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[bookmark: _Ref506539118]Introduction
At the RAN1#107b-e meeting, the following agreements were made regarding PUCCH enhancements [1]:
Agreement 
In column J of RRC parameter “PUCCH-nrofSlots-r17”, add a note as the following:
· Note: a PUCCH resource not configured with PUCCH-nrofSlots-r17 can attain the value of 1 according to when the Rel-15/16 parameter nrofSlots is not configured.
Agreement
For PUCCH repetitions and PUSCH repetitions with DMRS bundling, introduce the following two RRC parameters for frequency hopping interval configuration. 
· PUCCH-Frequencyhopping-Interval
· PUSCH-Frequencyhopping-Interval
Note: finalize the details (such as value range, parent IE, etc…) of these two RRC parameters in RAN1 107#bis-e. 
Agreement
PUCCH repetitions with different sets of power control parameters in multi-TRP operation should be regarded as a [semi-static] event that causes power consistency and phase continuity not to be maintained across PUCCH repetitions. 
Agreement
· The RRC parameter “PUCCH-DMRS-Bundling” is per UL BWP, and the RRC parameter “PUCCH-TimeDomainWindowLength” is per UL BWP. 
· PUCCH DMRS bundling is not supported for PUCCH format 0/2. 
Agreement
Adopt the following table for the RRC parameters PUCCH-nrofSlots-r17, PUCCH-DMRS-Bundling, PUCCH-TimeDomainWindowLength, PUCCH-Window-Restart, PUCCH-Frequencyhopping-Interval, and PUSCH-Frequencyhopping-Interval.

	WI code
	Sub-feature group
	Parameter name in the spec
	New or existing?
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	UE-specific or Cell-specific

	NR_cov_enh-Core
	PUCCH enhancements
	PUCCH-nrofSlots-r17
	new
	A new repetition parameter corresponding to Rel-17 dynamic PUCCH repetition factor indication. The new repetition parameter is configured per PUCCH resource and should be in PUCCH-Resource.
Note: a PUCCH resource not configured with PUCCH-nrofSlots-r17 can attain the value of 1 according to when the Rel-15/16 parameter nrofSlots is not configured.
	ENUMERATED {2, 4, 8}
	 
	In PUCCH-resource
	UE-specific

	NR_cov_enh-Core
	DM-RS bundling for PUCCH
	PUCCH-DMRS-Bundling
	new
	Enabling/disabling of DM-RS bundling and time domain window for PUCCH repetitions.
	ENUMERATED {enabled, disable }
	 
	in PUCCH-Config
Note: The RRC parameter “PUCCH-DMRS-Bundling” is per UL BWP. PUCCH DMRS Bundling is not supported for PUCCH format 0/2
	UE-specific

	NR_cov_enh-Core
	DM-RS bundling for PUCCH
	PUCCH-TimeDomainWindowLength
	new
	Length of a [nominal] time domain window in slots for DMRS bundling for PUCCH.
	INTEGER (2..[8])
Note: the value shall not exceed the maximum duration
	 
	in PUCCH-Config
Note: The RRC parameter “PUCCH-TimeDomainWindowLength” is per UL BWP. PUCCH DMRS Bundling is not supported for PUCCH format 0/2
	UE-specific

	NR_cov_enh-Core
	DM-RS bundling for PUCCH
	PUCCH-Window-Restart
	new
	UE bundles PUCCH DM-RS slots remaining in a bundling nominal time domain window after a slot for which events violate power consistency and phase continuity requirements
 
UE bundles PUCCH DM-RS remaining in a nominal time domain window after dynamic event(s) triggered by DCI or MAC-CE that violate power consistency and phase continuity requirements
Note: Events, which are triggered by DCI or MAC CE, but regarded as semi-static events, e.g. frequency hopping, UL beam switching for multi-TRP operation, or other if defined, are excluded.
	ENUMERATED {enabled, disable }
	 
	in PUCCH-Config
	UE-specific

	NR_cov_enh-Core
	DM-RS bundling for PUCCH
	PUCCH-Frequencyhopping-Interval
	New
	Number of consecutive slots for UE to perform Rel-17 inter-slot frequency hopping with inter-slot bundling for PUCCH
Note: When DMRS bundling for PUCCH is enabled by PUCCH-DMRS-Bundling, PUCCH frequency hopping interval is only determined by the configuration of PUCCH hopping interval if PUCCH hopping interval is configured.
 
