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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

Multiplexing of UCI on PCell/PSCell/PUCCH-SCell on the dynamically indicated PUCCH cell
In RAN1#106bis-e, the following conclusion has been reached. 
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

From the conclusion, 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 would not be supported. 

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) could be beneficial to avoid dropping and improve latency for PUCCH transmission. However, it comes with a lot of specification effort and too much details that are difficult to address in Rel-17. Hence, it is better not to support any multiplexing schemes with PUCCH carrier switching in Rel-17. 
 We are fine with the UE not expecting or the UE dropping the overlapping HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI.
The overlapping definition for SR and P/SP-CSI is in terms of PUCCH slot. PUCCH carrier switching in the middle of the PUCCH slot or between sub-slots should not be supported. Multiple PUCCHs in the same slot should rely on the same PUCCH carrier. 

Proposal 1: The UE is not expecting an overlapping HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI with the dynamically indicated PUCCH

Proposal 2: The overlapping definition for SR and P/SP-CSI is in terms of PUCCH slot.
Different PUCCH slot length handling for semi-static PUCCH carrier switching
The following agreement has been reached in RAN1#106bis-e when PCell slot is shorter than the target PUCCH cell slot. 

Agreement
Down-select in RAN1#107-e from Alt. 2 & Alt. 4 below:
For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot,  
· Alt. 2: the UE does not expect the same UCI type (i.e. HARQ-ACK, SR or CSI) from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot
· Note: there can be e.g. HARQ-ACK only be present in either of the overlapping slots, but not in more than one overlapping slot. 
· Alt. 4: the UE does not expect a semi-static PUCC cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot. 

The agreement is addressing the case where the PCell slot is shorter than the target PUCCH cell slot.
Alt-2 and Alt4 have been shortlisted.  

Alt-4 in other words mean to restrict PCell to have smaller SCS than other SCells which is very restrictive for the PUCCH carrier switching feature and we don’t see any tangible reason to have this restriction. 
Alt-2 on the other hand seems less restrictive while addressing the issue. 

Proposal 3: Support Alt-2 for the case of PCell slot is 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. 

The following agreement has been reached for the case when PCell slot is longer than the target PUCCH cell slot or sub-slot
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 is the best solution to guarantee the best latency by using the first slot, also it is simple and doesn’t require extra signaling overhead. 

Proposal 4: Support Alt-1 for the case of PCell slot is longer than the target PUCCH cell slot or sub-slot
· Alt. 1: the first target PUCCH slot overlapping with the PCell slot

PUCCH repetitions
The PUCCH repetition mapping to a different target PUCCH cell from the target PUCCH cell of the first PUCCH repetition should be supported. Restricting the PUCCH repetitions operation goes against the purpose of the PUCCH carrier switching of improving the latency and the reliability. This should be supported at least with the semi-static PUCCH carrier switching with the timing pattern where there is no need to indicate the carrier of each PUCCH repetition and each repetition can take place on different serving cell following the PUCCH timing pattern. This avoids dropping PUCCH repetitions mapped to a different PUCCH cell than the first PUCCH repetition. 
This should be supported at least for the case of carriers with the same numerology and the same slot/sub-slot configurations, which comes with no extra complexity or any specification effort. For example, in case of sub-slot configuration, some PUCCH repetitions can take place on one PUCCH carrier and the remaining repetitions could take place on different PUCCH carriers, on the following slots on other PUCCH carriers (following the semi-static PUCCH pattern). This could also be restricted to PUCCH carrying HARQ-CK feedback if needed. 

Proposal 5: 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 supported. 

For the dynamic PUCCH cell switching, the main concern is how to determine the PUCCH carrier for each PUCCH repetition. For the semi-static case, the timing pattern is enough. For the dynamic case, there is need to signal an indication of the PUCCH carrier per repetition. 

