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Introduction
During RAN#88-e plenary [1], it was agreed to specify in Rel-17 the required UE feedback enhancements for HARQ-ACK.

In this paper, we discuss some HARQ-ACK feedback enhancements like cross-carrier PUCCH switching. 
PUCCH Carrier Switching
In RAN1#105e [6], the following agreement has been made for the support of PUCCH carrier switching in Rel-17: 

Agreement: Support PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH and semi-static configuration 
· Details are FFS (including applicability of dynamic and/or semi-static means)
· Aim for minimum specification impact 
· Dynamic indication and/or semi-static configuration are subject to separate UE capabilities
· The semi-static PUCCH carrier switching configuration operation is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells and supports PUCCH carrier switching across cells with different numerologies.
· FFS whether additional rules are needed to support PUCCH carrier switching across cells with different numerologies
· FFS the maximum number of PUCCH cells
· FFS whether and how to support joint operation of dynamic and semi-static carrier switching for a UE
· FFS whether and how to support joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral

Two flavours are agreed to be both supported for the PUCCH carrier switching, the dynamic indication (Figure 1) and the semi-static one based on the RRC configured PUCCH cell timing pattern (
Figure 2). 
The dynamic indication has the flexibility advantage as the gNB can change the PUCCH carrier dynamically and select the most suitable carrier as needed especially if UL opportunities are available on multiple carriers. Also the dynamic indication allows for better load balancing by dynamically controlling the PUCCH feedback load across the carriers in the PUCCH group and a frequency selectivity gain by selecting the carrier with the best radio conditions. The dynamic indication is also very useful to help address many of the multiplexing issues. For example, if a PUSCH is overlapping with the PUCCH resources on a specific carrier, the gNB have the option to switch the PUCCH to another carrier to avoid dropping a LP-PUSCH or multiplexing with a HP-PUSCH which can compromise the reliability of both PUSCH and PUCCH.  The dynamic indication comes however with the DCI overhead cost as a new bit-field is required to be included in the DCI to indicate the new PUCCH carrier. 

The semi-static PUCCH cell timing pattern has less overhead and requires just an RRC configuration of the PUCCH cell timing pattern. 
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[bookmark: _Ref77776831]Figure 1:  Dynamic indication in DCI scheduling a PUCCH
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[bookmark: _Ref77776849]
Figure 2: Semi-static PUCCH cell timing pattern




Multiple remaining issues are still to be addressed under this topic:

· Applicability of dynamic and pattern-based options:
During the previous meeting, some companies suggested to have one of the two schemes above as a baseline. For example, the ddynamic indication is the baseline and if a dynamic indication of a PUCCH carrier is not available, the UE applies the RRC configured time-domain pattern to determine the PUCCH cell. Some other companies suggested to have the RRC configured time pattern applied to both configured and scheduled PUCCH. Also some other companies proposed to use the semi-static pattern as the aseline and the dynamic indication if the semi-static is not available. 
 

We think that the dynamic PUCCH carrier switching is suitable for the scheduled PUCCH and the semi-static PUCCH cell timing pattern is more suitable for configured PUCCH (SPS HARQ-ACK feedback). 


Proposal 1: Support the dynamic PUCCH carrier switching for scheduled PUCCH and support the semi-static PUCCH cell timing pattern for configured SPS HARQ-ACK PUCCH.



· Dynamic indication in the triggering DCI
We support including a new DCI field for the carrier switching indication for the dynamic PUCCH carrier switching. It is the simplest and the most flexible option. Also it follows the same design principle of cross-carrier scheduling. Hence, we need to add a new field similar to the CIF Carrier Indicator Field existing already for cross carrier PDSCH and PUSCH scheduling.

The option of re-using the existing 3-bit PRI field is very restrictive because it means only 8 states in total for both PRI and carrier selection. We don’t think the PRI + Carrier indication can be optimized together with the different PUCCH resources on each carrier.  

The option of extending the PRI bit-field is not very clear and the gain of this option compared to introducing a new DCI bit-field is not very clear. 

Proposal 2: Support of the dynamic indication in the triggering DCI by including a new DCI field for the carrier switching indication



· Reference Numerology for the PUCCH cell timing pattern
In RAN1#105e [6], the following agreement has been made for the reference numerology of the PDSCH to HARQ-ACK offset k1: 

Agreement: For PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH (i.e. Alt. 1), the PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology of the dynamically indicated target PUCCH cell.


