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[bookmark: _Ref506539118]Introduction
At the RAN1#105-e meeting, the following agreements and conclusions were made regarding PUCCH enhancements [1]:
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. 

Working assumption: In Rel-17, for a PUCCH with associated scheduling DCI, support the following for dynamic PUCCH repetition factor indication. 
· Enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource. Reuse Rel-16 PUCCH resource indication mechanism based on “PUCCH resource indicator” (PRI) field and starting CCE index (when applicable based on Rel-16 spec) of DCI to indicate a PUCCH resource and its associated repetition factor.
· FFS: RRC signaling enhancement details

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 

Further, at the RAN1#105-e meeting, the following agreements were made regarding joint channel estimation for PUSCH [1]: 
Agreement:
· Definition of the maximum duration: a maximum time duration during which UE is able to maintain power consistency and phase continuity subject to power consistency and phase continuity requirements. 
· FFS whether or not such a definition is necessary for RAN1 specifications.
· Note: whether such a definition is to be specified in RAN4 specifications is up to RAN4.
· FFS the maximum duration may be reported by UE.
· Note: it is understood that for a UE, the maximum duration is no less than the time domain window duration
Agreement:
For joint channel estimation for PUSCH repetition type A of PUSCH repetitions of the same TB, down select one of the following alternatives for the time domain window.
· Alt 1: All the repetitions are covered by one single time domain window
· The start of the window is the first PUSCH transmission
· FFS: how to handle non-consecutive physical slots for UL transmission, e.g., due to DL/UL configuration for unpaired spectrum
· FFS: frequency hopping and precoder cycling
· Alt 2: All the repetitions are covered by one or multiple time domain windows
· For the start of each window,
· The start of the first window is the first PUSCH transmission.
· FFS: how to determine the start of other windows, e.g., whether multiple windows are consecutive or non-consecutive, whether the start of the window depends on DL/UL configuration for unpaired spectrum
· For the length of each window,
· FFS Each window consists of at least two adjacent physical slots for UL transmission.
· The length of each window is no longer than the maximum duration.
· FFS: how to determine the length of each window
· FFS: whether the length of each window depends on DL/UL configuration for unpaired spectrum
· FFS: how to handle non-consecutive physical slots for UL transmission, e.g., due to DL/UL configuration for unpaired spectrum.
· FFS: frequency hopping and precoder cycling
· Other alternatives are not precluded.
In the contribution, we discuss PUCCH enhancements, with primary focus on joint channel estimation for PUCCH. Our views on enhancements on PUSCH repetition type A, TB processing over multi-slot PUSCH and joint channel estimation for PUSCH are described in our companion contributions [3], [4] and [5], respectively. 
Discussion on joint channel estimation for PUCCH
At the RAN1#105-e meeting, it was agreed that 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 [1]. 
Note that as described in our companion contribution [5], for joint channel estimation over multiple PUSCHs, the time domain window may be explicitly configured by higher layers via RRC signalling. The same design principles can be applied for joint channel estimation for multiple PUCCHs. In case when inter-slot frequency hopping with inter-slot bundling is applied, the time domain window for joint channel estimation can be determined by the bundle size. 
Given the fact that a number of repetitions are employed for PUCCH transmission to improve coverage, it is expected the granularity of joint channel estimation can be considered as repetition or slot level. In this case, the units of the time domain window can be defined according to the number of repetitions or slots. 
In order to maintain power consistency during the time domain window, UE shall transmit the multiple PUCCHs using same Tx power for joint channel estimation at the receiver. Similarly, for phase continuity, same precoder is needed for multiple PUCCH transmissions in order to enable joint channel estimation. Hence, in our view, same Tx power and precoder are required within the time domain window for joint channel estimation over multiple PUCCHs.
Proposal 1
· For joint channel estimation for PUCCH. 
· The time domain window is defined based on the number of repetitions or slots.
· The time domain window may be configured by higher layers. 
· When inter-slot frequency hopping with inter-slot bundling is applied, the time domain window is determined by the bundle size. 
· Within the time domain window, UE needs to maintain same Tx power, precoder and frequency resource for joint channel estimation over multiple PUCCHs.