In Rel-15, from the description in [TS 38.213, section 9.2.6 ], repetition is sent as long as the first UL symbol is available and the consecutive number of UL symbols required are also available.   In other words PUCCH repetitions will resume after DL slots. The same behavior should be used for the dynamic PUCCH cell switching. 
Proposal 6: For dynamic PUCCH cell switching and PUCCH repetition, the Rel-15 design should be used. i.e. PUCCH repetitions will resume after DL slots on the same PUCCH carrier . 
DCI Bit-field for K1 indication
The following agreement has been made in RAN1#106e: 

Agreement
Update the following RAN1#105-e agreement as (RED):   
· RAN1#105-e Agreement: For PUCCH carrier switching, the PUCCH resource 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

From this agreement, different K1 sets could be configured per PUCCH carrier. But, it should be clarified which K1 set(s) is to be used to derive the DCI bit-field size for the K1 signalling. One possible option is to determine the size of the k1 bit-field in the DCI (Format 1_2, Format 1_1) based on the largest K1 set in a PUCCH group and then pad the bit-field with zero if a shorter K1 list is used for other PUCCH carriers. 

Proposal 7: Determine the size of the k1 bit-field in the DCI (Format 1_2 , Format 1_1) based on the largest K1 set in a PUCCH cell group and then pad the bit-field with zeros if a shorter K1 list is used for other PUCCH carriers

PUCCH carrier switching only within UL carriers
UL CA configuration is mainly for PUSCH data so far and not for PUCCH. To avoid any ambiguity, there is need to extend the same understanding to PUCCH and limit PUCCH to the UL carriers. 

PUCCH carrier switching should be allowed only within configured UL CCs (PUSCH & PUCCH). 
Eg. 
· If gNB configures UE DL 4CC (CC0, CC1, CC2, CC3) and UL 2CC (CC0, CC1), PUCCH carrier switching is only valid between CC0 and CC1. PUCCH is not allowed to transmit on CC2 and CC3. 
· If gNB configures UE DL 4CC (CC0, CC1, CC2, CC3) and UL 1CC (CC0), no PUCCH carrier switching. PUCCH is not allowed to transmit on CC1, CC2 and CC3.

It will be implementation friendly to have PUCCH carrier switching only within UL carriers. The PUCCH carrier switching should be linked to UL CA, it will be complicated for the UE to perform switching the Tx chain from UL CC to DL CC for a PUCCH transmission.

The example below can give more clarification: 

	
	Slot#1
	Slot#2
	Slot#3
	Slot#4
	Slot#5

	CC1
	D
	D
	S
	U
	U

	CC2
	D
	U
	D
	U
	D




UE configuration: 
1. UE with 2Rx, 1Tx
1. DL CA: CC1, CC2
1. UL: CC1 

In slot #2, can the UE switch to CC2 for PUCCH transmission?  

Proposal 8: The PUCCH carrier switching should be only within the configured UL carriers. 

Rel-16 Tx switch vs. Rel-17 PUCCH carrier switch  
Rel-17 PUCCH carrier switching cares only about the logical UL channel. However, Rel-16 Tx switching cares about the physical Tx chains. R16 Tx switching and R17 PUCCH carrier switching can be two independent features. However, if the two features both supported, should a new switching time requirement for PUCCH carrier switching be defined if both of them happening simultaneously or is the Rel-16 Tx switching time enough (38.214 6.1.6) ? 
Also if the UE is 1 Tx capable, can the UE switch carrier for a PUCCH transmission? And is switching time required in that case? 

	Case 
	Support Rel-17 PUCCH carrier switch
	Support Rel-16 Tx switch
	UE behaviour

	1
	O
	X
	· A) Switch PUCCH between UL CC#1 and UL CC#2. Both UL CCs have only 1 Tx.
· For a 2 TX capable UE, switch time is not needed for PUCCH CC switch. 

	
	
	
	· B) Switch PUCCH between UL CC#1 and UL CC#2. 
· For a 1 Tx capable UE, switch time is needed for PUCCH Carrier switching.

	2
	X
	O
	· Switch Tx chains between {1Tx at CC#1 + 1Tx at CC#2} and {2Tx at CC#2}. 
· Switch time is needed. And the support of Rel-16 Tx switching time is needed

	3
	O
	O
	· The above 2 UE behaviours can be done at the same time. 
In this case, switching time is also needed in PUCCH carrier switching. 

Switching time requirement is properly defined in R16 Tx switching, no need to additionally define switching time requirement for R17 PUCCH carrier switching in this case. 