The same question applies as well to the PUCCH cell timing pattern. Ideally, a unified solution for the PDSCH to HARQ-ACK offset k1 and the PUCCH cell timing pattern has to be adopted. But, the PUCCH cell timing pattern cannot unfortunately rely on the numerology of the target PUCCH carrier as the carrier keeps changing and the reference should remain fixed. 
Considering the PCell as reference could have good motivation to align with the legacy carrier of the PUCCH transmission. However, it could be very restrictive. 
Our preference is to have it configurable by the gNB. This option is very flexible and gives control to the gNB to select the best configuration. It comes however with the RRC signaling cost.


Proposal 3: For PUCCH carrier switching based on semi-static PUCCH cell timing pattern, the reference numerology for the timing pattern is configurable by the gNB. 


· Granularity of the PUCCH cell timing pattern
The granularity of the PUCCH cell timing pattern could be slot-based sub-slot-based or symbol-based. 
It is better to rely on the UL slot of the reference numerology. 
It is very complex to configure different patterns for slot- and sub-slot based PUCCHs or to use symbol level. 

Proposal 4: For PUCCH carrier switching based on semi-static PUCCH cell timing pattern, the granularity of the timing pattern UL slot of the reference numerology. 


· PUCCH resource configuration
Regarding the configuration, we prefer to define two levels of PUCCH configuration, “per PUCCH group” and “per PUCCH carrier”. The “per PUCCH group” configuration carry the PUCCH configuration common to the PUCCH carriers per PUCCH group. And the “per PUCCH carrier” carry the PUCCH configuration specific to a carrier (e.g. K1 list, power control, PUCCH formats, PUCCH resources,…)

Proposal 5: Define two levels of PUCCH configuration, “per PUCCH group” and “per PUCCH carrier”.

· PUCCH power control
Regarding the PUCCH power control for dynamically switched PUCCH resources. TPC commands for PUCCH are provided using DCI format 2_2 (TPC-PUCCH-RNTI). In mmWave operation, the MAC CE (PUCCH spatial relation activation/deactivation) signals to the UE to change the beam used for the PUCCH transmission. While changing the beam, the UE also changes the power control parameter sets at the same time. A similar approach could be adopted for the dynamic PUCCH carrier switch. Each cell carrying PUCCH has its own TPC configuration (PUCCH-PowerControl) and has its own TPC loop and when changing the PUCCH carrier the UE changes the power control parameters to use the ones associated to the new PUCCH carrier. 

Proposal 6: Each cell carrying PUCCH has its own TPC configuration (PUCCH-PowerControl) and has its own TPC loop. When switching the PUCCH carrier, UE changes the power control parameters to use the ones associated to the new PUCCH carrier.

Retransmission of cancelled HARQ
In RAN1#105e [6], the following Working Assumption has been reached: 


Working Assumption: For at least HARQ-ACK re-transmission:
· Support at least one enhanced Type 3 HARQ-ACK CB with smaller size (compared to Rel-16) in Rel-17
· Definition of enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook at least determined by RRC configuration 
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)
· Support one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB (i.e. Alt. 3) in Rel-17
· Details are FFS
· Enhanced Type 3 HARQ-ACK CB and/or one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB are subject to separate UE capabilities

We prefer the one-shot triggering of HRQ-ACK re-transmission on a PUCCH but we are fine to support the confirmation of the working assumption as long as the two flavours are subject to separate UE capabilities.
For the one-shot triggering, clarification is required on the content of the HARQ-ACK feedback. Is it going to be the dropped HARQ-ACK codebook only or is it a trigger to request transmission of all the HARQ-ACK of all the HARQ processes. 
The DL-DCI triggers concatenating the stored HARQ information (or parts of it) to the currently selected codebook. The concatenated size is used with the PRI field to select the PUCCH resource used for sending. 

