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Discussion
1      Introduction
In RAN #90 e-meeting, a new Rel-17 work item on NR coverage enhancements was approved [1]. The objective of this work item is to specify enhancements for PUSCH, PUCCH and Msg3 PUSCH for both FR1 and FR2 as well as TDD and FDD. 
The detailed objectives are as follows.

· Specification of PUSCH enhancements [RAN1, RAN4]

· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.

· The number of repetitions counted on the basis of available UL slots.

· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]

· TBS determined based on multiple slots and transmitted over multiple slots. 

· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]

· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]

· Potential optimization of DMRS location/granularity in time domain is not precluded

· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]
· Specification of PUCCH enhancements [RAN1, RAN4]

· Specify signaling mechanism to support dynamic PUCCH repetition factor indication [RAN1]

· Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]

· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]

This contribution discusses joint channel estimation for PUSCH.
2      Discussion
During the study item phase, joint channel estimation was identified beneficial for PUSCH coverage enhancements for TDD. Potential specification impacts of joint channel estimation were studied and have been captured into the TR [2], including power consistency and phase continuity, DMRS placement in special slot and DMRS configuration, time domain hopping interval for inter-slot frequency hopping with inter-slot bundling.

Power consistency and phase continuity among PUSCH transmissions are the premises of joint channel estimation. In Rel-16, UE is not required to keep power consistency and phase continuity among PUSCH transmissions so that gNB may not be able to do joint channel estimation over multiple PUSCH transmissions in time domain. An LS [3] was sent to RAN4 asking the following questions:
· Question 1: Under what conditions UE can keep phase continuity cross PUCCH or PUSCH repetitions 

· Question 2: Whether back-to-back PUCCH or PUSCH repetitions is one of the conditions required to keep phase continuity cross the repetitions

· Question 3: Under what conditions UE can meet the power control tolerance level cross PUCCH or PUSCH repetitions

There may be potential RAN1 specification impacts, e.g., UE behaviours in power control, DMRS placement in special slot and DMRS configuration, time domain hopping interval for inter-slot frequency hopping with inter-slot bundling. For UE behaviours in power control, RAN1 needs to wait for the reply from RAN4.
Proposal 1: RAN1 needs to wait for the reply from RAN4 to determine whether there is any specification impact on UE behaviours in power control.
With joint channel estimation over multiple PUSCH transmission, DMRS location/granularity in time domain can be optimized. For instance, DMRS granularity in time domain can be reduced thanks to the improved performance by joint channels estimation. In addition, for TDD, if UL symbols in special slots can be used for PUSCH transmission, DMRS can be placed in special slots to further improve the performance of channel estimation.

Proposal 2: With joint channel estimation over multiple PUSCH transmission, DMRS location/granularity in time domain can be optimized.
In Rel-16, for inter-slot frequency hopping, frequency position is changed for each hop in every slot so that joint channel estimation over multiple PUSCH across slots is not possible. Inter-slot frequency hopping with inter-slot bundling can enable joint channel estimation over multiple PUSCH across slots. The bundle size or time domain hopping interval should be determined. As discussed above, the implementation of joint channel estimation requires power consistency and phase continuity among PUSCH transmissions. Considering the characteristics of the frame structure for FDD and TDD, the time domain hopping interval should be determined separately for FDD and TDD. For instance, the candidate values of the time domain hopping interval for FDD can be {1, 2, 4, 8} slots; while the candidate values of the time domain hopping interval for TDD can be {1, 5, 10, 20} slots.
Proposal 3: For inter-slot frequency hopping with inter-slot bundling, the time domain hopping interval should be determined separately for FDD and TDD. The candidate values of the time domain hopping interval for FDD can be {1, 2, 4, 8} slots; the candidate values of the time domain hopping interval for TDD can be {1, 5, 10, 20} slots.
3      Conclusions
In this contribution, we discussed joint channel estimation for PUSCH and have following proposals:
Proposal 1: RAN1 needs to wait for the reply from RAN4 to determine whether there is any specification impact on UE behaviours in power control.
Proposal 2: With joint channel estimation over multiple PUSCH transmission, DMRS location/granularity in time domain can be optimized.

Proposal 3: For inter-slot frequency hopping with inter-slot bundling, the time domain hopping interval should be determined separately for FDD and TDD. The candidate values of the time domain hopping interval for FDD can be {1, 2, 4, 8} slots; the candidate values of the time domain hopping interval for TDD can be {1, 5, 10, 20} slots.
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