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Introduction
In the RAN1#105-e meeting, the following agreements and working assumption were made on joint channel estimation for PUSCH [1].
	Agreement at RAN1#105-e:
· Joint channel estimation over non-back-to-back PUSCH transmissions within one slot is not supported.
Agreement at RAN1#105-e:
· 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 at RAN1#105-e: Send LS to RAN4 asking the following questions
· [bookmark: _Hlk78482934]For joint channel estimation, is there a maximum duration during which UE is able to maintain power consistency and phase continuity under certain tolerance level? If any, how long is it?
· What factors determine the maximum duration?
· Whether the maximum duration should be the same for different cases for both PUSCH and PUCCH?
· Whether the maximum duration is dependent on the modulation order of transmission, e.g., QPSK, 16QAM, 64QAM? 
· Whether the maximum duration is dependent on UL waveform (DFT-s-OFDM vs. OFDM)?
· Whether the maximum duration is band specific?
· Besides the factors listed above, whether or not the maximum duration is further dependent on UE capabilities (e.g., multiple possible values for a given set of factor(s)), and if so, whether the UE should report such a duration
Agreement at RAN1#105-e:
· For back-to-back PUSCH transmissions within one slot, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following cases:
· Over back-to-back PUSCH transmissions (of the same TB) for repetition type B scheduled by dynamic grant or configured grant, if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A with consecutive slots 
· FFS: additional specification enhancements on top of that defined to support repetition Type A
· Only for single layer transmissions
· Subject to UE capability
· Joint channel estimation over back-to-back PUSCH transmissions with different TBs within one slot is not supported.
Working assumption at RAN1#105-e:
· For non-back-to-back PUSCH transmissions (at least for the case of the same TB) across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following cases:
· Over non-back-to-back PUSCH transmissions (of the same TB) for repetition type A scheduled by dynamic grant or configured grant.
· Over non-back-to-back PUSCH transmissions (of the same TB) for repetition type B scheduled by dynamic grant or configured grant, if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A. 
· FFS: additional specification enhancements on top of that defined to support repetition Type A
· Only for single layer transmissions
· Subject to UE capability
· FFS: Over non-back-to-back PUSCH transmissions with different TBs
· FFS: Over non-back-to-back PUSCH transmissions for TBoMS 
· For the non-back-to-back PUSCH transmissions, it is defined as at least when there is no UL transmission between the two successive PUSCH transmissions
· Subject to UE capability with details FFS (e.g., separate vs. joint capability for type A & type B, w.r.t. OFF power requirements, etc.)
· FFS: Joint channel estimation over non-back-to-back PUSCH transmissions with other uplink transmissions between the two successive PUSCH transmissions across consecutive slot.
Agreement at RAN1#105-e:
For joint channel estimation for PUSCH repetition type A of PUSCH repetitons 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 this contribution, we provide our views on joint channel estimation for PUSCH.

[bookmark: _Hlk61859955][bookmark: OLE_LINK69]Discussion on joint channel estimation for PUSCH
Use cases for joint channel estimation.
In previous RAN1#105-e meeting, it was agreed to support joint channel estimation over back-to-back PUSCH transmissions for PUSCH repetition type B within one slot, but joint channel estimation over non-back-to-back PUSCH transmissions within one slot is not supported. The use cases based on the agreements up to the last meeting can be summarized as follows: 
· Over back-to-back PUSCH transmissions for PUSCH repetition type A across consecutive slots.
· Over back-to-back PUSCH transmissions for PUSCH repetition type B across consecutive slots.
· Over back-to-back PUSCH transmissions for PUSCH repetition type B within one slot.
Additionally, the working assumption was made to support joint channel estimation over non-back-to-back PUSCH transmissions across consecutive slots at least for PUSCH repetition type A and B.
As mentioned above, it was agreed not to support joint channel estimation over non-back-to-back PUSCH transmissions within one slot. Joint channel estimation for PUSCH transmissions across non-consecutive slots is invalid use case since the maximum value of symbol gap in between PUSCH transmissions would exceed the 13. Thus, there is one potential use case left, i.e., joint channel estimation over non-back-to-back PUSCH transmissions across consecutive slots that was made as the working assumption in the last meeting. 
