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1. Introduction
In RAN1 106bis-e meeting, several agreements about PUCCH have been achieved, and detailed mechanism about signaling to support time domain window was discussed as well, which can be summarized as follows:
	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”
· Option 2: “configured TDW determination” -> “hopping intervals determination” -> “actual TDW determination”
· Option 4: “configured TDW determination” -> “actual TDW determination” and “hopping intervals determination”
Note: option 1, and 2, and 3 assume a hopping interval can be different than an actual TDW. Option 4 assumes a hopping interval is the same as an actual TDW. 



In this contribution, we will further discuss the remaining issues of the PUCCH enhancement based on above questions and conclusions.
1. DMRS bundling configuration granularity
In the previous meeting, the granularity of the RRC configuration for DMRS bundling with PUCCH repetitions was discussed. A remaining issue is whether RRC parameter ‘PUCCH-DMRS-Bundling’ i.e., RRC parameter to enable DMRS bundling across PUCCH repetitions, is configured per resource/format or per UL BWP. According to agreements for DMRS bundling for PUSCH repetitions [1], the parameter “PUSCH-DMRS-Bundling” has been supported and configured per UL BWP, common design can be used for PUCCH DMRS bundling. Compared to PUSCH, five different formats are supported for PUCCH, and PUCCH format 0 is a kind of DMRS less format, maintaining phase continuity and power consistency does not necessarily lead to better performance, especially we may consider postponing/ignoring the action of TPC command in the DMRS bundling TDW, which may degrade performance of PUCCH, especially for PUCCH format 0 without DMRS. Hence, we prefer DMRS bundling configured per UL BWP without format 0.
[bookmark: PP1]Proposal 1: DMRS bundling is not enabled for PUCCH format 0, if ‘PUCCH-DMRS-Bundling’ is configured per BWP.
Meanwhile, it was agreed that the window length should be separately configured for PUSCH and PUCCH. The remaining issue is that, whether the RRC parameter ‘PUCCH-TimeDomainWindowLength’ should be configured per PUCCH format/resource, or per PUCCH-config, or with other granularity?. In our opinion, per resource configuration is a more appropriate choice, since it can provide more flexibility by configuring different window lengths for different PUCCH resources. For example, a PUCCH resource with 2 repetition may achieve more performance gain through inter-slot frequency hopping rather than DMRS bundling, and a PUCCH with 4 repetition may achieve more performance gain through inter-slot frequency hopping with 2-slot DMRS bundling instead of 4-slot DMRS bundling only. It is beneficial to configure different bundle sizes for PUCCH resources with different bundle size, the same window length configuration can not obtain desirable performance. Hence, ‘PUCCH-TimeDomainWindowLength’ should be configured per PUCCH resource.
[bookmark: PP2]Proposal 2: ‘PUCCH-TimeDomainWindowLength’ is configured per PUCCH resource.
Sub-slot based PUCCH repetition have been introduced in URLLC, and PUCCH repetitions can be transmitted within a slot. For sub-slot based PUCCH repetition, DMRS bundling size of L = 1 slot may need to be introduced as well, if DMRS bundling for sub-slot PUCCH repetitions within a slot is supported.
[bookmark: PP3]Proposal 3: DMRS bundling size of L = 1 slot may need to be introduced, if DMRS bundling for sub-slot PUCCH repetitions within a slot is supported.
1. [bookmark: _Hlk86743511]Inter-slot frequency hopping with DMRS bundling
Inter-slot frequency hopping with inter-slot bundling has been discussed in previous e-meetings, and the detailed mechanism is to be downselected. 
According to the working assumption, the actual window could be determined by events due to dynamic signalling, if the frequency hopping pattern is determined subject to the actual window, once UE misses the dynamic signalling, the misalignment on frequency hopping pattern between gNB and UE would lead to severe performance degradation. Furthermore, actual windows could be created with irregular intervals, which could lead to asymetric frequency hopping pattern, and lead to more fragmentation of resources. Hence, frequency hopping intervals should not base on actual TDW, and thus op4 is not preferred. 
Besides, inter-slot frequency hopping with DMRS bundling is designed to acquire coverage gain, the main motivation is to obtain the performance gain from DMRS bundling as much as possible, configuring frequency hopping interval and configured window separately is obvious deviation from the original intention. Moreover, it has been agreed in AI 8.8.1.1 that no new inter-slot frequency hopping mechanism is introduced for PUSCH repetition type A without joint channel estimation [2]. If frequency hopping interval is configured by a separated RRC parameter, a new hopping pattern can be introduced when DMRS bundling is not enabled, which would violate previous agreements. Therefore, option-1 is not supported. 
In our opinion, frequency hopping pattern based on configured window is a simpler method. The hopping pattern determination seems more aligned with time domain window mechanism, and the configured windows are impacted only by semi-static indication, which is more stable for hopping pattern determination compared with option-4. Consequently, option 2 should be supported for inter-slot frequency hopping with DMRS bundling.


Figure 1. Examples of frequency hopping pattern with inter-slot bundling based on TDW
An example is shown in the Figure 1, it can be seen that hopping pattern is determined based on configured window. Even if a new actual time domain window can be restarted, the hopping position won’t be changed by the events inside the configured window to guarantee the stable of hopping pattern.
The starting RB for each frequency hop is determined by frequency hop index, instead of slot index for inter-slot frequency hopping without DMRS bundling. The frequency hopping index corresponds to the order of configured TDWs for PUCCH/PUSCH repetitions.

Where  is the configured TDW index, and is the number of configured TDW for the PUCCH/PUSCH repetitions,  is the starting RB within the UL BWP, and is the frequency offset in RBs between the two frequency hops.
[bookmark: PP4]Proposal 4: For inter-slot frequency hopping with DMRS bundling, opt-2 should be supported, i.e., frequency hop is performed per configured TDW.
[bookmark: PP5]Proposal 5: The starting RB for each frequency hop is determined by frequency hop index, and the frequency hopping index corresponds to the order of configured TDWs for PUCCH/PUSCH repetitions.
1. Related RRC parameters
Based on proposal 1 and proposal 2, suggested changes on RRC parameter are provided in the following table.
	Parameter Name
	RAN2 Parent IE
	RAN1 
spec/ section
	Values range
	New R17 vs
extension of R15/16
	UE-specific or Cell-specific
	Description

	PUCCH-DMRS -Bundling
	PUCCH-Config
	38.213
	ENUMERATED {enabled, disabled}
	new
	UE-specific
	Enabling/disabling of DM-RS bundling and time domain window for PUCCH repetitions.

	PUCCH-TimeDomainWindowLength
	PUCCH-resource
	38.213
	FFS
	new
	UE-specific
	Length of a configured time domain window in slots for DMRS bundling for PUCCH.


1. Conclusion
In this contribution, we analyze and discuss the relevant mechanisms of PUCCH DMRS bundling, and have the following proposals: 
Proposal 1: DMRS bundling is not enabled for PUCCH format 0, if ‘PUCCH-DMRS-Bundling’ is configured per BWP.
Proposal 2: ‘PUCCH-TimeDomainWindowLength’ is configured per PUCCH resource.
Proposal 3: DMRS bundling size of L = 1 slot may need to be introduced, if DMRS bundling for sub-slot PUCCH repetitions within a slot is supported.
Proposal 4: For inter-slot frequency hopping with DMRS bundling, opt-2 should be supported, i.e., frequency hop is performed per configured TDW.
Proposal 5: The starting RB for each frequency hop is determined by frequency hop index, and the frequency hopping index corresponds to the order of configured TDWs for PUCCH/PUSCH repetitions.
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