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Introduction
[bookmark: _GoBack]In RAN1#104-e meeting, several agreements and a conclusion were made regarding on PUCCH enhancement [1]. In this contribution, we discuss about PUCCH enhancement including dynamic PUCCH repetition factor indication and DMRS bundling across PUCCH repetitions.

Dynamic PUCCH repetition factor indication
Scope of dynamic PUCCH repetition factor indication
In Rel-17 CE WI, a dynamic PUCCH repetition factor indication is being discussed, and mainly focused on using a DCI based indication. Regarding it, there was a discussion in the RAN1#104-e meeting on whether to introduce a dynamic PUCCH repetition indication to PUCCH without corresponding DCI. DCI would be required to dynamically indicate the PUCCH repetition factor to the PUCCH without corresponding DCI, but operation is impossible since it is not present. In order to make this possible, a new DCI design is needed, and it is questionable whether this is really necessary. In addition, assuming that such a DCI is present, it comes to be the same as the PUCCH with the existing corresponding DCI if it is used for grant, and DCI is used only for dynamic repetition factor indication, which is inefficient if it is not used for grant.
Dynamic PUCCH repetition factor indication of PUCCH without corresponding DCI, i.e., P-CSI, SP-CSI, HARQ-ACK for SPS PDSCH cannot be supported by existing specification since the indication of repetition number should be included in scheduling DCI. Therefore supporting dynamic indication of those PUCCHs would lead significant specification change, furthermore the necessary of it is unclear. However, repetition factor indication of PUCCH without corresponding DCI can be considered by MAC-CE enhancement. For example, MAC-CE which triggers HARQ-ACK for SPS PDSCH, SP-CSI can indicate repetition number.
Proposal 1: We should focus on dynamic PUCCH repetition factor indication of PUCCH with corresponding DCI.

Options for dynamic PUCCH repetition factor indication
 It was agreed to down select two options to support dynamic PUCCH repetition factor indication. One is without DCI enhancement and the other one is with DCI enhancement. The first option, dynamic PUCCH repetition factor indication without DCI enhancement, is based on enhancement of RRC signaling, and such a PUCCH repetition factor is implicitly designated as DCI. This option could have less flexibility compared to the second option, while minimizing the impact of the specification and saving reserved resources.
The second option is that the DCI enhancement based dynamic PUCCH repetition factor indication, which rely on a new field of DCI or bit increase of an existing DCI. This option could have the maximum flexibility, but on the other hand, it will use reserved resources. In this option, the simplest method of DCI enhancement is expressing the repetition number in DCI as it is, for example, a new bit field for a repetition number is defined. That is, of course, the most inefficient way which is not desirable.

One of the methods of minimum increment or not increasing the bit field of DCI is extending the repetition number to the PUCCH resource set indicated by the PRI proposed in the URLLC. The repetition of PUCCH and PUCCH resource is indicated by nrofslots in the UE-specific PUCCH parameter, PUCCH-Config. If the UE does not have this dedicated PUCCH resource configuration, the PUCCH resource is configured by PRI selecting one out of 16 PUCCH resources which is given in pucch-ResourceCommon. The proposed scheme in URLLC is to add a repetition number to the PUCCH resource sets indicated by the PRI or to reuse the PRI. That is, it can be considered to directly indicate the repetition number by the PRI to the UE having the dedicated PUCCH resource configuration, or to indicate by the enhanced PRI with extending the table of currently 16 PUCCH resource sets described in TS38.213. For the latter method, for example, whether to use a table of existing PUCCH resource sets or a table of a new PUCCH resource sets which contains repetition number can be indicated by 1 bit extension of the PRI or using a new 1 bit DCI, or using RRC signaling. Here, the table of the new PUCCH format resources can be considered to consist of repetition numbers (1), 2, 4, 8, etc. for PUCCH formats repetition is supported, i.e., formats 1, 3, and 4. As such, since the dynamic repetition factor indication of the PUCCH is possible without DCI enhancement or with minimal DCI enhancement, it is desirable to avoid maximum number of DCI bits to be increased or introduced.
Proposal 2:  For dynamic PUCCH repetition factor indication, reusing existing PRI or one bit extension of PRI is desirable.

DMRS bundling across PUCCH repetitions
The joint channel estimation for PUSCH, which is basically same with DMRS bundling, is currently being discussed in 8.8.1.3. Discussing same topic in different agenda seems to be redundant and can harm to unified framework. Therefore we should revisit DMRS bundling for PUCCH after joint channel estimation for PUSCH or at least agreements of joint channel estimation for PUSCH should be baseline for DMRS bundling across PUCCH repetitions.
Proposal 3: We should revisit DMRS bundling across PUCCH repetitions after joint channel estimation for PUSCH
.
Conclusion
In this contribution, we discuss on specification of PUCCH enhancement. From the discussion, we obtained following proposals.

Proposal 1: We should focus on dynamic PUCCH repetition factor indication of PUCCH with corresponding DCI.
Proposal 2:  For dynamic PUCCH repetition factor indication, reusing existing PRI or one bit extension of PRI is desirable.
Proposal 3: We should revisit DMRS bundling across PUCCH repetitions after joint channel estimation for PUSCH
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Agreement in RAN1#104-e meeting
	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. 
Note: Additional simulation scenarios/assumptions are not precluded. 
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