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Introduction
Most of the critical issues regarding DMRS bundling for PUCCH repetitions were resolved in RAN1 107-e meeting. This document discusses some of the remaining issues including interaction with inter-slot frequency hopping and granularity of RRC parameter configurations.

[bookmark: _Hlk23927392]RRC Parameters for DMRS Bundling
In R1-2112976, the following RRC parameters are defined in the context of DMRS bundling for PUCCH repetitions:
	[PUCCH-DMRS-Bundling]
	new
	 
	Enabling/disabling of DM-RS bundling and time domain window for PUCCH repetitions. 
	ENUMERATED {enabled, disable }
	 
	FFS
	[UE-specific]

	PUCCH-TimeDomainWindowLength
	new
	 
	Length of a configured [nominal] time domain window in slots for DMRS bundling for PUCCH.
	FFS
	 
	[in PUCCH-Config]
	[UE-specific]



Whether these parameters are to be equally applicable across all PUCCH formats or whether each format can be configured independently remains to be clarified. 
Noting that gain from DMRS bundling comes at the expense of diversity, it may be preferable to have different settings for different formats. We also need to be mindful of FR2 networks where beam sweeping across short repetitions might be preferred. For these reasons we make the following proposal:
Proposal 1: Configure PUCCH-DMRS-Bundling and PUCCH-TimeDomainWindowLength independently for each PUCCH format. 
Inter-slot frequency hopping
In RAN1 107-e meeting, the following agreement was reached:
	Agreement 
For the interaction between inter-slot frequency hopping and DMRS bundling for PUCCH/PUSCH repetitions, a UE performs the “hopping intervals determination”, “configured TDW determination”, and “actual TDW determination” in a sequential ordering, based on the following option 1.

· Option 1: “hopping intervals determination” -> “configured TDW determination” -> “actual TDW determination”
· DMRS bundling shall be restarted at the beginning of each frequency hop
· DMRS bunding is per actual TDW
· FFS: Frequency hopping pattern is determined by physical slot indices.
· FFS: different FH pattern determination for PUCCH and PUSCH
· FFS: details of FH pattern design
· Support separate RRC configuration(s) for hopping interval and configured TDW length. 
· if hopping interval is not configured, the default hopping interval is the same as the configured TDW length
· FFS: if both hopping interval and TDW length are not configured
· Note: hopping interval is only determined by the configuration of hopping interval if hopping interval is configured




In the following we discuss the determination of the frequency hopping pattern and its dependence on physical slot indices.
We propose the following procedure to describe how inter-slot frequency hopping and DMRS bundling may interact with each other and be enabled at the same time.
For the purposes of DMRS bundling, a gNB may configure a UE with a new frequency hopping pattern. This new frequency pattern defines groups of contiguous physical slots that are assigned to each frequency hop. For example, slots 0 to 3 could be assigned to first hop, slots 4 to 7 could be assigned to second hop, and so on. Note that this a predetermined/static mapping between hops to physical slots. This strives to prioritize frequency hopping and the efficient use of resources over DMRS bundling.
Thus, once UE determines the set of available slots for a sequence of PUSCH repetitions, it assigns hop indices to each slot that’s available based on the predetermined hopping patter that it is configured with. Once these two steps are completed, it proceeds to determining the placement of the time domain windows. Hop indices are factored into time domain window locations and two slots with different hop indices are not bundled together.
The three-step procedure can be summarized as follows:
1. Identify available slots for PUSCH/PUCCH reps
1. Determine frequency hopping index for each available slot based on the configured hopping pattern for DMRS bundling
1. Determine configured TDWs for DMRS bundling assuming frequency hop allocations made in Step 2. UE ensures that no two slots with different hop indices are bundled together.

The above process is figuratively represented below, where a UE is scheduled to transmit PUSCH with 8 repetitions and a 4-slot hopping pattern. Note that the hopping pattern is decoupled from the start of PUSCH repetitions.
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Figure 6 Inter-slot frequency hopping with DMRS bundling
With the above discussion in mind, we make the following proposal.
[bookmark: _Hlk71027981]Proposal 2: Frequency hopping pattern for DMRS bundling across PUCCH transmissions is determined based on physical slot indices. 
Conclusion 
This document presents our views on DMRS bundling across PUCCH repetitions. In particular, we make the following proposals: 

Proposal 1: Configure PUCCH-DMRS-Bundling and PUCCH-TimeDomainWindowLength independently for each PUCCH format. 
Proposal 2: Frequency hopping pattern for DMRS bundling across PUCCH transmissions is determined based on physical slot indices. 
Reference
[1] Chairman notes, 3GPP TSG RAN1 meeting #107-e, e-Meeting, November 11th – 19th, 2021.
Appendix A: Agreements in RAN1 107-e e-meeting [1]

	 Agreement 
For a PUCCH resource to transmit a PUCCH without an associated scheduling DCI (e.g. P/SP-CSI or SR), if the PUCCH resource is configured with RRC parameter “nrofSlots-r17”, “nrofSlots-r17” is ignored and the RRC parameter “nrofSlots” is used for determining the repetition factor of the specific PUCCH resource.
Agreement
The following use case 5 of PUCCH DMRS bundling is not supported in Rel-17
· Use case 5: PUCCH repetitions across non-consecutive slots.
· Use case 5a: no uplink transmission in the middle of two PUCCH repetitions
· Use case 5b: other uplink transmissions in the middle of two PUCCH repetitions

Agreement  
For PUCCH DMRS bundling, when appliable, reuse the procedure developed for PUSCH DMRS bundling to determine configured TDW(s) and actual TDW(s).
· FFS: events for PUCCH actual TDW(s)

Agreement 
For the interaction between inter-slot frequency hopping and DMRS bundling for PUCCH/PUSCH repetitions, a UE perform the “hopping intervals determination”, “configured TDW determination”, and “actual TDW determination” in a sequential ordering.  One option of the following options is to be selected.
· Option 1: “hopping intervals determination” -> “configured TDW determination” -> “actual TDW determination”
· FFS: DMRS bundling should be restarted in case of frequency hopping event
· FFS: whether same or separate RRC configuration(s) for hopping interval and configured TDW. 

· Option 2: “configured TDW determination” -> “hopping intervals determination” -> “actual TDW determination”

Agreement 
For the interaction between inter-slot frequency hopping and DMRS bundling for PUCCH/PUSCH repetitions, a UE performs the “hopping intervals determination”, “configured TDW determination”, and “actual TDW determination” in a sequential ordering, based on the following option 1.

· Option 1: “hopping intervals determination” -> “configured TDW determination” -> “actual TDW determination”
· DMRS bundling shall be restarted at the beginning of each frequency hop
· DMRS bunding is per actual TDW
· FFS: Frequency hopping pattern is determined by physical slot indices.
· FFS: different FH pattern determination for PUCCH and PUSCH
· FFS: details of FH pattern design
· Support separate RRC configuration(s) for hopping interval and configured TDW length. 
· if hopping interval is not configured, the default hopping interval is the same as the configured TDW length
· FFS: if both hopping interval and TDW length are not configured
· Note: hopping interval is only determined by the configuration of hopping interval if hopping interval is configured
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