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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
RAN#90e approved a WID [1] with joint channel estimation for PUSCH and PUCCH coverage enhancement:
	Agreement:
· 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]
· Specification of PUCCH enhancements [RAN1, RAN4]
· Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]


The key point for joint channel estimation is ensuring the phase continuity among PUSCH (or PUCCH) transmissions and RAN4 has clarified the conditions for phase continuity with following reply [2]: 
	· Question: Under what conditions UE can keep phase continuity cross PUCCH or PUSCH repetitions 
· RAN4 Answer for question: If the following conditions are met
· Modulation order does not change.
· RB allocation in terms of length and frequency position should not be changed, and intra-slot and inter-slot frequency hopping is not enabled within a repetition bundle.
· No change on transmission power level of its own CC, i.e., no change on the power control parameters specified in TS 38.213, and also when own CC is not impacted by other concurrent CC(s) that are configured for inter-band CA or DC for same UE with dynamic power sharing and no change in any configured CC s that are part of configured intra-band uplink CA or DC. 
· No UL beam switching for FR2 UE occurs


Furthermore, RAN4 has the following question for RAN1 [2]:
	Question from RAN4 to RAN1: For analysis for the amount of tolerable phase change between repetitions, RAN4 respectably asks RAN1 if RAN1 has specific scenario what RAN4 should focus in their study? (e.g contiguous/non-contiguous transmission, within one time slot or multiple time slots, TDD band or FDD band etc)


In this contribution, we provide views for the aforementioned question and discuss the specific scenarios where RAN4 should focus in studying phase change tolerance.
2. Discussions on specific scenarios for phase change tolerance 
RAN1#104-e [3] highlights following application cases for joint channel estimation 
	Agreements:
· Following potential use cases are considered for joint channel estimation for PUSCH:
· Use case 1: back-to-back PUSCH transmissions within one slot.
· Use case 2: non-back-to-back PUSCH transmissions within one slot.
· Use case 3: back-to-back PUSCH transmissions across consecutive slots.
· Use case 4: non-back-to-back PUSCH transmissions across consecutive slots.
· Use case 5: PUSCH transmissions across non-consecutive slots.
Note: RAN1 assumes “back-to-back PUSCH transmission” has zero gap in-between adjacent PUSCH transmissions.


For back-to-back PUSCH transmission in case 1 and 3, RAN4 confirms that conditions as mentioned in ‘Introduction’ are required for phase continuity in joint channel estimation. However, for other common cases with non-back-to-back PUSCH transmissions (e.g. case 2, 4, 5), conditions for phase continuity is still under discussion. There are a lot of observations captured in [3] which demonstrate that a significant gain (e.g. 1~2 dB) can be obtained by joint channel estimation if phase continuity is ensured among PUSCH transmissions, which can enhance the uplink coverage greatly. 

To obtain aforementioned performance gain, typically, following 2 common scenarios should be further considered for phase continuity study in joint channel estimation:
· Scenario 1: non-back-to-back PUSCH transmissions with un-scheduled symbols or slots between PUSCH transmissions. For example:.
· PUSCH repetition type A with L symbols scheduled in each repetition and L<14, thus there are 14-L un-scheduled symbols between adjacent PUSCH repetitions. 
· PUSCH repetition type B with some invalid symbols between PUSCH actual repetitions
· PUSCH repetition in TDD mode with DL slots between PUSCH transmission in UL slots
· Scenario 2: non-back-to-back PUSCH transmission with other signals transmitted between PUSCH transmissions. For example:
· SRS (to assist uplink channel measurement) or PUCCH (URLLC related UCI feedback) are frequently transmitted between PUSCH transmissions with independent scheduling,

Thus in light of above analysis, we have the following proposal: 
Proposal: Suggest RAN4 to focus on the scenario of non-back-to-back PUSCH transmissions in phase change tolerance study 
· E.g. there are un-scheduled symbols or slots between PUSCH transmissions
· E.g. there are other signals transmitted between PUSCH transmissions

3. Conclusions 
In this contribution, we have following proposals for how to reply to the RAN4 LS on PUCCH and PUSCH repetition, by focusing on non back-to-back PUSCH transmissions:
Proposal: Suggest RAN4 to focus on the scenario of non-back-to-back PUSCH transmissions in phase change tolerance study 
· E.g. there are un-scheduled symbols or slots between PUSCH transmissions
· E.g. there are other signals transmitted between PUSCH transmissions
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