Also, switching time for PUCCH carrier switch maybe needed in general depending on implementation as there may be a need to move data from PCell / PSCell / PUCCH-SCell buffers to another PUCCH carrier buffer which may come with an extra processing/time. Hence, switching time could be needed for PUCCH carrier switching for some implementations. In that case, the switching gap of R17 PUCCH carrier switching could follow the definition in R16 Tx switching.


Proposal 9:  UE reports if the Rel-16 Tx switching time is needed for the Rel-17 PUCCH carrier switching. 


PUCCH power control
In RAN1#106bis-e, the following agreement has been reach for the PUCCH power control: 
Agreement
For PUCCH cell switching, support independent TPC per PUCCH cell including
· Separate P0 / TPC configuration per PUCCH cell
· Note: This flexibility is already provided as PUCCH-config is per UL BWP of a PUCCH cell
· Accumulating closed loop power control commands only within the same PUCCH target cell by reusing Rel-15 procedure, i.e.
· For dynamic PUCCH cell indication, the TPC command in the DCI scheduling the PUCCH only applies for the dynamically indicated PUCCH target cell
· For semi-static / time-domain pattern, the TPC command in the DCI scheduling the PUCCH only applies for the determined PUCCH target (using the time-domain pattern)
· Separate TPC command indication using DCI format 2_2 for the individual PUCCH cells
· Note: this requires configuration of individual TPC command starting points for each PUCCH cell within DCI format 2_2

TPC commands for PUCCH are provided using DCI format 2_2 (TPC-PUCCH-RNTI). To address the ambiguity of knowing to which PUCCH cell the TPC command in DCI format 2_2 is applied, a new DCI bit-field should be included to DCI format 2_2 as it is the case for other DCI formats to indicate the PUCCH carrier to which the TPC command applies.
Proposal 10: A new DCI bit-field should be included in the DCI format 2_2 to indicate the PUCCH carrier to which the TPC command applies.


PUCCH carrier switching for SR
Similar as the PUCCH configuration, the scheduling request configuration (SchedulingRequestConfig) should be defined per PUCCH carrier in the PUCCH group and the UE selects another scheduling request configuration when switching to another PUCCH carrier. Also, when switching from one PUCCH carrier to another PUCCH carrier, the SR priority index (e.g. phy-PriorityIndex-r16) is not changed.


Proposal 11: The scheduling request configuration (SchedulingRequestConfig) should be defined per PUCCH carrier in the PUCCH cell group


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



Intra-UE multiplexing with dynamic PUCCH 

Proposal 13:  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
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 construction 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 14: HARQ-ACK codebook per PUCCH carrier to be supported. 

 
Conclusion
In this contribution, we have made the following proposals:

Proposal 1: The UE is not expecting an overlapping HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI with the dynamically indicated PUCCH

Proposal 2: The overlapping definition for SR and P/SP-CSI is in terms of PUCCH slot.


Proposal 3: Support Alt-2 for the case of PCell slot is 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. 

Proposal 4: Support Alt-1 for the case of PCell slot is longer than the target PUCCH cell slot or sub-slot
· Alt. 1: the first target PUCCH slot overlapping with the PCell slot


Proposal 5: 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 supported. 

Proposal 6: For dynamic PUCCH cell switching and PUCCH repetition, the Rel-15 design should be used. i.e. PUCCH repetitions will resume after DL slots on the same PUCCH carrier . 

Proposal 7: Determine the size of the k1 bit-field in the DCI (Format 1_2 , Format 1_1) based on the largest K1 set in a PUCCH cell group and then pad the bit-field with zeros if a shorter K1 list is used for other PUCCH carriers

Proposal 8: The PUCCH carrier switching should be only within the configured UL carriers. 

Proposal 9:  UE reports if the Rel-16 TX switching time is needed for the Rel-17 PUCCH carrier switching. 
Proposal 10: A new DCI bit-field should be included in the DCI format 2_2 to indicate the PUCCH carrier to which the TPC command applies.

Proposal 11: The scheduling request configuration (SchedulingRequestConfig) should be defined per PUCCH carrier in the PUCCH group


Proposal 12: Multiple carriers switching leading to the same initial carrier is allowed. 

Proposal 13:  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 14: HARQ-ACK codebook per PUCCH carrier to be supported. 
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