3GPP TSG RAN WG1 #108-e		R1- 2201376
e-Meeting, February 21st – March 3rd, 2022

Source:	CATT
[bookmark: Title]Title:	Remaining issues on PUCCH enhancements
[bookmark: Source]Agenda Item:	8.8.2
[bookmark: DocumentFor]Document for:	Discussion and Decision

1 [bookmark: _Ref521334010]Introduction
In RAN1#107bis-e meeting, the following agreements were achieved according to the discussion especially on the configuration of RRC parameters related to DMRS bundling and hopping interval. In addition, we had come to consensus on the detailed design of a list of parameters including name, description, value range, etc. which are not pasted here [1].
	Agreement 
In column J of RRC parameter “PUCCH-nrofSlots-r17”, add a note as the following:
· Note: a PUCCH resource not configured with PUCCH-nrofSlots-r17 can attain the value of 1 according to when the Rel-15/16 parameter nrofSlots is not configured.

Agreement
For PUCCH repetitions and PUSCH repetitions with DMRS bundling, introduce the following two RRC parameters for frequency hopping interval configuration. 
· PUCCH-Frequencyhopping-Interval
· PUSCH-Frequencyhopping-Interval
Note: finalize the details (such as value range, parent IE, etc…) of these two RRC parameters in RAN1 107#bis-e. 

Agreement
PUCCH repetitions with different sets of power control parameters in multi-TRP operation should be regarded as a [semi-static] event that causes power consistency and phase continuity not to be maintained across PUCCH repetitions. 

Agreement
· The RRC parameter “PUCCH-DMRS-Bundling” is per UL BWP, and the RRC parameter “PUCCH-TimeDomainWindowLength” is per UL BWP. 
PUCCH DMRS bundling is not supported for PUCCH format 0/2.

Agreement
The same mechanism supporting inter-slot frequency hopping with inter-slot bundling for DMRS bundling for type-A PUSCH repetitions is reused for TBoMS with/without repetitions.
· No optimization of FH mechanism specific to TBoMS with repetitions



In this contribution, we provide our views on the remaining issue on the design of frequency pattern for both PUSCH and PUCCH.
2 Discussion
The following proposal was discussed during RAN1#107bis-e meeting which needs further down selection [2].
	FL proposal 3a: 
For inter-slot frequency hopping for PUCCH/PUSCH with DMRS bundling, down-select (in RAN1#107bis-e) between the following two options 
· Option 1: Physical slot index is used to determine inter-slot frequency hopping for PUCCH/PUSCH repetitions with DMRS bundling.
· Option 4: Physical slot index is used to determine inter-slot frequency hopping for PUSCH repetitions with DMRS bundling. Relative slot index is used to determine inter-slot frequency hopping for PUCCH repetitions with DMRS bundling. 



There is no divergence on PUSCH hopping pattern, since the existing inter-slot frequency hopping pattern for PUSCH is determined by physical slot indexes. It is natural to extend the principle to inter-slot frequency hopping with DMRS bundling for PUSCH repetitions. In this case, the hopping point is only determined by the hopping interval and the physical slot indexes. Further, it is not enough to use  as the physical slot index  within a frame when calculating the starting RB in each hop. For example, if the configured hopping interval  is the same as the frame length, in each frame is always equal to zero. In other words, all of the PUSCH repetitions transmitted in the same frequecy domain position. Hence, we propose to introduce the system frame number, i.e. , to determine the physical slot index. Then, the physical slot index  equals to the  plus the product of  and .
For instance, in case of inter-slot frequency hopping pattern with inter-slot bundling for PUSCH, the starting RB in each hop can be given by:

Proposal 1: System frame nuber should be introduced to determine the hopping pattern:


On the other hand, relative slot index is used to determine the inter-slot frequency hopping for PUCCH repetitions in the current specification. However, only the first slot for PUCCH repetition has a number zero, while the numbers of subsequent slots are still counted based on physical slot index, according to the following highlighted text from TS 38.213 [2]. An example on frequency hopping pattern for PUCCH repetitions without DMRS bundling is shown in Figure 1, where TDD structure is DDSUU and PUCCH repetition factor is 4. The slot for the first PUCCH repetition is regarded as slot 0. Then, the second PUCCH repetition is transmitted in slot 1, the third PUCCH repetition is in slot 5 and the last PUCCH repetition is in slot 6. The first and the last PUCCH repetition are with even slot numbers (0 and 6) and transmitted starting from a first PRB, while the second and the third PUCCH are with odd slot numbers (1 and 5) and transmitted starting from a second PRB.
	[bookmark: _Toc12021483][bookmark: _Toc20311595][bookmark: _Toc26719420][bookmark: _Toc29894855][bookmark: _Toc29899154][bookmark: _Toc29899572][bookmark: _Toc29917309][bookmark: _Toc36498183][bookmark: _Toc45699210][bookmark: _Toc74762949]9.2.6	PUCCH repetition procedure
<< omitted text >>
-	the UE transmits the PUCCH starting from a first PRB, provided by startingPRB, in slots with even number and starting from the second PRB, provided by secondHopPRB, in slots with odd number. The slot indicated to the UE for the first PUCCH transmission has number 0 and each subsequent slot until the UE transmits the PUCCH in  slots is counted regardless of whether or not the UE transmits the PUCCH in the slot.





[bookmark: _Ref95320327]Figure 1: Frequency hopping pattern for PUCCH repetitions without DMRS bundling.

From this perspective, when DMRS bundling is enabled, the same mechanism for hopping pattern determination for PUCCH and PUSCH is more preferable to facilitate the resource allocation and UE multiplexing. Then, the hopping point for PUCCH is determined by the hopping interval and the physical slot indexes. The same calculation formula of PUSCH is reused, where the hopping interval  can be seperately configured for PUSCH and PUCCH according to PUSCH-Frequencyhopping- Interval and PUCCH-Frequencyhopping- Interval, respectively.
Proposal 2: Physical slot index is used to determine inter-slot frequency hopping for PUCCH/PUSCH repetitions with DMRS bundling.
Another remaining issue is the value range of the parameter PUCCH-Frequencyhopping-Interval and PUSCH-Frequencyhopping-Interval. For the unpaired spectrum, at least {5,10} are reasonable candidate values so that hopping interval would adapt to the frame structure to ensure that the consecutive uplink slots can be in the same hop. For the paired spectrum, candidate values can be more flexible, e.g. the half of the repetition factor. Hence, we propose to support {2,4,5,10} as the value range for PUCCH-Frequencyhopping-Interval and {2,4,5,8,10,16} as the value range for PUSCH-Frequencyhopping-Interval.
Proposal 3: Support the value range of {2,4,5,10} for PUCCH-Frequencyhopping-Interval and {2,4,5,8,10,16} for PUSCH-Frequencyhopping-Interval.
3 Conclusion
In this contribution, we provided our view on method for PUCCH coverage enhancement with the following proposals:
Proposal 1: System frame nuber should be introduced to determine the hopping pattern:

Proposal 2: Physical slot index is used to determine inter-slot frequency hopping for PUCCH/PUSCH repetitions with DMRS bundling.
Proposal 3: Support the value range of {2,4,5,10} for PUCCH-Frequencyhopping-Interval and at least {2,4,5,8,10,16} for PUSCH-Frequencyhopping-Interval.
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