Multiple options could be explored for the signalling and the support of one-shot triggering: 
· Alt-1: a new DCI field to be introduced for signalling. E.g. a new single bit triggers re-sending, i.e., concatenation or e.g. slot index(-ices) pointing back in time selecting the codebook(s) that are requested for resending 
· Alt-2: existing DCI field is reused for signalling. E.g. pre-configured special value of K1 or combination of K1 and another field (e.g. HARQ) triggers re-sending, i.e. concatenation. Another possibility is to define a pre-configured special value of HARQ process ID (or special value in another field different from K1) that triggers re-sending, i.e. concatenation.
· Alt-3: implicit signalling is used (based e.g. on RNTI, search space)
· Alt-4: the sending is triggered implicitly by the earliest PUCCH that is transmitted next or after the current slot.


Proposal 7: Explore the signalling and the support of one-shot triggering: 
· Alt-1: a new DCI field to be introduced for signalling. E.g. a new single bit triggers re-sending, i.e., concatenation or e.g. slot index(-ices) pointing back in time selecting the codebook(s) that are requested for resending 
· Alt-2: existing DCI field is reused for signalling. E.g. pre-configured special value of K1 or combination of K1 and another field (e.g. HARQ) triggers re-sending, i.e. concatenation. Another possibility is to define a pre-configured special value of HARQ process ID (or special value in another field different from K1) that triggers re-sending, i.e. concatenation.
· Alt-3: implicit signalling is used (based e.g. on RNTI, search space)
· Alt-4: the sending is triggered implicitly by the earliest PUCCH that is transmitted next or after the current slot.


Regarding the reduction of the size, we propose to consider only high priority HARQ-ACK feedback. For example the one-shot triggering can request only cells that are scheduled with PDSCH(s) that has high priority HARQ-ACK feedback.
Another alternative would be that the DCI triggering the one-shot HARQ-ACK transmission will trigger only previous PUCCHs scheduled by the same DCI format. Hence a DCI format 2_1 will trigger PUCCHs previously scheduled by DCI format 2_1. 
Another option is that the PHY priority DCI bit-field should be considered, and the PHY priority in the triggering DCI triggers only HARQ-ACK of the same priority. 
Proposal 8: The PHY priority in the triggering DCI triggers only HARQ-ACK of the same priority. 

Optimizing the size of Type 3 HARQ-ACK CB could be complex and sub-optimal. We therefore propose to support enhanced Type 3 HARQ-ACK CB for the LP-HARQ and the one-shot triggering for HP-HARQ. 


Proposal 9: Support enhanced Type 3 HARQ-ACK CB for the LP-HARQ and the one-shot triggering for HP-HARQ. 
SPS HARQ-ACK dropping for TDD
SPS HARQ-ACK deferral was discussed in previous meetings to avoid dropping when overlapping with DL slots in TDD. The main objectives are to improve the system reliability by avoiding the loss of SPS HARQ-ACK feedback and also for a better spectral efficiency by avoiding the retransmissions of the SPS-PDSCH. 

In RAN1#104e [4] and RAN1#104bis-e [5], the following agreements have been reached regarding the SPS HARQ-ACK dropping for TDD:
Agreements:
· [bookmark: _Hlk62406356]Support deferring SPS HARQ-ACK dropped due to TDD specific collisions until a next available PUCCH in Rel-17 based on semi-static configuration of slot format
· FFS: Details (including possible conditions for such a deferring, whether or not to consider semi-statically configured flexible symbols for PUCCH availability, etc.)
· Aim for minimal standardization efforts and UE complexity in implementation

[bookmark: _Hlk62747561]Agreements:
Further down-select between the following two options for SPS HARQ-ACK deferral: 
· Option 1: Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group 
· Note: any SPS HARQ-ACK within a PUCCH cell group in principle is subject to deferral
· Option 2: The SPS HARQ-ACK deferral is configured per SPS configuration
· Note: part of sps-config, only HARQ-ACK of SPS PDSCH configurations configured for deferral is in principle subject to deferral

Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the target slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.
Agreements: For SPS HARQ-ACK deferral, support a limit on the maximum deferral of SPS HARQ in terms of k1def  or k1+ k1def
· FFS: limitation given by a maximum value of k1def or a maximum of k1eff =k1+ k1def
· FFS how the limitation is determined (e.g. by K1 set(s) or RRC configured limit)
Agreements: For SPS HARQ-ACK deferral, there is no lower limit defined for k1def

