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1. Introduction
[bookmark: _Hlk48920876]During the RAN1# 104bis e-meeting, the following agreements were reached on enhancements on PUCCH coverage enhancement [1]. 
Agreements: Down select from the following two options to support dynamic PUCCH repetition factor indication.
· Option 1 (without DCI enhancement): Enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource. PUCCH repetition factor is implicitly indicated by DCI.
· FFS details, e.g., via reusing the “PUCCH resource indicator” field (without increase # bits of it), starting CCE index (when applicable) of DCI,  by PDCCH aggregation level, etc.
· FFS: RRC signaling enhancement details
· Option 2 (with DCI enhancement): PUCCH repetition factor is explicitly indicated by DCI
· e.g., introduce a new field or increase the number of bits of an existing field (e.g., PRI) in DCI for PUCCH repetition factor indication
· FFS whether there is a need for RRC update

Agreements: Subject to the prerequisite of DMRS bundling for PUCCH repetitions, enhance inter-slot frequency hopping pattern for PUCCH repetitions with DMRS bundling. 
· FFS: details in inter-slot frequency hopping pattern enhancement, e.g., additional frequency hopping patterns than Rel-16.
· Strive for common design for PUSCH/PUCCH with DMRS bundling as much as possible

Agreements:
Subject to the prerequisites of DMRS bundling for PUCCH repetitions, support enabling PUCCH repetitions with DMRS bundling via RRC configuration. 
· FFS: the configuration is per UE or per PUCCH resource. 
· FFS: whether additional dynamic signaling is needed to enable/disable PUCCH repetitions with DMRS bundling
· FFS: necessity of additional signaling/configuration of DMRS bundling duration/window and associated size

Conclusion: In Rel-17, deprioritize the study of DMRS pattern/location/granularity optimization for PUCCH coverage enhancement in AI 8.8.2. This conclusion could be revisited after the progress on the study of  DMRS pattern/location/granularity optimization for PUSCH coverage enhancement in AI 8.8.1.3. 

Conclusion: For the study of enhancing inter-slot frequency hopping pattern for PUCCH repetitions with DMRS bundling, at least the following aspects can be considered:
· Performance tradeoff between maximizing # consecutive UL slots in one frequency hop (to achieve more DMRS bundling gain) and maximizing # hops (to achieve more diversity gain)
· Note: the maximum # frequency hopping positions is still 2 as in Rel-15/16., which is signaled by startingPRB and secondHopPRB
· Interaction between hopping boundary determination and TDD configuration