	FFS
	　PUCCH-TimeDomainWindowLength
	in PUCCH-Config
	UE-specific

	NR_cov_enh-Core
	DM-RS bundling for PUSCH
	PUSCH-Frequencyhopping-Interval
	New
	Number of consecutive slots for UE to perform Rel-17 inter-slot frequency hopping with inter-slot bundling for PUSCH.
Note 1: This RRC parameter is shared for both DG-PUSCH and CG-PUSCH
Note 2: When DMRS bundling for PUSCH is enabled by PUSCH-DMRS-Bundling, PUSCH frequency hopping interval is only determined by the configuration of PUSCH hopping interval if PUSCH hopping interval is configured.
 
	FFS
	　PUSCH-TimeDomainWindowLength
	in PUSCH-Config
	UE-specific


 Agreement
The same mechanism supporting inter-slot frequency hopping with inter-slot bundling for DMRS bundling for type-A PUSCH repetitions is reused for TBoMS with/without repetitions.
· No optimization of FH mechanism specific to TBoMS with repetitions
In the contribution, we discuss remaining issues for PUCCH enhancements. Our views on enhancements on PUSCH repetition type A, TB processing over multi-slot PUSCH and joint channel estimation for PUSCH are described in our companion contributions [2], [3] and [4], respectively. 
Discussion on dynamic repetition factor indication
At the RAN1#106-e meeting, it was agreed to enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource for dynamic PUCCH repetition factor indication. Further, it was agreed that dynamic PUCCH repetition factor indication for SR or P/SP-CSI on PUCCH is not supported in Rel-17 [5]. This is due to the fact that SR or P/SP-CSI on PUCCH is configured by RRC signalling, where UCI payload size is semi-statically determined. In this case, it is not reasonable to dynamically change the PUCCH repetition factor when PUCCH is used to carry semi-static UCI information.  
Note that as defined in Rel-15, a PUCCH resource carrying HARQ-ACK feedback of SPS PDSCH which is not associated with or activated by a DCI is configured by higher layers. The same logic as mentioned above can also be applied for the HARQ-ACK of SPS PDSCH. More specifically, dynamic PUCCH repetition factor indication for HARQ-ACK of SPS PDSCH which is not associated with or activated by a DCI is not supported.
Proposal 1
· Dynamic PUCCH repetition factor indication for HARQ-ACK of SPS PDSCH which is not associated with or activated by a DCI is not supported. 
· No TP is needed for dynamic PUCCH repetition factor indication for HARQ-ACK of SPS PDSCH which is not associated with or activated by a DCI. 

Discussion on events for PUCCH repetitions
At the RAN1#107b-e meeting, it was agreed that PUCCH repetitions with different sets of power control parameters in multi-TRP operation should be regarded as an event that causes power consistency and phase continuity not to be maintained across PUCCH repetitions. Further, it is FFS whether this is treated as semi-static or dynamic event [1]. In our view, similar design principle for frequency hopping and UL beam switching can be reused, i.e., to treat PUCCH repetitions with different sets of power control parameters as semi-static event. In this case, UE should restart the DMRS bundling within a nominal TDW in case of PUCCH repetitions with UL beams switching and different sets of power control parameters.
The following TP is proposed for PUCCH repetitions with UL beams switching and different sets of power control parameters for multi-TRP operation:
	------------------------------   TP#1: TS 38.214-----------------------------------
[bookmark: _Toc91695505]6.1.7	UE procedure for determining time domain windows for bundling DM-RS
< Unchanged text omitted >
The UE shall maintain power consistency and phase continuity within an actual TDW, across PUSCH transmissions of PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots, or across PUCCH transmissions of PUCCH repetition, in case the actual TDW is created in response to frequency hopping, or in response to the use of a different SRS resource set association for the two PUSCH transmissions of PUSCH repetition type A, or PUSCH repetition type B, [or in response to the use of different spatial relations or different power control parameters for the two PUCCH transmissions of PUCCH repetition,] or in response to any event not triggered by DCI or MAC-CE. The UE maintains power consistency and phase continuity within an actual TDW, across PUSCH transmissions of PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots, or across PUCCH transmissions of PUCCH repetition, in case the actual TDW is created in response to an event triggered by DCI other than frequency hopping or by MAC-CE, subject to UE capability. 
< Unchanged text omitted >



Proposal 2
· PUCCH repetitions with UL beams switching and different sets of power control parameters for multi-TRP operation is regarded as a semi-static event. 
· Agree TP#1 for PUCCH repetitions with UL beams switching and different sets of power control parameters for multi-TRP operation.

