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1 [bookmark: _Ref521334010]Introduction
In RAN1#106bis-e meeting, coverage enhancement for PUCCH was extensively discussed and the following agreements were achieved [1]:
	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 provide our views on the remaining issues for PUCCH enhancement.
2 Discussion
Interaction between hopping interval and DMRS bundling
In RAN1#106bis-e meeting, the following agreement on the interaction between the determination of time domain hopping interval determination and the determination of time domain window for DMRS bundling was reached.
	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.



Actually, three options are all workable. An example is given in Figure 1. It is assumed that the third and the fourteenth slot within 16 PUCCH repetitions are events which violate power consistency and phase continuity. At the same time, the window length L of the configured TDW is 6 and the hopping interval is configured as 4. As shown in Figure 1, the numbers of the actual TDW with different lengths in three options are the same, although the position of the actual TDWs may vary, e.g. actual TDW4 and actual TDW5 in the second configured TDW. It is foreseen that the difference of performance on channel estimation/decoding will not be large for these three options.


[bookmark: _Ref86338279]Figure 1: different interaction between frequency hopping and DMRS bundling
An interesting thing to note is that Option 1 will be more compatible for cell-level UE multiplexing. This is due to the fact that hopping interval determination is prior to configured TDW determination in Option 1, so the UEs with different window length L of the configured TDW can still be aligned as well. This will simplify the maintenance of resource allocation from network’s view. Hence, we propose to determine the hopping interval first.
Proposal 1: For the interaction between inter-slot frequency hopping and DMRS bundling, Option 1 is preferred, i.e. UE should determine the “hopping interval” before determining the “configured TDW”.

Another essential issue is how to indicate a UE to perform inter-slot frequency hopping with inter-slot bundling. It should be discussed for both PUSCH/PUCCH transmissions. One straightforward method is to add a candidate option in PUSCH-Config/PUCCH-Config when configuring the frequency hopping method. Or, a UE can be implicitly indicated to enable the inter-bundling hopping when the UE is configured with RRC parameters related to joint channel estimation, e.g. enabling/disabling joint channel estimation and/or the hopping interval.  Considering the hopping interval is specifically introduced for the new inter-bundling frequency hopping pattern, we propose that UE performs the inter-slot frequency hopping with inter-slot bundling as long as the inter-slot bundle size is configured.
Proposal 2: UE performs the inter-slot frequency hopping with inter-slot bundling as long as the hopping interval of inter-slot bundling is configured.

3 Conclusion
In this contribution, we provided our view on method for PUCCH coverage enhancement with the following proposals:
Proposal 1: For the interaction between inter-slot frequency hopping and DMRS bundling, Option 1 is preferred, i.e. UE should determine the “hopping interval” before determining the “configured TDW”.
[bookmark: _GoBack]Proposal 2: UE performs the inter-slot frequency hopping with inter-slot bundling as long as the hopping interval of inter-slot bundling is configured.

4 References
1. [bookmark: _Ref68592758]Chairman's Notes RAN1#106bis-e, 3GPP TSG RAN WG1 Meeting #106bis-e, e-Meeting, October 11th – 19th, 2021.
oleObject1.bin
16 repetitions


Configured TDW #1


Configured TDW #2


Actual TDW 1


Actual TDW 2


Actual TDW 3


Actual TDW 5


Actual TDW 6


Actual TDW 7


Configured TDW #3


Actual TDW 4


Actual TDW 1


Actual TDW 2


Actual TDW 3


Actual TDW 5


Actual TDW 4


Actual TDW 6


Actual TDW 7


Actual TDW 1


Actual TDW 2


Actual TDW 3


Actual TDW 4


Actual TDW 5


Actual TDW 6


Actual TDW 7


Option 1


Option 2


Option 4


Time


Frequency


Time


Frequency


Time


Frequency



image1.emf
16 repetitions

Configured TDW #1 Configured TDW #2

Actual 

TDW 1

Actual 

TDW 2

Actual 

TDW 3

Actual 

TDW 5

Actual 

TDW 6

Actual 

TDW 7

Configured TDW #3

Actual 

TDW 4

Actual 

TDW 1

Actual 

TDW 2

Actual 

TDW 3

Actual 

TDW 5

Actual 

TDW 4

Actual 

TDW 6

Actual 

TDW 7

Actual 

TDW 1

Actual 

TDW 2

Actual 

TDW 3

Actual 

TDW 4

Actual 

TDW 5

Actual 

TDW 6

Actual 

TDW 7

Option 1

Option 2

Option 4

Time

Frequency

Time

Frequency

Time

Frequency


