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Background
The following is a copy of RAN4 LS reply to RAN1 regarding phase continuity/power consistency aspects [1]. In this paper, we provide views on joint channel estimation for multi-slot PUSCH in line with the RAN4 LS reply. 
	· Question 1: Under what conditions UE can keep phase continuity cross PUCCH or PUSCH repetitions 
· RAN4 Answer for question 1: 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
· Question 2: Whether back-to-back PUCCH or PUSCH repetitions is one of the conditions required to keep phase continuity cross the repetitions.
· RAN4 Answer for question 2: 
· For back-to-back transmissions with zero gap in-between adjacent transmissions, the conditions under Q1 need to be met to maintain phase continuity. 
· For non-back-to-back transmission with non-zero gap in-between adjacent transmissions, RAN4 concluded that at least following additional condition also need to be met in addition to the conditions under Q1: 
· No downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case
· In scenario of no more than X un-scheduled OFDM symbols in-between the PUSCH or PUCCH repetition (e.g., X = 0, 1, 2, …, 14), and scenario of other physical signals/channels in-between PUCCH or PUSCH repetitions from the UE perspective, e.g., SRS or PUCCH transmission in-between the PUSCH repetition for the UE, RAN4 is still discussing if X can be non-zero value and UE can maintain phase continuity  
· Question 3: Under what conditions UE can meet the power control tolerance level cross PUCCH or PUSCH repetitions
· RAN4 answer 3: If the conditions for phase continuity cross PUSCH or PUCCH repetitions are fulfilled, the same power level (with certain tolerance level) can also be achieved. The certain tolerance level is still under discussion in RAN4.




Discussion
1.1. Scenarios for joint channel estimation
At RAN1#104-e meeting, the following agreement is made in AI 8.8.1.3 for scenarios for joint channel estimation [2]. 
	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.

Agreements:
· For back-to-back PUSCH transmissions across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation at least for the following case:
· Over back-to-back PUSCH transmissions (of the same TB) for repetition type A scheduled by dynamic grant or configured grant
· FFS details (including possible other cases)




As indicated in RAN4 LS reply, non-back-to-back transmission with gap X symbols (e.g., X=1~14) can be supported for joint channel estimation at least in a case where no other uplink transmission occurs in between two repetitions. Therefore, the following should be agreeable.
Proposal 1: For non-back-to-back PUSCH transmissions across consecutive slots with X symbol gap (X=1~14) where no other uplink transmission is performed on the X symbol gap, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation at least for the following case:
· Over non-back-to-back transmissions of the same TB for repetition type A scheduled by dynamic grant or configured grant
1.2. Time domain window
At RAN1#104-e meeting, the following agreement is made in AI 8.8.3 for TDRA of msg3 PUSCH repetition [2]. 
	Agreements:
· For joint channel estimation, a time domain window is introduced to facilitate further discussion, during which UE is expected to maintain power consistency and phase continuity among PUSCH transmissions subject to power consistency and phase continuity requirements.
· FFS: whether the window should be specified
· FFS: the length of the time domain window is defined by a set of repetitions/slots/symbols
· FFS: single or multiple time domain windows
· FFS: relation with UE capability
· FFS: the time domain window may or may not be configured.
· FFS: whether the term "time domain window" is used in the specification or replaced by other technical terms
· FFS: Whether the window is determined by the power consistency and phase continuity requirements and/or by other factors is to be decided.




According to the RAN4 LS reply, within the time domain window, the following restriction should be made;
(1) Modulation order shouldn’t change
(2) RB allocation (frequency allocation) shouldn’t change
(3) Frequency hopping shouldn’t occur
(4) Tx power shouldn’t change
(5) UL beam switching shouldn’t occur for FR2
In addition, from RAN1 perspective, within the time domain window, the following restriction should be made; 
(6) TPMI shouldn’t change for codebook-based transmission
(7) SRI shouldn’t change for codebook-based and non-codebook-based transmission
(8) Initial phase shift shouldn’t be allowed
In a case of PUSCH repetition of the same TB, components (1), (2), (6) and (7) are always met. For component (5), no special handling should be necessary. UL beam change is not assumed to occur so frequently. Therefore, the gNB can ensure not to trigger UL beam switch within the time domain window.
For component (3), the following options can be considered.
· Option 1: The gNB ensures that frequency hopping doesn’t occur within the time domain window
· Option 2: The time domain window is specified depending on the hopping boundary
For component (4), the following options can be considered.
· Option 3: The gNB ensures that no Tx power change occurs
· Option 4: Tx power control is performed by the time domain window basis
For component (8), it should be specified such that the UE doesn’t change the initial phase among PUSCH transmissions. In Rel-15/16, it is specified only within a slot or a frequency hop as follows [3]. It means that, even when all the requirements for phase continuity are met, it is UE implementation whether to maintain the phase continuity among PUSCH transmission in multiple slots.

	
3GPP TS38.211V16.4.0 (2020-12)
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…
If intra-slot frequency hopping is not enabled by higher layer parameter for a physical channel, the UE transmission shall be such that the channel over which a symbol on the antenna port used for uplink transmission is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed if the two symbols correspond to the same slot.
If intra-slot frequency hopping is enabled by higher layer parameter for a physical channel, the UE transmission shall be such that the channel over which a symbol on the antenna port used for uplink transmission is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only if the two symbols correspond to the same frequency hop, regardless of whether the frequency hop distance is zero or not.




Therefore, in our view, the time domain window should be specified for joint channel estimation in RAN1 specification, at least to ensure phase continuity. Additionally, we can discuss further whether/how to handle power change and hopping occurrence within the time domain window.
Proposal 2: A time domain window is specified such that the phase continuity is ensured.
· The specification should ensure that the UE transmission for PUSCH repetitions shall be such that the channel over which a symbol on the antenna port used for uplink transmission is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only if the two symbols corresponds to the same time domain window.
Figure 1 shows an example of time domain window configuration for a TDD scenario. As shown in the figure, time domain windows may be configured periodically such that each window includes one DL-UL cycle. Configuration can be either explicit or implicit based on the TDD configuration.
On the other hand, when dynamic SFI is considered, time domain window configuration should be adapted for each case. For example, in Figure 2(b) intended for URLLC traffic, the time domain window configuration should be 5 slots periodicity. On the other hand, in Figure 2(c) intended for uplink heavy traffic, the time domain window configuration should be 10 slots periodicity. Therefore, at least for the case of dynamic SFI configuration, the time domain window configuration should be determined implicitly such that each window includes single set of continuous UL region.
Proposal 3: Time domain window configuration should support implicit determination which enables a time domain window to include a set of continuous UL slots.


Figure 1: An example of time domain window configuration for a TDD scenario


Figure 2: An example of time domain window configuration for a TDD scenario
Conclusion
In this contribution, we have the following proposals:
Proposal 1: For non-back-to-back PUSCH transmissions across consecutive slots with X symbol gap (X=1~14) where no other uplink transmission is performed on the X symbol gap, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation at least for the following case:
· Over non-back-to-back transmissions of the same TB for repetition type A scheduled by dynamic grant or configured grant
Proposal 2: A time domain window is specified such that the phase continuity is ensured.
· The specification should ensure that the UE transmission for PUSCH repetitions shall be such that the channel over which a symbol on the antenna port used for uplink transmission is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only if the two symbols corresponds to the same time domain window.
Proposal 3: Time domain window configuration should support implicit determination which enables a time domain window to include a set of continuous UL slots.
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