3GPP TSG RAN WG1 #107-e

                                                R1-2111331
e-Meeting, November 11th – 19th, 2021
Agenda Item:
8.8.2
Source: 
OPPO

Title:
PUCCH enhancements for coverage
Document for:
Discussion & Decision
1 Introduction

In RAN1 meetings, NR coverage enhancement has concluded that PUCCH enhancements will support dynamic PUCCH repetition and DMRS bundling. Some agreements are made in the last meeting. 
Agreement 

Dynamic signaling to enable/disable DMRS bundling for PUCCH or PUSCH repetitions is not supported in Rel-17.  

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. 

Agreement 

Support dynamic PUCCH repetition factor indication for all PUCCH formats including format 0, 1, 2, 3, 4 with a unified mechanism as agreed in RAN1#106e under agenda 8.8.2. 

Note: it does not impact the discussion of slot level or sub-slot level repetition
In this contribution, we discuss the PUCCH related standardization part for NR coverage enhancement.
2 PUCCH Channels for enhancement

In previous RAN1 meetings, it is agreed that the PUCCH repetition is indicated by the 16 PUCCH resource indication mechanism based on “PUCCH resource indicator” field and starting CCE index. Configuration of PUCCH repetition factor is per PUCCH resource.
2.1 Dynamic PUCCH repetition by PRI
The current configuration of PUCCH does not have field for number of slot configuration. Then, each resource can be expanded by a Rel-17 parameter for number of slots. However, current 8 bits PRI & CCE index already can give quite flexible indication and thus the PRI filed in DCI can be kept.
Proposal 1: Keeping the PUCCH resource indicator field size of DL scheduling DCI to indicate PUCCH repetition slots.
Configure number of slots in each PUCCH resource.
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Figure 1. PUCCH repetition indicated by PRI in DCI

It would be natural to consider that PUCCH repetition factor can be configured on PUCCH resource instead of configured on PUCCH format. But what exact parameter is not discussed yet. In Rel-16 TS 38.331, PUCCH resource ID is configured in PUCCH-Resource. Adding a new Rel-17 parameter for the repetition number into the resource ID can be the most straight forward solution. 
Another possibility is provided new Rel-17 PUCCH resource IE for the case we configure the enhanced repetition scheme.

Since the first solution has smallest change, it would be preferred. However, the exact RRC parameters will be determined in RAN2. In preparation of RRC parameter list, we may need to give clear information on it.

Proposal 2: Reuse the Rel-16 PUCCH resource parameter and introduce a new repetition parameter for Rel-17. 
2.2 DMRS bundling across PUCCH repetitions
In hopping mode, we consider how it could well utilize DMRS bundling for channel estimation in hopping mode. This can be considered together with PUCCH repetition in different number of slots. The TDW will be configured separately for PUCCH. It is also open for conclusion how can this PUCCH TDW will be configured. Although the repetition numbers will be likely configured in each PUCCH resource. The TDW should not be configure onto the PUCCH resource, since the UE adapt its phase and others would not be so dynamic.
For PUCCH, the frequency hopping is supported in Rel-15. Rel-17 will continuously support hopping. Further, the enhancement of frequency hopping for more than 2 hops is not agreed for coverage enhancement study. Assuming this, what ever hopping interval it has, PUCCH can only hop among 2 different locations.
We would prefer to adopt a relatively statically configured TDW to determine the actual TDW. And the actual TDW can be dropped with some slots. However, the dropped slots should be counted. Until the previous TDW finished, the new TDW can then start the other hop.
All the transmissions end with PUCCH repetition reach the configure number of slots, regardless how many actual hops.
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Figure 2. Allowing DMRS bundling in PUCCH repetition with 2hops frequency hopping
Proposal 3: For the PUCCH repetition, determine hopping intervals base on the procedure of: “configured TDW determination” -> “actual TDW determination” and “hopping intervals determination”. 
Hopping is done among 2 frequency locations.
Even PUSCH may have different TDW length configured, we also propose the same rules for PUSCH including number of frequency-hopping locations.
3 Conclusion

In this contribution, we discussed the aspects of NR coverage enhancement for PUCCH channels. To enhance the overall coverage performance improvement on PUCCH, bundling windows, frequency diversity and resource efficiency should be taken into count. As summary, we propose:

Proposal 1: Keeping the PUCCH resource indicator field size of DL scheduling DCI to indicate PUCCH repetition slots.
Configure number of slots in each PUCCH resource.
Proposal 2: Reuse the Rel-16 PUCCH resource parameter and introduce a new repetition parameter for Rel-17. 
Proposal 3: For the PUCCH repetition, determine hopping intervals base on the procedure of: “configured TDW determination” -> “actual TDW determination” and “hopping intervals determination”. 
Hopping is done among 2 frequency locations.
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