Discussion on enhanced inter-slot frequency hopping 
At the RAN1#107-e meeting, for the interaction between inter-slot frequency hopping and DMRS bundling for PUCCH/PUSCH repetitions, Option 1 was agreed, where hopping intervals can be determined independently from configured TDW determination [6]. Note that the Option 1 can provide appropriate tradeoff between frequency diversity gain and channel estimation gain. This can also achieve maximal flexibility on the frequency resource allocation in the network, e.g., to avoid resource fragmentation for different UEs. 
In Rel-15/16, inter-slot frequency hopping pattern for PUSCH repetition is defined based on physical slot index. Following the same design principle, in case of inter-slot frequency hopping with inter-slot bundling, frequency hopping pattern can also be determined based on physical slot index, which can help achieve backward compatibility for the legacy design. 
However, for PUCCH repetition, frequency hopping pattern is determined based on relative physical slot index in case of inter-slot frequency hopping, where the slot with first repetition is considered as slot 0 for the first hop. In this case, for backward compatibility, it would be more desirable to also define the frequency hopping pattern for inter-slot frequency hopping with inter-slot bundling based on relative physical slot index for PUCCH repetition.  
Further, for inter-slot frequency hopping and inter-slot bundling, if both hopping interval and TDW length are not configured, it is FFS the default hopping interval. Note that if default hopping interval is equal to default window length of the configured TDW, this would indicate that inter-slot frequency hopping with inter-slot bundling is disabled, which may not be desirable from network configuration. To provide both frequency diversity and channel estimation gain, it is more appropriate to consider half of default window length of the configured TDW as the default hopping interval. 
The following TP is proposed for inter-slot frequency hopping with inter-slot bundling for PUSCH repetitions.
	[bookmark: _Toc29673229][bookmark: _Toc29673370][bookmark: _Toc29674363][bookmark: _Toc36645593][bookmark: _Toc45810642][bookmark: _Toc91695517]------------------------------   TP#2: TS 38.214-----------------------------------
6.3.1	Frequency hopping for PUSCH repetition Type A and for TB processing over multiple slots
< Unchanged text omitted >
In case of inter-slot frequency hopping and when PUSCH-DMRS-Bundling is not enabled, the starting RB during slot  is given by:
	, 
where  is the current slot number within a radio frame, where a multi-slot PUSCH transmission can take place,  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) and is the frequency offset in RBs between the two frequency hops.
In case of inter-slot frequency hopping and when PUSCH-DMRS-Bundling is enabled, the starting RB during slot  is given by:
	, 
where  is the current slot number within a radio frame, where a multi-slot PUSCH transmission can take place,  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2), is the frequency offset in RBs between the two frequency hops and  is the frequency hopping interval, which is 
-	Given by PUSCH-Frequencyhopping-Interval, if configured.
-	Given by PUSCH-TimeDomainWindowLength, if PUSCH-Frequencyhopping-Interval is not configured and PUCCH-TimeDomainWindowLength is configured.
-	Computed as min ([maxDMRS-BundlingDuration], M)/2, if PUSCH-Frequencyhopping-Interval and PUSCH-TimeDomainWindowLength are not configured, where M is defined in Clause 6.1.7.
< Unchanged text omitted >



