[bookmark: _GoBack]3GPP TSG RAN WG1 #106bis-e			R1-2109695
e-Meeting, October 11th – 19th, 2021

Source:	NTT DOCOMO, INC.
Title:	PUCCH enhancements for coverage enhancement
[bookmark: Source]Agenda Item:	8.8.2 
[bookmark: DocumentFor]Document for: 	Discussion
1. Introduction
At the RAN1#90-e meeting, a new WID [1] on “NR coverage enhancements” was approved. In this contribution, we discuss on the potential techniques for coverage enhancements for PUCCH.

2. Discussion on PUCCH enhancements
2.1 Dynamic PUCCH repetition factor indication 
At the RAN1#106-e meeting, dynamic PUCCH repetition factor indication was discussed and following agreement was made [2].
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


The FFS point of the working assumption is the RRC signaling enhancement details for the dynamic PUCCH repetition factor indication. The PUCCH repetition factures are going to be configured per PUCCH resource, so that they can be configured in the PUCCH resources field in PUCCH-Config information element as described in Fig. 1. 
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Figure 1. Example of configuration for PUCCH repetition factures per PUCCH resource in PUCCH Config IE

Proposal 1: PUCCH repetition factures can be configured in the PUCCH resource field in PUCCH-Config IE.

At the RAN1#106-e meeting, it was agreed to support slot-based PUCCH repetition for PUCCH Format 0 and 2 for single TRP operation under IIoT/URLLC WI. Although the CovEnh WI focuses on the enhancement of long PUCCH formats, short PUCCH formats are also important for FR2 operation in the view points of operators. And there is not specific motivation to exclude short PUCCH formats from the dynamic PUCCH repetition factor indication, so that it is the straightforward way to support the dynamic PUCCH repetition factor indication for all PUCCH formats.

Proposal 2: Dynamic PUCCH repetition factor indication should be supported for all PUCCH formats (format 0, 1, 2, 3, 4).

2.2 DMRS bundling across PUCCH repetitions
At the RAN1#106-e meeting, DMRS bundling across PUSCH repetitions was discussed and the agreement and part of the working assumption are captured as follows [2].
Agreement
· Joint channel estimation for PUSCH transmissions and the time domain window are jointly enabled or disabled via RRC configuration for a UE.
· Note: Enabling/disabling of joint channel estimation for PUSCH transmissions means enabling/disabling of DMRS bundling for PUSCH transmissions under the condition of power consistency and phase continuity.

Working assumption:
For joint channel estimation for PUSCH repetition type A of PUSCH repetitions of the same TB, all the repetitions are covered by one or multiple consecutive/non-consecutive configured TDWs.
   Each configured TDW consists of one or multiple consecutive physical slots.
   The window length L of the configured TDW(s) can be explicitly configured with a single value and L is no longer than the maximum duration.
‐   FFS: The maximum value of L is the duration of all repetitions
‐   FFS: Solutions to error propagation issue if for L is longer than the maximum duration is to be discussed further.
‐   FFS: The window length L is configured per UL BWP 


At the RAN1#105-e meeting, it was agreed to introduce a time window for the DMRS bundling for PUCCH enhancement as well as that for PUSCH, and during the time window, a UE transmits DMRS with maintaining phase, frequency, and power continuity. And it was also agreed to strive for common design of the time domain window for PUSCH/PUCCH with DMRS bundling as much as possible. Therefore, following two parameters need to be configured for DMRS bundling for PUCCH, as well as that for PUSCH.
· Enabling/disabling of DM-RS bundling and time domain window
· Length of a configured time domain window (L)

Regarding enabling/disabling of DM-RS bundling and time domain window, it can be configured per UL BWP as well as that for PUSCH configuration. On the other hands, applicable length of a configured time domain window (L) may be different for PUCCH formats or PUCCH resources, e.g. considering the dynamic number of PUCCH repletion. Therefore L should be configured per PUCCH format/PUCCH resource.

Proposal 3: Enabling/disabling of DM-RS bundling for PUCCH should be configured per UL BWP, and length of a configured time domain window (L) should be configured per PUCCH format/PUCCH resource.

It was agreed to enhance inter-slot frequency hopping pattern for PUCCH repetitions with DMRS bundling as well as that for PUSCH. In order to study the enhancement of inter-slot frequency hopping pattern, link level simulations were performed. Figure 2 shows the PUCCH link level simulation results applying 8 repetitions with/without frequency hopping and DMRS bundling while changing the size of inter-slot bundling for frequency hopping and time window size for DMRS bundling in FR1 Urban scenario. As shown in Fig.2, PUCCH repetition with joint channel estimation and frequency hopping shows the best performance for both PUCCH format 1 and 3. Furthermore, the longer duration per hop shows better performance compared to the shorter duration per hop. Therefore, it is observed that the largest gain can be reached when the duration per hop is equal to the time domain window size, so that we conclude a following proposal.

Proposal 4: Configured time domain window length (L) should be used for the determination of hop duration in inter-lost frequency hopping.
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(a) PUCCH format 1 (NACK to ACK probability)
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(b) PUCCH format 1 (ACK missed detection probability)
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(c) PUCCH format 3
Figure 2. PUCCH link level simulation results applying 8 repetitions 
with/without frequency hopping and DMRS bundling in FR1 Urban scenario.


3. Conclusion
In this contribution, we discussed on the potential techniques for PUCCH for coverage enactments. Based on the discussion we made following proposals.

Proposal 1: PUCCH repetition factures can be configured in the PUCCH resource field in PUCCH-Config IE.

Proposal 2: Dynamic PUCCH repetition factor indication should be supported for all PUCCH formats (format 0, 1, 2, 3, 4).

Proposal 3: Enabling/disabling of DM-RS bundling for PUCCH should be configured per UL BWP, and length of a configured time domain window (L) should be configured per PUCCH format/PUCCH resource.

Proposal 4: Configured time domain window length (L) should be used for the determination of hop duration in inter-lost frequency hopping.
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