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Introduction
In the RAN1#106-e meeting, the following agreement and working assumption were made on joint channel estimation for PUSCH [1].
	Agreement at RAN1#106-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.
Working assumption at RAN1#106-e:
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 consecutive/non-consecutive configured TDWs.
· Each configured TDW consists of one or multiple consecutive physical slots.
· The window length L of the configured TDW(s) can be explicitly configured with a single value and L is no longer than the maximum duration.
· FFS: The maximum value of L is the duration of all repetitions
· FFS: Solutions to error propagation issue if for L is longer than the maximum duration is to be discussed further.
· FFS: The window length L is configured per UL BWP
· The start of the first configured TDW is the first PUSCH transmission
· FFS: The first available slot/symbol, or the first physical slot/symbol for the first PUSCH transmission.
· The start of other configured TDWs can be implicitly determined prior to first repetition.
· FFS: The configured TDWs are consecutive for paired spectrum/SUL band
· FFS: The start of the configured TDWs for unpaired spectrum is implicitly determined based on semi-static DL/UL configuration.
· The end of the last configured TDW is the end of the last PUSCH transmission.
· FFS: The end of the configured TDW is the last available slot/symbol, or the last physical slot/symbol for the last PUSCH transmission.
· Within one configured TDW, one or multiple actual TDWs can be implicitly determined:
· The start of the first actual TDW is the first PUSCH transmission within the configured TDW.
· The first available slot/symbol, or the first physical slot/symbol for the first PUSCH transmission.
· After one actual TDW starts, UE is expected to maintain the power consistency and phase continuity until one of the following conditions is met, then the actual TDW is ended.
· The actual TDW reaches the end of the last PUSCH transmission within the configured TDW.
· FFS: The end of the actual TDW is the last available slot/symbol, or the last physical slot/symbol for the last PUSCH transmission.
· An event occurs that violates power consistency and phase continuity
· FFS: The events may include e.g., a DL slot based on DL/UL configuration for unpaired spectrum, the actual TDW reaches the maximum duration, DL reception/monitoring occasion for unpaired spectrum, high priority transmission, frequency hopping, precoder cycling.
· FFS: The end of the actual TDW is the last available slot/symbol of the PUSCH transmission right before an event such that the power consistency and phase continuity are violated.
· If the power consistency and phase continuity are violated due to an event, whether a new actual TDW is created is subject to UE capability of supporting restarting DMRS bundling.
· If UE is capable of restarting DM-RS bundling, one new actual TDW is created after the event,
· FFS: The start of the new actual TDW is the first available slot/symbol for PUSCH transmission after the event.
· If UE is not capable of restarting DM-RS bundling, no new actual TDW is created until the end of the configured TDW.
· FFS: UE capability of restarting DMRS bundling is applied only to dynamic event or not
Note 1: A ‘configured TDW’ refers to a time domain window whose length can be configured to ‘L’ and whose start and end is determined as described above.
Note 2: An ‘actual TDW’ refers to a time domain window during whose entire duration the DM-RS bundling is actually applied. An ‘actual TDW’ duration is always less than or equal to the ‘configure TDW’ duration.
Note 3: Whether the terms ‘configured TDW’ and ‘actual TDW’ are revised to other terms and if such terminology is used in specifications is to be further discussed.


In this contribution, we provide our views on joint channel estimation for PUSCH.
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Use cases for joint channel estimation.
In the previous RAN1#106-e meeting, it was agreed to support joint channel estimation over non-back-to-back PUSCH transmissions for PUSCH repetition type A and PUSCH repetition type B across consecutive slots at least when there is no UL transmission between the two successive PUSCH transmissions. The use cases based on the agreements up to the last meeting can be summarized as follows: 
· Use case 1: back-to-back PUSCH transmissions within one slot.
· PUSCH repetition type B.
· Use case 3: back-to-back PUSCH transmissions across consecutive slots.
· PUSCH repetition type A.
· PUSCH repetition type B.
· Use case 4a: non-back-to-back PUSCH transmissions across consecutive slots when there is no UL transmission between the two successive PUSCH transmissions.