Similarly, the following TP is proposed for inter-slot frequency hopping with inter-slot bundling for PUCCH repetitions.
	------------------------------   TP#3: TS 38.213-----------------------------------
[bookmark: _Toc12021483][bookmark: _Toc20311595][bookmark: _Toc26719420][bookmark: _Toc29894855][bookmark: _Toc29899154][bookmark: _Toc29899572][bookmark: _Toc29917309][bookmark: _Toc36498183][bookmark: _Toc45699210][bookmark: _Toc92093855]9.2.6	PUCCH repetition procedure
< Unchanged text omitted >
For , 
-	the UE repeats the PUCCH transmission with the UCI over  slots 
-	a PUCCH transmission in each of the  slots has a same number of consecutive symbols, as provided by nrofSymbols
-	a PUCCH transmission in each of the  slots has a same first symbol, as provided by startingSymbolIndex if subslotLengthForPUCCH is not provided; otherwise mod(startingSymbolIndex, subslotLengthForPUCCH)
-	the UE is configured by interslotFrequencyHopping whether or not to perform frequency hopping for PUCCH transmissions in different slots
-	if the UE is configured to perform frequency hopping for PUCCH transmissions across different slots 
-	the UE performs frequency hopping per slot
-	when PUSCH-DMRS-Bundling is not enabled, if the UE transmits the PUCCH starting from a first PRB, provided by startingPRB, in slots with even number and starting from the second PRB, provided by secondHopPRB, in slots with odd number. The slot indicated to the UE for the first PUCCH transmission has number 0 and each subsequent slot until the UE transmits the PUCCH in  slots is counted regardless of whether or not the UE transmits the PUCCH in the slot
-	when PUSCH-DMRS-Bundling is enabled, if the UE transmits the PUCCH starting from a first PRB, provided by startingPRB, in slots with  and starting from the second PRB, provided by secondHopPRB, in slots with . The slot n indicated to the UE for the first PUCCH transmission has number 0 and each subsequent slot until the UE transmits the PUCCH in  slots is counted regardless of whether or not the UE transmits the PUCCH in the slot.  is the frequency hopping interval, which is 
-	Given by PUCCH-Frequencyhopping-Interval, if configured.
-	Given by PUCCH-TimeDomainWindowLength, if PUCCH-Frequencyhopping-Interval is not configured and PUCCH-TimeDomainWindowLength is configured.
-	Computed as min ([maxDMRS-BundlingDuration], M)/2, if PUCCH-Frequencyhopping-Interval and PUCCH-TimeDomainWindowLength are not configured, where M is defined in Clause 6.1.7.
-	the UE does not expect to be configured to perform frequency hopping for a PUCCH transmission within a slot
-	If the UE is not configured to perform frequency hopping for PUCCH transmissions across different slots and if the UE is configured to perform frequency hopping for a PUCCH transmission within a slot, the frequency hopping pattern between the first PRB and the second PRB is same within each slot 
< Unchanged text omitted >


Proposal 3
· For inter-slot frequency hopping with inter-slot bundling
· For PUSCH repetition, frequency hopping pattern is determined based on physical slot index. 
· For PUCCH repetition, frequency hopping pattern is determined based on relative physical slot index. 
· If hopping interval and TDW length are not configured, default hopping interval is half of default window length of the configured TDW. 
· Agree TP#2 and TP#3 for inter-slot frequency hopping with inter-slot bundling for PUSCH and PUCCH repetitions, respectively.

[bookmark: _Ref52481833]Conclusions
In this contribution, we discussed remaining issues for PUCCH enhancements. Further, we summarize the proposals as follows:
Proposal 1
· Dynamic PUCCH repetition factor indication for HARQ-ACK of SPS PDSCH which is not associated with or activated by a DCI is not supported. 
· No TP is needed for dynamic PUCCH repetition factor indication for HARQ-ACK of SPS PDSCH which is not associated with or activated by a DCI. 
Proposal 2
· PUCCH repetitions with UL beams switching and different sets of power control parameters for multi-TRP operation is regarded as a semi-static event. 
· Agree TP#1 for PUCCH repetitions with UL beams switching and different sets of power control parameters for multi-TRP operation.
Proposal 3
· For inter-slot frequency hopping with inter-slot bundling
· For PUSCH repetition, frequency hopping pattern is determined based on physical slot index. 
· For PUCCH repetition, frequency hopping pattern is determined based on relative physical slot index. 
· If hopping interval and TDW length are not configured, default hopping interval is half of default window length of the configured TDW. 
· Agree TP#2 and TP#3 for inter-slot frequency hopping with inter-slot bundling for PUSCH and PUCCH repetitions, respectively.
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