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1      Introduction
In RAN #90 e-meeting, a new Rel-17 work item on NR coverage enhancements was approved [1] and revised in [2]. 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 objectives include mechanism(s) to enable joint channel estimation.

· 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]
This contribution presents our views on use cases and time domain window for joint channel estimation for PUSCH.
2      Discussion
2.1     Use cases
At RAN1#104e, following agreements have been achieved:

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.

In the past RAN1 meetings, it was discussed whether joint channel estimation can be applied to the above uses cases. Based on the discussion and agreements so far, the situation is summarized in the following table
Table 1 Potential use cases for joint channel estimation for PUSCH
	Use cases
	Repetition type A for the same TB
	Repetition type B for the same TB
	Transmissions with different TBs
	TBoMS

	1: B2B transmission within one slot
	/
	Support
	NOT support
	/

	2: Non-B2B transmission within one slot
	/
	NOT support
	NOT support
	/

	3: B2B transmissions across consecutive slots
	Support
	Support
	To be determined
	Working Assumption

	4: Non-B2B transmissions across consecutive slots
	Working Assumption
(no UL transmission between the two successive PUSCH transmissions)
	Working Assumption
(no UL transmission between the two successive PUSCH transmissions)
	To be determined
	To be determined

	
	To be determined

(other uplink transmissions in the middle of two PUSCH transmissions)
	To be determined

(other uplink transmissions in the middle of two PUSCH transmissions)
	
	

	5: Transmissions across non-consecutive slots
	To be determined
	To be determined
	To be determined
	To be determined


For back-to-back and non-back-to-back PUSCH transmissions across consecutive slots, PUSCH transmissions with different TBs for high data rate, e.g., 1Mbps, may also benefit from joint channel estimation. As long as power consistency and phase continuity can be maintained, it does not make sense to preclude joint channel estimation for PUSCH transmissions with different TBs. Furthermore, there were many simulation results of joint channel estimation among different TBs with large gains are provided by companies during the study item phase.
Proposal 1:
· For back-to-back PUSCH transmissions across consecutive slots, if power consistency and phase continuity can be maintained.

· Joint channel estimation over back-to-back PUSCH transmissions for different TBs scheduled by dynamic grant or configured grant is supported.
· For non-back-to-back PUSCH transmissions across consecutive slots, if power consistency and phase continuity can be maintained.

· Joint channel estimation over non-back-to-back PUSCH transmissions for different TBs scheduled by dynamic grant or configured grant is supported.

2.2     Time domain window
In RAN1 #105e, the following agreement was achieved for the time domain window.
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.
The difference between Alt 1 and Alt 2 is whether multiple windows can be configured for all the repetitions. For Alt 1, in case that consecutive physical slots are allocated for PUSCH transmissions and the time domain window duration is less than the maximum duration, it is straight forward and simple that all the repetitions are covered by one single time domain window. However, in case that non-consecutive physical slots are allocated for PUSCH transmissions due to DL/UL configuration for unpaired spectrum or the time domain window duration is longer than the maximum duration, the single time domain window should be split into multiple sub-windows, which is equivalent to multiple windows in Alt 2. It has been agreed that the time domain window is defined as a time duration during which a UE is expected to maintain power consistency and phase continuity among PUSCH transmissions subject to power consistency and phase continuity requirements. And it is understood that the time domain window duration is no longer than the maximum time duration during which UE is able to maintain power consistency and phase continuity subject to power consistency and phase continuity requirements. It seems the definition of time domain window in Alt 1 is not aligned with the agreements. In addition, as discussed in RAN1 #105e, a unified framework is desired for both paired spectrum and unpaired spectrum. From these aspects, Alt 2 should be supported.
Proposal 2: For joint channel estimation for PUSCH repetition type A of PUSCH repetitions of the same TB, all the repetitions are covered by one or multiple time domain windows.
For paired spectrum, if the duration of all repetition is no longer than the maximum duration, one or multiple window(s) can be configured; otherwise, if the duration of all repetition is longer than the maximum duration, multiple windows can be configured. Multiple windows are consecutive. The start of the first window is the first PUSCH transmission. The length of each window is same (except the last window) and can be configurable, but not longer than the maximum duration. If inter-slot frequency hopping is enabled, the time domain hopping interval equals to the length of each window (not the last window).
Proposal 3: 
· For joint channel estimation for PUSCH repetition type A of PUSCH repetitions of the same TB for paired spectrum,
· If the duration of all repetition is no longer than the maximum duration, one or multiple window(s) can be configured; 

· If the duration of all repetition is longer than the maximum duration, multiple windows can be configured. 
· Multiple windows are consecutive. 

· The length of each window is same (except the last window) and can be configurable, but not longer than the maximum duration. 

