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1. Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In this contribution, we discussion PUCCH coverage enhancement, focusing on some details about DM-RS bundling and related issues.
2. Discussion
2.1. DM-RS bundling for PUCCH repetitions
	Agreements: Subject to the prerequisite of DMRS bundling for PUCCH repetitions, enhance inter-slot frequency hopping pattern for PUCCH repetitions with DMRS bundling. 
· FFS: details in inter-slot frequency hopping pattern enhancement, e.g., additional frequency hopping patterns than Rel-16.
· Strive for common design for PUSCH/PUCCH with DMRS bundling as much as possible

Conclusion: For the simulations to study the enhancement of inter-slot frequency hopping pattern for PUCCH repetitions with DMRS bundling, simulation assumptions in 38.830 are reused as a starting point. 
Note: Additional simulation scenarios/assumptions are not precluded. 

Conclusion: For the study of enhancing inter-slot frequency hopping pattern for PUCCH repetitions with DMRS bundling, at least the following aspects can be considered:
· Performance tradeoff between maximizing # consecutive UL slots in one frequency hop (to achieve more DMRS bundling gain) and maximizing # hops (to achieve more diversity gain)
· Note: the maximum # frequency hopping positions is still 2 as in Rel-15/16., which is signaled by startingPRB and secondHopPRB
· Interaction between hopping boundary determination and TDD configuration

Agreement: For DMRS bundling for PUCCH repetitions, specify a time domain window during which a UE is expected to maintain power consistency and phase continuity among PUCCH repetitions subject to power consistency and phase continuity requirements.
· Strive for common design of the time domain window for PUSCH/PUCCH with DMRS bundling as much as possible. 
Conclusion: For PUCCH repetitions, the following use cases are deprioritized in RAN1 work on PUCCH DMRS bundling.
· Use case 1: back-to-back PUCCH repetitions within one slot.
· Use case 2: non-back-to-back PUCCH repetitions within one slot.
· Use case 2a: no uplink transmission in the middle of two PUCCH repetitions.
· Use case 2b: other uplink transmissions in the middle of two PUCCH repetitions.

Agreement
· For DMRS bundling for PUCCH repetitions, RAN1 at least prioritize use cases 3 and 4a in R1-2104119.




The frequency hopping pattern can be discussed jointly with DM-RS bundling because the coherence requires a disabled frequency hopping. However, the frequency diversity gain should be also guaranteed, and some ideas has been proposed by companies. In our view, the number of frequency hopping can have more than 2 hops, and the hopping boundary can be determined by the available UL symbols.
The PUCCH repetitions occupy the UL symbols guaranteeing the repetition factor, and depending on DL symbols, the frequency hopping boundary can be shifted at DL-UL switching boundaries. When a UE is at the edge of UL coverage, the PUCCH would be repeated a lot and the PUCCH repetitions can experience several DL-UL switching points. We think that each DL-UL switching point may or may not let a frequency hopping, and there are many hops depending on the UE’s link budget and the slot pattern. 
Suppose that the PUCCH repetitions can be split by N switching points. Then the UE has N+1 splits, where each split can consist of PUCCH repetitions. Each split may or may not have the same frequency resource. Its frequency resource can be given by the second PRB index. The UE should perform DM-RS bundling within a split, thus the split can have own coherence per capability.
Use case 3, 4a, and 5a:
In the following paragraphs, we consider the case where DM-RS bundling window (based on capability) is shorter than the repetitions and the UE may not maintain consistency during all repetitions. For simplicity, we consider the UL multiplexing case 3, 4a, 5a, i.e., no UL transmissions between PUCCH repetitions.
For convenience, assuming K (as the repetition factor) instances for PUCCH transmissions in FDD, a UE can be configured a coherence window (from the agreement). The consecutive K (sub)slots may not be in the coherence window. In this case, there are two alternatives to determine a hopping boundary.
· Alt 1: About a half of K would comprise a split.
· Alt 2: The maximum number of instances in the coherence window would comprise a split.
The remaining instances would comprise another split. The Alt 1 have similar channel estimation performance between two splits. The Alt 2 has the better first split in terms of channel estimation performance than the second split because the first split has as many instances as the coherence window spans and the second split has the remaining instances. 
Comparing two alternatives, we think that the Alt 1 can perform better than the Alt 2. If the Alt 2 performs better than the Alt 1, the longer split (which is the first split) should have better channel quality. However, the Alt 1 does not depend on the channel quality.
[bookmark: _Ref79119061]Observation 1: In the channel estimation performance perspective, similar number of PUCCH repetitions would comprise the same frequency hop
If we extend the same approach to the TDD, then the hopping boundary can be additionally determined by the TDD slot pattern.
[bookmark: _Ref71546874]Proposal 1: If inter-slot frequency hopping is enabled, then the PUCCH repetition may hop in the middle of slot, depending on the TDD slot pattern and the number of repetitions, and the coherence can be kept in the same split.
Use case 4b and 5b:
In addition, PUCCH repetitions may not be ended when another UL repetition (PUCCH or PUSCH) begins, which is the use case 4b and 5b. In this case, the latter UL repetition may break the coherence of the former PUCCH repetition. This requires further discussions how to keep the coherence or to begin a new coherence window.
In one alternative, we can prevent the latter UL repetition, or we can allow the latter UL repetition but for a limited purpose such as having higher priority index or priority by UCI types. Note that different PUCCH repetitions do not overlap in time.
For instance, while HARQ-ACK PUCCH is repeated and CSI PUCCH may not be transmitted before the former HARQ-ACK PUCCH repetitions end. We do not intend to delay CSI PUCCH repetitions and simply can drop all CSI PUCCH repetitions. This can be generalized to any UCI type of the same priority index.
Similarly, while CSI PUCCH is repeated, the HARQ-ACK PUCCH can begin its repetition. Since CSI PUCCH and HARQ-ACK PUCCH do not probably have the same power, transmitting two different PUCCH repetitions would not keep coherence. In this case, the former PUCCH repetitions can simply be dropped.
[bookmark: _Ref83825062]Proposal 2: UCI repetition with DM-RS bundling can prioritize with respect to its UCI type (of a same priority index).
3. Conclusion
We address our view on coverage enhancements and propose the followings:
Observation 1: In the channel estimation performance perspective, similar number of PUCCH repetitions would comprise the same frequency hop
Proposal 1: If inter-slot frequency hopping is enabled, then the PUCCH repetition may hop in the middle of slot, depending on the TDD slot pattern and the number of repetitions, and the coherence can be kept in the same split.
Proposal 2: UCI repetition with DM-RS bundling can prioritize with respect to its UCI type (of a same priority index)
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