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1. Introduction
At the RAN#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 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 repetitions. Therefore, L should be configured per PUCCH format/PUCCH resource.

Proposal 1: Enabling/disabling of DM-RS bundling for PUCCH should be configured per UL BWP, and the length of a configured time domain window (L) should be configured per PUCCH format/PUCCH resource.

At the RAN1#106 bis-e meeting, the interaction between inter-slot frequency hopping and DMRS bundling was discussed and following agreement was made [3].
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. 


The advantage of Option 1 is the multiplexing with Rel-15/16 UEs for inter slot frequency hopping, so that the same duration per hop can be configured for the Rel-15/16 UEs and Rel-17 UE with supporting joint channel estimation. On the other hands, the advantage of Option 2 is expecting higher joint channel estimation gain, so that prioritizing to the determination of the configured TDW, the optimized slot configurations for the joint channel estimation can be expected. Both aspects are important factors for the system performance, so that they should be carefully considered, and we slightly prefer Option 2 for expecting the higher joint channel estimation gain. The advantage of Option 4 is expecting higher gain for the combination of joint channel estimation and frequency hopping, e.g. configuring frequency hopping at every actual TDW. On the other hands, a misalignment of actual TDW determination between gNB and UE is possible, e.g., due to a miss detection of DCI. Therefore, the actual TDW should not be used for the determination of hopping intervals to avoid the misalignment of frequency hopping patterns between gNB and UE.

Proposal 2: Option 2: “configured TDW determination” -> “hopping intervals determination” -> “actual TDW determination” can be selected for the order of the determination.

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 3: 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)

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

Proposal 2: Option 2: “configured TDW determination” -> “hopping intervals determination” -> “actual TDW determination” can be selected for the order of the determination.

Proposal 3: Configured time domain window length (L) should be used for the determination of hop duration in inter-lost frequency hopping.
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