For joint channel estimation over non-back-to-back PUSCH transmissions across consecutive slots, PUSCH transmission with repetition is more likely to be allocated with the same power, RB, and MCS. On the other hand, the case of scheduling PUSCHs by separate UL grants scheduling different TBs seems to be inefficient for coverage limited UEs in terms of scheduling. Thus, PUSCH repetition type A and B can be considered for this potential use case, i.e., non-back-to-back PUSCH transmissions across consecutive slots.
For non-back-to-back PUSCH transmissions, RAN4 confirms the feasibility of phase continuity and power consistency for non-zero un-scheduled gap for a gap of less than 14 symbols. Also, at least if other UL signals/channels in between repetitions have the same settings in antenna port, occupied PRBs, and UL power with the repetitions, it is feasible to maintain the phase continuity and power consistency across the repetitions [2]. However, more inputs from RAN4 are necessary for the progress in RAN1, such as exact value(s) of gap symbol, definition of symbol gap. Therefore, more details can be further discussed accordingly after receiving the RAN4’s feedback.
· Proposal 1: For non-back-to-back PUSCH transmissions across consecutive slots, support PUSCH repetition type A and PUSCH repetition type B for joint channel estimation.
· Details can be further discussed accordingly based on RAN4’s feedback.

Time domain window.
[bookmark: _Hlk68694326]At the RAN1#105-e meeting, it was agreed to select one of two alternatives (Alt 1 and 2) for joint channel estimation for PUSCH repetition type A. We provide our views on FFS for each alternatives excluding frequency hopping and precoder cycling that can be discussed as other issues.
· Alt 1: All the repetitions are covered by one single window.
· FFS: How to handle non-consecutive physical slots for UL transmission, e.g., due to DL/UL configuration for unpaired spectrum.
In this case, phase continuity and power consistency can be hard to be maintained among repetitions in between non-consecutive slots. Thus, it may be difficult to contain whole repetitions in a single window in unpaired spectrum.
· Alt 2: All the repetitions are covered by one or multiple of time domain windows.
· 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.
Each window can be determined per bundle of consecutive slots for UL transmission. Thus, the start of each window depends on DL/UL configuration, i.e., the first slot containing repetition within a bundle of consecutive slots for UL transmission becomes the start of corresponding window. Thus, multiple of time domain windows can be non-consecutive according to DL/UL configuration. Additionally, if the number of consecutive slots for UL transmission exceeds the maximum duration of time domain window, the first available slot for UL transmission after the maximum duration of previous time domain window becomes the start of a new window.
· FFS: Each window consists of at least two adjacent physical slots for UL transmission.
The time domain window is the concept for joint channel estimation, and joint channel estimation is performed at least on two different adjacent physical slots in PUSCH repetition type A. Per-slot channel estimation was already supported in Rel-15/16. Thus, the time domain window is unnecessary when per-slot channel estimation is performed.
· FFS: How to determine the length of each window.
For both paired spectrum and unpaired spectrum, a common design can be considered. For this, consecutive slots for UL transmission within the maximum duration of time domain window can be determined as a single window. The maximum duration is a maximum time duration during which a UE is able to maintain power consistency and phase continuity subject to their requirements.
· FFS: Whether the length of each window depends on DL/UL configuration for unpaired spectrum.
We think that the length of each window depends on DL/UL configuration for unpaired spectrum. Consecutive slots for UL transmission within the maximum duration can be determined as a single window.
· FFS: How to handle non-consecutive physical slots for UL transmission, e.g., due to DL/UL configuration for unpaired spectrum.
Consecutive physical slots for UL transmission are consisted of a single window. Thus, non-consecutive physical slots for UL transmission can be a boundary among different windows.
Based on the above discussions, we propose to support Alt 2 for joint channel estimation for PUSCH repetition type A.
· Proposal 2: For joint channel estimation for PUSCH repetition type A, all the repetitions are covered by one or multiple of time domain windows (Alt 2).
