCCH group.
Observation 7	If the gNB indicates a cell for PUCCH by DCI, other factors such as UCI multiplexing or PUCCH resource or payload size, etc. should not result in further changes of the cell for PUCCH.
Observation 8	Discussion are needed to understand joint operation of PUCCH carrier switching and simultaneous PUCCH/PUSCH transmission, as well as extension of simultaneous UL transmissions to simultaneous PUCCHs transmission on multiple carriers.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Discussions on Type-3 HARQ-ACK codebook should prioritize “enabling” the feature for two-level priority transmission, rather than “enhancement of the codebook size”.
Proposal 2	Support triggering Type 3 HARQ-ACK codebook by DCI format 1_2 with or without scheduling a PDSCH.
Proposal 3	Support priority indication in a DCI that triggers a Type 3 HARQ-ACK codebook.
Proposal 4	An indicated priority in a DCI that triggers a Type-3 HARQ-ACK codebook, determines the associated PUCCH_Config for the corresponding PUCCH carrying the Type-3 HARQ-ACK codebook.
Proposal 5	A Type 3 HARQ-ACK codebook can include both HP and LP HARQ-ACK bit.
Proposal 6	For construction of a Type-3 HARQ-ACK codebook, activated cells are considered rather than configured cells.
Proposal 7	Support PUCCH carrier switching in a PUCCH group based on at least the following conditions:
	HARQ-ACK corresponding to PDSCH received on a Pcell/PScell in the PUCCH group, can be sent on a PUCCH on an Scell in the same PUCCH group.
	No restriction to the relation between the numerologies in the PUCCH group
	The PUCCH cell index in the PUCCH group is indicated by DCI and/or determined based on a configured pattern.
Proposal 8	Design of PUCCH carrier switching should be based on extension of existing PUCCH related procedures. An indicated PUCCH carrier for a UCI transmission should not be changed further for the UCI transmission.
Proposal 9	Discuss joint operation of PUCCH carrier switching and simultaneous PUCCH/PUSCH transmission, and the extension of UL transmissions to simultaneous PUCCHs transmission.
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