Conclusion:: For the simulations to study the enhancement of inter-slot frequency hopping pattern for PUCCH repetitions with DMRS bundling, simulation assumptions in 38.830 are reused as a starting point. 
In this contribution, some key issues about PUCCH coverage enhancement are further analyzed, including dynamic PUCCH repetition factor indication and DMRS bundling across PUCCH repetitions.
1. Discussion
2.1 Dynamic PUCCH repetition factor indication
In Rel-15/16, slot-based PUCCH repetition is supported for PUCCH format 1/3/4 for coverage enhancement. But the number of PUCCH repetitions is configured semi-statically through RRC signal nrofSlots and gNB cannot dynamically change the PUCCH repetition number for a PUCCH format based on the link quality. Dynamic indication of PUCCH repetition factor was proposed in R17 to improve PUCCH coverage. 
There are two options for dynamic PUCCH repetition factor indication. One is without DCI enhancement: Another is with DCI enhancement, which needs to introduce a new field to increase the number of bits of an existing field. Considering not increasing the valuable DCI overhead unless necessary, we prefer option1, without DCI enhancement, and both implicitly or explicitly dynamic indication of PUCCH repetition factor can be considered.
One way for explicit indication without increasing the DCI overhead is reusing existing fields in DL scheduling DCI. For example, the 2bits power control fields of PUCCH in DCI 1_0/1_1/1_2 can be reused for the PUCCH repetition factor indication. Because PUCCH repetition schemes are mainly applicable for coverage enhancement for cell-edge users who already configured with full transmit power. Specifically, the PUCCH repetition factor can be compressed by taking the logarithm base 2 and then it is just fit to reuse 2bits power control fields. Another method is to use this 2bits power control fields to indicate a scale factor of repetition factor nrofSlots, such as scale factor= {0,0.5,1,2}. 
For supporting above reuse mechanism, implicit or explicit triggering methods also needs to be considered for identifying and indicating whether existing field in DCI is reused. One explicit way is to introduce a new RRC/MAC-CE signalling to inform UE that power control field in current DCI is reused for PUCCH repetition indication. Another implicit way is for example triggered by existing RRC parameter nrofSlots, when UE received a nonzero parameter nrofSlots, then dynamic repetition factor can be found in power control field by default.
Proposal 1: For without DCI enhancement, the 2bits power control fields of PUCCH in DCI 1_0/1_1/1_2 can be reused for the PUCCH repetition factor indication.
Implicit indication is also popular in saving DCI overhead. In RRC connected state, the UE can be configured with at most 4 PUCCH resource sets and each resources set includes 8 resources (the first PUCCH resource set can includes at most 32 resources) and then specific PUCCH resource can be indicated through PRI in the DL scheduling DCI dynamically. 
A straightforward way is adding repetition factor information for each PUCCH resource in each PUCCH resource set, that is, repetition factor is bundling with each PUCCH resource configuration. Then when a PUCCH resource is indicated by PRI, the corresponding repetition factor for this PUCCH resource is also be determined. This method is simple but will increase the complexity of PUCCH resource configuration and repetition number can only be changed with PUCCH resource.
[bookmark: OLE_LINK1][bookmark: OLE_LINK4]Another example is to reuse PRI fields. PRI fields in DCI contains 3 bits. Similarly, the first bit in PRI can indicate whether to enable or disable PUCCH repetition, remaining 2 bits indicates the number of repetition. Another example is the first bit in PRI can indicate whether to enlarge or reduce the PUCCH repetition factor nrofSlots, remaining 2 bits indicates the scale factor. However, because PRI needs to indicate the specific PUCCH resource, implicitly indication of PUCCH repetition through PRI is restrictive in current mechanism.
Proposal 2: Implicit indication without DCI enhancement should also be considered, such as bundle repetition number with PUCCH resource configuration and indicate through PRI.
2.2 DMRS bundling across PUCCH repetitions
To facilitate the joint channel estimation, DMRS bundling across PUCCH repetitions should be supported. As the same principle of cross-slot channel estimation solution for PUSCH coverage enhancement, frequency location during the PUCCH repetitions needs to remain the same in order to allow DMRS interpolation for channel estimation. So DMRS bundling should be jointly considered with frequency hopping. Inter-slot frequency hopping pattern for PUCCH repetitions with DMRS bundling may need to be further enhanced for PUCCH coverage enhancement. 
Because the number of hops is not going to increase, it's still going to be 2, enhancement mainly focus on changing the frequency hop interval. Although there is some gain for PUCCH DMRS bundling with some appropriate bundling granularity or window size through evaluation and simulations. For example, it can be observed that ~0.9dB performance gain with a fixed window size of 4 slots for PUSCH cross-slot channel estimation. A fixed frequency hopping pattern is not always appropriate when PUCCH repetition number and DMRS bundling size is dynamic configurable and changeable.
Configurable hopping patternS should be designed to guarantee that the frequency hop interval can be adjusted automatically with the number of repetitions or binding sizes changing. One method is configure the frequency hopping interval and bundling size or repetition number at the same time, it will increase the signaling overhead. Another method is predefine a scaler factor or a mapping rule, which is based on repetition number or bundling size. For example, as figure 1 shows, a scaler factor equal to 2 is predefined depends on a DMRS bundling size. Then if bundling size is 2, hopping interval is 4, if bundling size change to 3, hopping interval changes to 6. Besides, the mapping rule can also based on time window or repetition number.
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Proposal 3：Introduce configurable additional inter-slot frequency hopping patterns for PUCCH repetitions with DMRS bundling.
As for enabling PUCCH repetitions with DMRS bundling, we prefer multiple DMRS bundling sizes or duration can be configured per UE through RRC signaling, and one of them can be activated by dynamic DCI signaling. Through this RRC+DCI triggering and configuration mechanism, different DMRS bundling duration/window can be selected according to different PUCCH resource or PUCCH format or other factors, providing UE with substantial flexibility.
Proposal 4: Multiple semi-static DMRS bundling configurations can be configured by RRC for per UE, and one of the configuration is activated through DCI signaling.
1. Conclusion
In this contribution, we discussed on the potential techniques for PUCCH coverage enhancement in WID. Based on the discussion we made following proposals:
Proposal 1: For without DCI enhancement, the 2bits power control fields of PUCCH in DCI 1_0/1_1/1_2 can be reused for the PUCCH repetition factor indication.
Proposal 2: Implicit indication without DCI enhancement should also be considered, such as bundle repetition number with PUCCH resource configuration and indicate through PRI.
Proposal 3：Introduce configurable additional inter-slot frequency hopping patterns for PUCCH repetitions with DMRS bundling.
Proposal 4: Multiple semi-static DMRS bundling configurations can be configured by RRC for per UE, and one of the configuration is activated through DCI signaling.
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