Agreement: For SPS HARQ-ACK deferral, the limit on the maximum deferral of SPS HARQ is defined in terms of k1eff =k1+ k1def.
Agreement: For SPS HARQ-ACK deferral, the initial HARQ-ACK transmission occasion is considered to determine the out-of-order HARQ condition 
Agreements: For SPS HARQ-ACK deferral, there is no lower limit defined for k1def

An RRC configuration should be defined to enable/disable HARQ-ACK deferral. Configuring the deferral per SPS configuration offers more flexibility but comes with extra signaling overhead and complicates the UE implementation as the UE will need to treat the SPS HARQ-ACK differently and it is required to perform extra checks. If the UE can support the deferral it should be able to support it regardless of which SPS configuration.

Proposal 10: An RRC configuration should be defined to enable/disable HARQ-ACK deferral per PUCCH cell group
It was also agreed to define a limit on the maximum deferral of SPS HARQ-ACK and it is to be defined in terms of k1eff . Defining a limit is beneficial to reduce and limit the latency although this can be controlled by the gNB. The other advantage of setting an upper limit is to reduce the impact on Type-1 HARQ-ACK codebook size. One possibility is for k1eff  to not exceed the maximum value in the set of configured K1 values.

Proposal 11: k1eff  to not exceed the maximum value in the set of configured K1 values.

For the multiplexing of deferred SPS HARQ-ACK with other UCIs, it is preferred to keep the same Rel-16 UCI multiplexing rules and avoid any change to the existing mechanisms unless there is a dysfunctional scenario. 
There should be differentiation between the case of multiplexing the deferred SPS HARQ-ACK with another SPS HARQ-ACK ( new or deferred) and the case of multiplexing the deferred SPS HARQ-ACK with DG HARQ-ACK. The main reason of differentiation is to account for the risk of the UE missing the scheduling DCI which will lead to different interpretation at the gNB. To overcome that, the gNB may need to perform an extra attempt if it fails to decode PUCCH to account for the risk of missed DCI. The other option is to not allow multiplexing with the DG HARQ-ACK. 
Conclusion
In this contribution, we have made the following proposals:

Proposal 1: Support the dynamic PUCCH carrier switching for scheduled PUCCH and support the semi-static PUCCH cell timing pattern for configured SPS HARQ-ACK PUCCH.
Proposal 2: Support of the dynamic indication in the triggering DCI by including a new DCI field for the carrier switching indication
Proposal 3: For PUCCH carrier switching based on semi-static PUCCH cell timing pattern, the reference numerology for the timing pattern is configurable by the gNB. 
Proposal 4: For PUCCH carrier switching based on semi-static PUCCH cell timing pattern, the granularity of the timing pattern UL slot of the reference numerology. 
Proposal 5: Define two levels of PUCCH configuration, “per PUCCH group” and “per PUCCH carrier”.
Proposal 6: Each cell carrying PUCCH has its own TPC configuration (PUCCH-PowerControl) and has its own TPC loop. When switching the PUCCH carrier, UE changes the power control parameters to use the ones associated to the new PUCCH carrier.
Proposal 7: [bookmark: _GoBack]Explore the signalling and the support of one-shot triggering: 
· Alt-1: a new DCI field to be introduced for signalling. E.g. a new single bit triggers re-sending, i.e., concatenation or e.g. slot index(-ices) pointing back in time selecting the codebook(s) that are requested for resending 
· Alt-2: existing DCI field is reused for signalling. E.g. pre-configured special value of K1 or combination of K1 and another field (e.g. HARQ) triggers re-sending, i.e. concatenation. Another possibility is to define a pre-configured special value of HARQ process ID (or special value in another field different from K1) that triggers re-sending, i.e. concatenation.
· Alt-3: implicit signalling is used (based e.g. on RNTI, search space)
· Alt-4: the sending is triggered implicitly by the earliest PUCCH that is transmitted next or after the current slot.

Proposal 8: The PHY priority in the triggering DCI triggers only HARQ-ACK of the same priority.
Proposal 9: Support enhanced Type 3 HARQ-ACK CB for the LP-HARQ and the one-shot triggering for HP-HARQ. 
Proposal 10: An RRC configuration should be defined to enable/disable HARQ-ACK deferral per PUCCH cell group
Proposal 11: k1eff  to not exceed the maximum value in the set of configured K1 values.
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