· The start of each time domain window is the first slot containing repetition within a bundle of consecutive slots for UL transmission or the first available slot for UL transmission after the maximum duration of previous time domain window.
· The length of each time domain window is the number of consecutive slots for UL transmission within the maximum duration.

Inter-slot frequency hopping with inter-slot bundling.
For the inter-slot frequency hopping with inter-slot bundling, it is required to determine how many slots are included in one frequency hop to enable joint channel estimation at the gNB side. The number of slots per frequency hop M can be configured in RRC or dynamically indicated in a DCI scheduling PUSCH transmission. For example, if a UE is configured or indicated as M=2 and K=4, where K is the number of repetitions, a UE can determine the first two slots as the 1st frequency hop, and the second two slots as the 2nd frequency hop. A UE may try to keep power consistency and phase continuity during M slots in the same frequency hop. Thus, M can be same as the unit of the time domain window.
Next, a method to determine frequency hop index should be defined. There can be several options for frequency hop index determination.
[image: ]
Figure 1. Frequency hop index determination options.
In Figure 1, DDDSU TDD configuration is illustrated as an example. There are three different options for a UE to determine frequency hop index. In the figure, the value 0 means mapping to the 1st frequency hop and 1 means mapping to the 2nd frequency hop in that slot. It is assumed that the UE is configured or indicated as M=2 and K=16.
Option 1 is that a UE determines consecutive M slots as the same frequency hop index regardless of the UL slot. Thus, the UE determines a frequency hop index for every two consecutive slots from the first U slot where the PUSCH transmission is indicated. In this option, PUSCH transmissions with different UL slots can be multiplexed well. However, this option results in occurrence of frequency hopping boundary in the middle of consecutive M slots (highlighted as ‘red’ color) that would make joint channel estimation impossible.
Option 2 is that a UE determines M slots among the UL slots as the same frequency hop index. With this option, the number of slots associated with two hops is well-balanced so that it is expected to achieve high frequency diversity gain. However, similarly as in Option 1, this option also results in occurrence of frequency hopping boundary in the middle of consecutive M slots (highlighted as ‘red’ color) that would make joint channel estimation impossible.
With Option 3, a UE determines consecutive M’ slot among the UL slots as the same frequency hop index, where M’ can be less than M if there are no consecutive M slots among the UL slots. Since consecutive M’ slots among the UL slots are bundled to the same frequency hop, there is no frequency hopping boundary in the middle of consecutive M’ slots. Therefore, option 3 can provide higher availability of joint channel estimation. 
Based on the above discussions, frequency hopping index can be determined via Option 3 for inter-slot frequency hopping with inter-slot bundling. It can maximize the availability of joint channel estimation that is directly related with coverage, while the other options have potential drawbacks on joint channel estimation in  TDD scenarios.
· Proposal 3: For inter-slot frequency hopping with inter-slot bundling, up to M’ consecutive UL slots are determined as the same frequency hop index (Option 3), where M’ is no more than the configured/indicated number of slots for an inter-slot bundling. 

Conclusion
In this contribution, we provided our views on joint channel estimation for PUSCH and the followings were proposed:
· Proposal 1: For non-back-to-back PUSCH transmissions across consecutive slots, support PUSCH repetition type A and PUSCH repetition type B for joint channel estimation.
· Details can be further discussed accordingly based on RAN4’s feedback.
· Proposal 2: For joint channel estimation for PUSCH repetition type A, all the repetitions are covered by one or multiple of time domain windows (Alt 2).
· The start of each time domain window is the first slot containing repetition within a bundle of consecutive slots for UL transmission or the first available slot for UL transmission after the maximum duration of previous time domain window.
· The length of each time domain window is the number of consecutive slots for UL transmission within the maximum duration.
· Proposal 3: For inter-slot frequency hopping with inter-slot bundling, up to M’ consecutive UL slots are determined as the same frequency hop index (Option 3), where M’ is no more than the configured/indicated number of slots for an inter-slot bundling.
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