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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

In RAN1#106e [7], the following agreements have been reached: 

Agreement
· RAN1#105-e Agreement: For PUCCH carrier switching, the PUCCH configuration (i.e. pucch-Config / PUCCH-ConfigurationList) is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell).
· FFS: CSI and SR


Agreement
Semi-static PUCCH carrier switching is applicable to all UCI types incl. HARQ-ACK, SR and CSI. 


Hence, 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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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 meetings, some companies suggested to have one of the two schemes above as a baseline. For example, the dynamic 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 baseline 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. Using a fixed cell for the granularity of the time domain could be very restrictive especially if different carriers have different numerologies and different K1 sets.  
 

Proposal 3: For PUCCH carrier switching based on semi-static PUCCH cell timing pattern, the reference numerology for the timing pattern for k1 interpretation is the target PUCCH cell.  


· 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 is the slot of the reference cell, where the reference cell is configured to the UE. 

· 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 5: 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.

· SUL support
PUCCH carrier switching involving SUL should also be supported in Rel-17. Both cases with PUCCH switching among different cells with some of the cell(s) configured with both NUL and SUL or also the case of PUCCH switching among NUL and SUL of a single cell. Apart from the confusion from the previously used “cell/carrier” terminology, there is no technical motivation to exclude these scenarios from PUCCH carrier switching. 
Some companies argued that if a single cell supports both NUL and SUL then the gNB can configure the SUL carrier to carry the PUCCH in the first place so the argument of the TDD impacts would not be there, and that the argument for the SUL was to allow simultaneous UL/DL operation of a cell and if having the PUCCH configured on SUL for a cell then it is sufficient. PUCCH carrier switching is still useful in this scenario especially the dynamic switching to address the variability in the wireless channel and select the carrier with the best channel conditions for the PUCCH transmission. 
Proposal 6: Both cases with PUCCH switching among different cells with some of the cell(s) configured with both NUL and SUL or also the case of PUCCH switching among NUL and SUL of a single cell are supported. 


· PUCCH carrier overriding
The DCI must select a potential codebook for HARQ Feedback: by specifying a CC and a slot/sub-slot on that CC. That is a codebook CB(ccA,B) is selected by specifying A and B.  

The potential issue here is: could CB(cc2,1) be overridden again to CB(cc1,2) ?  In that case we are indirectly changing the (sub-)slot on CC1. 
[image: ]
 
Multiple carriers switching can lead to going back to the same carrier which is similar to postponing the PUCCH transmission which shouldn’t create any issue.


Proposal 7: Multiple carriers switching leading to the same initial carrier is allowed. 


· Intra-UE multiplexing with dynamic PUCCH 

Proposal 8:  If LP-PUCCH transmission is overlapping with HP-CG-PUSCH, the UE prioritizes the transmission of PUSCH and the gNB needs to re-schedule the PUCCH transmission on different or same carrier. For HP-PUCCH re-use Rel-16 prioritization rules.
 

· HARQ-ACK codebook per PUCCH group or PUCCH carrier
With a PUCCH configuration per PUCCH carrier, the HARQ-ACK codebook could be: 
Option 1:  defined per PUCCH group (Rel-16) 
· only one PUCCH at a time and carrier is dynamic
[bookmark: _GoBack]Option 2: defined per PUCCH carrier. Within the same PUCCH group, HARQ-ACK codebooks as much as the number of PUCCH carriers.
· Complexity of having multiple CBs in parallel.
· If there is overlap in time, the UE will have issue in transmitting simultaneous PUCCHs. But this can be avoided by defining some restrictions.

Proposal 9: HARQ-ACK codebook per PUCCH carrier to be supported. 

 
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 for k1 interpretation is the target PUCCH cell.  

Proposal 4: For PUCCH carrier switching based on semi-static PUCCH cell timing pattern, the granularity of the timing pattern is the slot of the reference cell, where the reference cell is configured to the UE. 

Proposal 5: 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 6: Both cases with PUCCH switching among different cells with some of the cell(s) configured with both NUL and SUL or also the case of PUCCH switching among NUL and SUL of a single cell are supported. 


Proposal 7: Multiple carriers switching leading to the same initial carrier is allowed. 

Proposal 8:  If LP-PUCCH transmission is overlapping with HP-CG-PUSCH, the UE prioritizes the transmission of PUSCH and the gNB needs to re-schedule the PUCCH transmission on different or same carrier. For HP-PUCCH re-use Rel-16 prioritization rules.
 

Proposal 9: HARQ-ACK codebook per PUCCH carrier to be supported. 
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