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Introduction
In the last meeting, an agreement, a working assumption and a conclusion were made regarding on PUCCH enhancement. In this contribution, we discuss about dynamic PUCCH repetition factor indication.

Dynamic PUCCH repetition factor indication
In Rel-16 NR, since the number of PUCCH repetitions is indicated by RRC for the PUCCH Format, it is currently possible only after RRC connection. That is, if the UE is in an uplink coverage shortage situation when transmitting acknowledge for Msg 4, PUCCH also needs repetition when transmitting Msg3 PUSCH with repetition. However, since it was decided to apply dynamic PUCCH repetition without DCI enhancement, it is natural to be indicated without DCI enhancement in the same way for PUCCH without dedicated PUCCH resource configuration.

PUCCH repetition without dedicated PUCCH resource configuration
The UE without a dedicated PUCCH resource configuration receives a PUCCH transmission resource set configured with PRI and CCE index, and there is no repetition number in this PUCCH resource set. Therefore, in the case of a coverage limited UE, there is no way to overcome the channel until the RRC connection is established. Therefore, discussion for supporting the repetition of PUCCH for the UE who does not have dedicated PUCCH resource configuration is needed. The following three alternatives can be studied.
1. The number of PUCCH repetition is tied with the repetition number of PUSCH.
2. The PUCCH repetition number is indicated by new rule. (e.g., indicated by PRI, system information)
3. A new PUCCH resource set including the repetition number is defined.
First, as a method of relating the repetition number of PUCCH with the repetition number of PUSCH, it can be considered to introduce a mapping relationship between the repetition number and the PUCCH repetition number and apply it when the repetition of Msg3 PUSCH is configured. Second, adding a rule indicating the number of PUCCH repetitions by the combination of PRI and CCE index, or a method of indicating the number of PUCCH repetitions in SIB1 or other system information may be considered. Finally, a method of defining a multiple PUCCH resource sets which repetition is added may be considered. The pros and cons of each method should be discussed.
In our understanding, to ensure scheduling flexibility of gNB, it is not desirable to indicate repetition number of PUCCH without dedicated PUCCH resource by repetition number of PUSCH directly since the payload and channel is different between them. To support it, the repetition number of PUCCH can be derived from the number of PUSCH repetition, i.e., multiples or divides. Considering repetition number indication with PRI, it should be separated from the usage of PRI to indicate PUCCH resource set, which might lead limitation on repetition number indication. Therefore, the most simple and intuitive way is to introduce new PUCCH resource set which contains repetition number. 
Proposal 1: The following methods to configure PUCCH repetition for the UE without dedicated PUCCH resource configuration should be studied.
· PUCCH repetition is indicated by using repetition number of PUSCH.
· PUCCH repetition is indicated by PRI and/or system information.
· Introduce a PUCCH resource set with repetition number.

With dedicated PUCCH resource configuration
In the previous meeting, it was agreed that the dynamic PUCCH repetition factor indication without DCI enhancement is supported. For this, the simplest way for RRC enhancement would be to add a repetition number to the information element of PUCCH-resource. Since the CCE index is used for the resource selection rule of the existing PUCCH format 0 and PUCCH format 1, adding a new rule using the CCE index should not overlap with the existing rule. This may limit the scheduling flexibility of gNB, so it is better to avoid it. That is, it is preferable to add a repetition number to the PUCCH resource and indicate it only with PRI. Furthermore, format-specific repetition number indication enables gNB to indicate PUCCH format according to instantaneous channel variation adaptively. Since the target of DMRS bundling is to overcome low uplink SNR, it can be considered that additional DMRS is enabled when repetition number of PUCCH format is indicated.
Proposal 2: The repetition number of PUCCH is added in the information element of PUCCH-resource.

Conclusion
[bookmark: _GoBack]In this contribution, we discuss on specifications of PUCCH enhancement. From the discussion, we obtained following proposals:
Proposal 1: The following methods to configure PUCCH repetition for the UE without dedicated PUCCH resource configuration should be studied.
· PUCCH repetition is indicated by using repetition number of PUSCH.
· PUCCH repetition is indicated by PRI and/or system information.
· Introduce a PUCCH resource set with repetition number.
Proposal 2: The repetition number of PUCCH is added in the information element of PUCCH-resource.

Reference
[1] RAN1 chairman’s notes, RAN1 #106-e, e-Meeting, August 16th – 27th, 2021

Agreements in RAN1#106-e
	Confirm the following working assumption
Working assumption: 
In Rel-17, for a PUCCH with associated scheduling DCI, support the following for dynamic PUCCH repetition factor indication. 
· Enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource. Reuse Rel-16 PUCCH resource indication mechanism based on “PUCCH resource indicator” (PRI) field and starting CCE index (when applicable based on Rel-16 spec) of DCI to indicate a PUCCH resource and its associated repetition factor.
· FFS: RRC signaling enhancement details

Agreement 
· for a PUCCH resource, if both a new repetition parameter corresponding to Rel-17 dynamic PUCCH repetition factor indication and the Rel-15/16 nrofSlots are configured, the new repetition parameter overrides nrofSlots. 

Agreement
· In Rel-17, reuse the Rel-16 PUCCH repetition factors 2, 4, 8. 
· Do not support PUCCH repetition factor larger than 8 In Rel-17.
 
Agreement
· For DMRS bundling for PUCCH repetitions, RAN1 at least prioritize use cases 3 and 4a in R1-2104119.

Agreement
Dynamic PUCCH repetition factor indication for SR or P/SP-CSI on PUCCH is not supported in Rel-17.
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