· If inter-slot frequency hopping is enabled, the time domain hopping interval equals to the length of each window (not the last window).
For unpaired spectrum, if use case 5 is not supported, the start of the first window is the first PUSCH transmission, while the start of the other windows depends on DL/UL configuration. Each window consists of all consecutive physical slots for UL transmission (including special slots and UL slots). If inter-slot frequency hopping is enabled, each time domain window corresponds to one hop. If use case 5 is supported, the start of the first window is the first PUSCH transmission. Multiple windows are consecutive. The length of each window is same (except the last window) and can be configurable, but no longer than the maximum duration. If inter-slot frequency hopping is enabled, the time domain hopping interval equals to the length of each window (not the last window).
Proposal 4: 
· For joint channel estimation for PUSCH repetition type A of PUSCH repetitions of the same TB for unpaired spectrum,

· If use case 5 is not supported, 
· The start of the first window is the first PUSCH transmission
· The start of the other windows depends on DL/UL configuration. 
· Each window consists of all consecutive physical slots for UL transmission (including special slots and UL slots). 
· If inter-slot frequency hopping is enabled, each time domain window corresponds to one hop. 
· If use case 5 is supported, 
· The start of the first window is the first PUSCH transmission. 
· Multiple windows are consecutive. 
· The length of each window is same (except the last window) and can be configurable, but no longer than the maximum duration. 
· If inter-slot frequency hopping is enabled, the time domain hopping interval equals to the length of each window (not the last window).
If joint channel estimation is enabled, the time domain windows can be either explicitly configured or implicitly derived. For paired spectrum, since the start of the first window is the first PUSCH transmission, multiple windows are consecutive and the length of each window is same except the last window, the start of other windows can be implicitly derived. Regarding the length of each window except the last window, it can be either configured by RRC or indicated by DCI, while the length of the last window can be implicitly derived. For unpaired spectrum, if use case 5 is not supported, the start and the length of each window can be implicitly derived depending on DL/UL configuration. If use case 5 is supported, signaling mechanism for the start and the length of each window for paired spectrum can be reused.
Proposal 5: 

· For joint channel estimation for PUSCH repetition type A of PUSCH repetitions of the same TB
· For paired spectrum, 
· The start of each window is implicitly derived.
· The length of each window except the last window can be configured by RRC or indicated by DCI.
· The length of the last window is implicitly derived.
· For unpaired spectrum,
· If use case 5 is not supported, the start and the length of each window is implicitly derived depending on DL/UL configuration.
· If use case 5 is supported, signaling mechanism for the start and the length of each window for paired spectrum is reused.
3      Conclusions
In this contribution, we discussed the relevant issues on joint channel estimation for PUSCH and have following proposals:
Proposal 1:
· For back-to-back PUSCH transmissions across consecutive slots, if power consistency and phase continuity can be maintained.

· Joint channel estimation over back-to-back PUSCH transmissions for different TBs scheduled by dynamic grant or configured grant is supported.
· For non-back-to-back PUSCH transmissions across consecutive slots, if power consistency and phase continuity can be maintained.

· Joint channel estimation over non-back-to-back PUSCH transmissions for different TBs scheduled by dynamic grant or configured grant is supported.

Proposal 2: For joint channel estimation for PUSCH repetition type A of PUSCH repetitions of the same TB, all the repetitions are covered by one or multiple time domain windows.

Proposal 3: 
· For joint channel estimation for PUSCH repetition type A of PUSCH repetitions of the same TB for paired spectrum,

· If the duration of all repetition is no longer than the maximum duration, one or multiple window(s) can be configured; 

· If the duration of all repetition is longer than the maximum duration, multiple windows can be configured. 
· Multiple windows are consecutive. 

· The length of each window is same (except the last window) and can be configurable, but not longer than the maximum duration. 

· If inter-slot frequency hopping is enabled, the time domain hopping interval equals to the length of each window (not the last window).
Proposal 4: 
· For joint channel estimation for PUSCH repetition type A of PUSCH repetitions of the same TB for unpaired spectrum,

· If use case 5 is not supported, 
· The start of the first window is the first PUSCH transmission
· The start of the other windows depends on DL/UL configuration. 
· Each window consists of all consecutive physical slots for UL transmission (including special slots and UL slots). 
· If inter-slot frequency hopping is enabled, each time domain window corresponds to one hop. 
· If use case 5 is supported, 
· The start of the first window is the first PUSCH transmission. 
· Multiple windows are consecutive. 
· The length of each window is same (except the last window) and can be configurable, but no longer than the maximum duration. 
· If inter-slot frequency hopping is enabled, the time domain hopping interval equals to the length of each window (not the last window).
Proposal 5: 

· For joint channel estimation for PUSCH repetition type A of PUSCH repetitions of the same TB
· For paired spectrum, 
· The start of each window is implicitly derived.
· The length of each window except the last window can be configured by RRC or indicated by DCI.
· The length of the last window is implicitly derived.
· For unpaired spectrum,
· If use case 5 is not supported, the start and the length of each window is implicitly derived depending on DL/UL configuration.
· If use case 5 is supported, signaling mechanism for the start and the length of each window for paired spectrum is reused.
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