· PUSCH repetition type A.
· PUSCH repetition type B.
Further, remaining potential use cases for joint channel estimation can be listed as follows:
· Use case 3: back-to-back PUSCH transmissions across consecutive slots.
· PUSCH transmissions with different TBs
· TBoMS.
· Use case 4a: non-back-to-back PUSCH transmissions across consecutive slots when there is no UL transmission between the two successive PUSCH transmissions.
· PUSCH transmissions with different TBs.
· TBoMS.
· Use case 4b: non-back-to-back PUSCH transmissions across consecutive slots with other UL transmissions between the two successive PUSCH transmissions.
· PUSCH repetition type A.
· PUSCH repetition type B.
· PUSCH transmissions with different TBs.
· TBoMS.
· Use case 5: PUSCH transmissions across non-consecutive slots.
· PUSCH repetition type A.
· PUSCH repetition type B.
· PUSCH transmissions with different TBs.
· TBoMS.
For Use case 3, PUSCH transmissions with different TBs and TBoMS can be considered as follows.
· Regarding PUSCH transmissions with different TBs, it may cause scheduling restriction to assign the same MCS, RB allocation, and UL transmission power for joint channel estimation. Also, it is questionable that such a scheduling can be efficient for coverage limited UEs instead of utilizing two types of repetition, i.e., PUSCH repetition type A and B.
· Regarding TBoMS, the working assumption was already made in the RAN1#104-e meeting [2], and it will be confirmed after basic design of TBoMS is defined in AI 8.8.1.2.
For Use case 4a, PUSCH transmissions with different TBs and TBoMS can be considered as follows.
· Regarding PUSCH transmissions with different TBs, we share the same view with Use case 3.
· Regarding TBoMS, since it contains the same TB and indicated via PUSCH repetition type A mechanism, it is more likely to satisfy the conditions of joint channel estimation.
· Proposal 1: For non-back-to-back PUSCH transmissions across consecutive slots when there is no UL transmission between the two successive PUSCH transmissions (Use case 4a), support TBoMS for joint channel estimation.
For Use case 4b, PUSCH repetition type A/B, PUSCH transmissions with different TBs, and TBoMS can be considered as follows.
· Regarding PUSCH repetition type A/B and TBoMS, it can be considered as valid use case according to the RAN4’s feedback [3] if same settings (same PAPR and average power, same PRB allocation, and same antenna port setting) between PUSCH transmission and other UL signal/channel are satisfied. However, it seems not beneficial to restrict such a scheduling between two different channels for being satisfying the condition to perform possibly joint channel estimation.
· Regarding PUSCH transmissions with different TBs, we share the same view with Use case 3.
For Use case 5, it won’t be considered as potential use case anymore as RAN4 replied that the 13-symbol is the maximum length for the gap for all SCS, and that the 14-symbol or 1ms will not be discussed anymore [3].

Time domain window.
[bookmark: _Hlk68694326]At the RAN1#106-e meeting, the working assumption was made that all the repetitions are covered by one or multiple consecutive/non-consecutive configured time domain windows (TDWs) for joint channel estimation for PUSCH repetition type A. We provide our views on some FFS in the working assumption.
· The window length L of the configured TDW(s) can be explicitly configured with a single value
· FFS: The maximum value of L.
In RAN1#105-e meeting, following agreement was made to define the maximum duration [4].
	Agreement:
· 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


According to the note in the above agreement, the maximum duration is no less than the time domain window duration. If the maximum duration is reported by a UE, a gNB may not configure the value of L larger than the UE’s maximum duration. Therefore, the maximum value of L can be the maximum duration.
· The start of the first configured TDW is the first PUSCH transmission.
· FFS: The first available slot/symbol, or the first physical slot/symbol for the first PUSCH transmission.
To maximize the gain of joint channel estimation, it’s beneficial to assemble PUSCH transmissions as much as possible within a TDW. Also, there will be no misunderstanding between a gNB and a UE about the available slots since available slots are determined based on semi-static configurations (i.e., tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated, and cell-specific SSB based on current agreements). Therefore, the start of the first configured TDW can be the first available slot/symbol for the first PUSCH transmission. For the slot/symbol level granularity of the start of the TDW, the slot level granularity seems sufficient since PUSCH repetition type A is repeatedly transmitted in slot-by-slot manner with the same SLIV value.