Discussion on enhanced inter-slot frequency hopping 
[bookmark: _Hlk69849993]At the RAN1#104-e meeting, it was agreed that subject to the prerequisite of DMRS bundling for PUCCH repetitions, inter-slot frequency hopping pattern is enhanced for PUCCH repetitions with DMRS bundling [2]. In our view, in order to facilitate the joint channel estimation, frequency resource for uplink transmission during the repetitions may remain the same for certain number of slots in order to allow inter-slot interpolation for channel estimation improvement. This inter-slot frequency hopping with inter-slot bundling can reuse the same mechanisms as defined for PUSCH enhancement, which can exploit the benefit of frequency diversity while maximizing the gain from joint channel estimation. 
Figure 1 illustrates one example of inter-slot frequency hopping with inter-slot bundling for PUCCH enhancement. In the example, PUCCH transmission occupies the same frequency resource for two slots before it switches to other frequency resource. 
[image: ]
[bookmark: _Ref39613054]Figure 1. Inter-slot frequency hopping with inter-slot bundling for PUCCH enhancement
Figure 2 illustrates link level simulation results for PUCCH format 3 for different inter-slot frequency hopping patterns. In the simulations, it is assumed 22 bit UCI payload and 8 repetitions for PUCCH transmission with Rel-15 inter-slot FH and inter-slot FH pattern with bundle size of 4 slots. In addition, joint channel estimation is employed with a fixed window spanning 4 slots. Further, CFO is 0.1ppm of 700MHz carrier frequency, and ML based CFO estimation algorithm is employed at receiver. 
From the figure, it can be observed that joint channel estimation with enhanced inter-slot frequency hopping pattern can provide ~1.2dB performance gain compared to Rel-15 inter-slot frequency hopping without joint channel estimation. 
  [image: ]
[bookmark: _Ref47088438]Figure 2. Simulation results for PUCCH format 3 with joint channel estimation and inter-slot frequency hopping with inter-slot bundling
Observation 1
· For PUCCH format 3 with 8 repetitions, inter-slot frequency hopping with inter-slot bundling and joint channel estimation can provide ~1.2dB performance gain compared to Rel-15 inter-slot frequency hopping without joint channel estimation.  

Considering that the performance gain for PUCCH format 3 that can be achieved by employing joint channel estimation and enhanced inter-slot frequency hopping pattern, in our view, inter-slot frequency hopping with inter-slot bundling should be supported for PUCCH enhancements. In addition, the design principle can be simply reused from joint channel estimation for PUSCH coverage enhancement, which can minimize the specification impact.
Note that for inter-slot frequency hopping with inter-slot bundling, the bundle size may be configured by higher layers, or implicitly determined based on the number of repetitions for PUCCH. Further, as mentioned above, when inter-slot frequency hopping with inter-slot bundling is applied, the time domain window can be determined by the bundle size.
Proposal 2
· Inter-slot frequency hopping with inter-slot bundling is supported for PUCCH enhancement.
· The bundle size may be configured higher layers or determined based on the number of repetitions. 

[bookmark: _Ref52481833]Conclusions
In this contribution, we discussed PUCCH enhancements, with primary focus on joint channel estimation for PUCCH. Further, we summarize the observations and proposals as follows:
Observation 1
· For PUCCH format 3 with 8 repetitions, inter-slot frequency hopping with inter-slot bundling and joint channel estimation can provide ~1.2dB performance gain compared to Rel-15 inter-slot frequency hopping without joint channel estimation.  
Proposal 1
· For joint channel estimation for PUCCH. 
· The time domain window is defined based on the number of repetitions or slots.
· The time domain window may be configured by higher layers. 
· When inter-slot frequency hopping with inter-slot bundling is applied, the time domain window is determined by the bundle size. 
· Within the time domain window, UE needs to maintain same Tx power, precoder and frequency resource for joint channel estimation over multiple PUCCHs.
Proposal 2
· Inter-slot frequency hopping with inter-slot bundling is supported for PUCCH enhancement.
· The bundle size may be configured higher layers or determined based on the number of repetitions. 
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