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Introduction
In the RAN1#104-e meeting, the following agreements were made on joint channel estimation for PUSCH [1].
	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)

Working assumption:
· 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 for the following case:
· Over back-to-back PUSCH transmissions for TB processing one TB processed over multiple slots
· It’s subject to UE capability

Agreements:
· [bookmark: _Hlk68688486]For joint channel estimation, define 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 or specified.
· 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.


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
Potential use cases.
In previous RAN1#104-e meeting, it was agreed to consider five potential use cases for joint channel estimation for PUSCH. Also, RAN4 replied on LS about conditions that UE can keep phase continuity cross PUCCH or PUSCH repetitions [2]. We provide our views on potential use cases for joint channel estimation.
For non-back-to-back PUSCH transmissions (Use case 2, 4, and 5), it is still discussing in RAN4 whether phase continuity can be maintained with non-zero gap in-between adjacent PUSCH transmissions. Thus, these use cases can be further discussed after RAN4’s conclusion.
For back-to-back PUSCH transmissions, there are two use cases, one is back-to-back PUSCH transmissions within one slot (Use case 1), and another one is back-to-back PUSCH transmissions across consecutive slots (Use case 3).
For Use case 1, PUSCH repetition type B and separate UL grants scheduling different TBs can be potentially considered.
· Regarding PUSCH repetition type B, same RB allocation and MCS can be guaranteed among repetitions since repetitions are scheduled via the same UL grant. However, the UL transmission power across nominal repetitions may be different even if each repetition includes the same TB. Nevertheless, it is more likely to be allocated with same power across repetitions since the repetitions are scheduled by the same UL grant. 
· Regarding separate UL grant scheduling different TBs, although a gNB may schedule such a back-to-back PUSCH transmission, it seems a rare case. For coverage limited case, it would be better to assign more symbols for a PUSCH transmission with a TB so that more than one PUSCH transmissions with different TBs in a slot are not a valid case. Also, it may cause the scheduling restriction at a gNB since the gNB should ensure that the separate UL grants scheduling different TBs should be scheduled with the same MCS, RB allocation, and UL transmission power.
For Use case 3, PUSCH repetition type A, PUSCH repetition type B, and separate UL grants scheduling different TBs can be potentially considered. It was agreed to support Use case 3 at least for PUSCH repetition type A. 
· Regarding PUSCH repetition type B, two adjacent actual repetitions each in consecutive slots can be considered. For adjacent actual repetitions in a nominal repetition, it is more likely to maintain power consistency and phase continuity case since same RB allocation, MCS, and UL transmission power is guaranteed in a nominal repetition. For adjacent actual repetitions each in consecutive nominal repetitions, as described in Use case 1, the UL transmission power of the consecutive nominal repetitions may be different. However, it is more likely to be allocated with same power across nominal repetitions since the repetitions are scheduled by the same UL grant. 
· Regarding separate UL grants scheduling different TBs, it may cause scheduling restriction to assign the same MCS, RB allocation and UL transmission power. Also, it is still questionable as in Use case 1 that such scheduling is efficient for coverage enhancement instead of repetition.
Note that the reply LS only considers PUSCH repetition cases [2] so that the condition on phase continuity for separate UL grant scheduling different TB may be further discussed in RAN4. Based on the above discussion, we propose to prioritize to discuss about PUSCH repetition cases for back-to-back PUSCH transmissions.
· Proposal 1: For back-to-back PUSCH transmissions, prioritize PUSCH repetition type A and PUSCH repetition type B for joint channel estimation.
· For non-back-to-back PUSCH transmissions, it can be further discussed after RAN4’s conclusion.
Time domain window.
It was agreed to introduce the time domain window for further discussion. The time domain window is a time interval during which UE is expected to maintain power consistency and phase continuity among PUSCH transmissions. We provide our views on the time domain window in the case of back-to-back PUSCH transmissions proposed in potential use cases.
Firstly, it should be clarified whether to specify time domain window or not. If the time domain window is not specified, misunderstanding between gNB and UE may occur in some cases. Also, in terms of complexity of gNB and UE, specifying the time domain window would be a better choice. Without specifying the time domain window, a UE may try to keep power consistency and phase continuity as much as possible for all PUSCH transmissions, while gNB may try to jointly estimate channel based on all DMRS symbols over PUSCH transmissions. Therefore, it would be beneficial to specify the time domain window.
If the time domain window is specified, the length of the time window should be determined. In case of PUSCH repetition, the length can be defined by a set of repetitions. 
· All repetitions.
A UE can determine a set of repetitions as all repetitions, i.e., from the first repetition to the last repetition. It is a simple method, but in case of TDD where some repetitions are dropped in D or S slots, power consistency and phase continuity may not be maintained. Note that due to dropping it is not a back-to-back PUSCH transmission. Also, it may impact on both UE and gNB implementation as the repetition number increases.
· Explicitly configured number of repetitions.
A UE can determine a set of repetitions via explicitly configured number of repetitions. For example, a UE can determine configured number of repetitions from the first repetition as a set of repetitions. It is beneficial in terms of complexity of gNB and UE since it has a limitation on the maximum window length. However, signalling overhead to explicitly configure the number of repetition is required. Also, the single-length window cannot cover some TDD configurations, such as TDD configuration with two patterns, pattern1 and patten2. In this case, additional signalling overhead may be required. 
· Implicitly configured number of repetitions.
A UE can determine a set of repetitions implicitly. For example, a UE can determine consecutive repetitions as a set of repetitions. With this method, since only consecutive repetitions are determined as the time window, power consistency and phase continuity can be guaranteed. However, if there are too many consecutive repetitions (e.g., UL heavy slot configuration in TDD or FDD), complexity of gNB and UE can be increased.
Comparing three candidates, both explicitly and implicitly configured number of repetitions can be considered to determine a set of repetitions for the length of the time domain window.
· [bookmark: _Hlk68694326]Proposal 2: For back-to-back PUSCH transmissions with repetition case, specify the time domain window. The length of the time domain window can be configured by a set of repetitions explicitly or implicitly.

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 first two slots as a 1st frequency hop, and second two slots as a 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 length of the time domain window.
Next, how 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 1st frequency hop and 1 means mapping to 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 first U slot where the PUSCH transmission is indicated. In this option, PUSCH transmissions with different UL slots can multiplexed well. However, this option results in occurring 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 occurring frequency hopping boundary in 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. 
· Proposal 3: For inter-slot frequency hopping with inter-slot bundling, it should be further discussed to determine frequency hopping index by taking into account UE multiplexing, frequency hop balancing and availability of joint channel estimation.
Conclusion
In this contribution, we provided our views on joint channel estimation for PUSCH and the followings were proposed:
· Proposal 1: For back-to-back PUSCH transmissions, prioritize PUSCH repetition type A and PUSCH repetition type B for joint channel estimation.
· For non-back-to-back PUSCH transmissions, it can be further discussed after RAN4’s conclusion.
· Proposal 2: For back-to-back PUSCH transmissions with repetition case, specify the time domain window. The length of the time domain window can be configured by a set of repetitions explicitly or implicitly.
· Proposal 3: For inter-slot frequency hopping with inter-slot bundling, it should be further discussed to determine frequency hopping index by taking into account UE multiplexing, frequency hop balancing and availability of joint channel estimation.
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