· The start of other configured TDWs can be implicitly determined prior to first repetition.
· FFS: The configured TDWs are consecutive for paired spectrum/SUL band.
Since band-specific design is not desirable, the configured TDWs can be commonly applied for all bands. In other words, the configured TDWs are consecutive for paired spectrum and SUL band (if SUL band is supported for joint channel estimation).
· FFS: The start of the configured TDWs for unpaired spectrum is implicitly determined based on semi-static DL/UL configuration.
For unpaired spectrum, the start of the configured TDWs can be implicitly determined based on semi-static DL/UL configuration. Similar with the first configured TDW case, the start of other configured TDWs can be the first available slot for the PUSCH transmission.
· The end of the last configured TDW is the end of the last PUSCH transmission.
· FFS: The end of the configured TDW is the last available slot/symbol, or the last physical slot/symbol for the last PUSCH transmission.
Similar view with the start of TDW. The end of the configured TDW is the last available slot for the last PUSCH transmission.
· Within one configured TDW, one or multiple actual TDWs can be implicitly determined:
· The start of the first actual TDW is the first PUSCH transmission within the configured TDW.
· FFS: The first available slot/symbol, or the first physical slot/symbol for the first PUSCH transmission.
Similar view with the configured TDW. The start of the first actual TDW is the first available slot for the first PUSCH transmission.
· After one actual TDW starts, UE is expected to maintain the power consistency and phase continuity until one of the following conditions is met, then the actual TDW is ended.
· The actual TDW reaches the end of the last PUSCH transmission within the configured TDW.
· FFS: The end of the actual TDW is the last available slot/symbol, or the last physical slot/symbol for the last PUSCH transmission.
Similar view with the configured TDW. The end of the actual TDW is the last available slot for the last PUSCH transmission.
· An event occurs that violates power consistency and phase continuity.
· FFS: The end of the actual TDW is the last available slot/symbol of the PUSCH transmission right before an event such that the power consistency and phase continuity are violated.
Similar view with the configured TDW. The end of the actual TDW is the last available slot of the PUSCH transmission right before an event such that the power consistency and phase continuity are not maintained.
· If the power consistency and phase continuity are violated due to an event, whether a new actual TDW is created is subject to UE capability of supporting restarting DMRS bundling.
· If UE is capable of restarting DMRS bundling, one new actual TDW is created after the event.
· FFS: The start of the new actual TDW is the first available slot/symbol for PUSCH transmission after the event.
Similar view with the configured TDW. The start of the new actual TDW is the first available slot for the first PUSCH transmission.
Based on above discussions, we propose to support that the maximum value of L is the maximum duration, the start/ the end of the configured or actual TDW is the first/ the last available slot, and configured TDWs are commonly applied for paired spectrum, unpaired spectrum, and SUL band (if SUL band is supported for joint channel estimation).
· Proposal 2: For joint channel estimation for PUSCH repetition type A, support following aspects as details for the TDW design.
· The maximum value of L is the maximum duration.
· The start/ the end of the configured TDW is the first/ the last available slot.
· The start/ the end of the actual TDW is the first/ the last available slot.
· Configured TDWs are commonly applied for paired/unpaired spectrum and SUL band (if SUL band is supported for joint channel estimation).

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.
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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 when there is no UL transmission between the two successive PUSCH transmissions (Use case 4a), support TBoMS for joint channel estimation.
· Proposal 2: For joint channel estimation for PUSCH repetition type A, support following aspects as details for the TDW design.
· The maximum value of L is the maximum duration.
· The start/ the end of the configured TDW is the first/ the last available slot.
· The start/ the end of the actual TDW is the first/ the last available slot.
· Configured TDWs are commonly applied for paired/unpaired spectrum and SUL band (if SUL band is supported for joint channel estimation).
· 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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