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Introduction
In RAN1#106-e meeting, several agreements and a conclusion were made regarding on joint channel estimation for PUSCH. [1] In this contribution, we discuss about use cases for joint channel estimation, dynamic signalling to enable/disable joint channel estimation, time-domain window for joint channel estimation and inter-slot frequency hopping with inter-slot bundling.

[bookmark: _GoBack]Use cases for joint channel estimation
Joint channel estimation between different TBs
In the consideration of supporting joint channel estimation of different TBs, if two different TBs are scheduled to have the same power control parameter and by the same grant, it can be supported. However to make these parameters to be aligned, it takes a lot of specification effort considering remained time is insufficient. Furthermore the actual use case is unclear and more importantly, it will affect the time domain window design. That is, the configured time domain window should include different TBs, and affects the determination of the maximum number of configured time domain window and also affects the determination of the start and end of time domain window, which are undesirable.
Proposal 1: Joint channel estimation between different TBs is not supported.

Joint channel estimation of TBoMS
Currently, joint channel estimation technology is being developed targeting PUSCH repetition type A. Therefore, if the technology for PUSCH repetition type A can support joint channel estimation of TBoMS, it is natural to support joint channel estimation of TBoMS. However, the details of TBoMS are currently under discussion, and the time domain window has not been determined yet. Therefore, joint channel estimation of TBoMS is supported only when technology for PUSCH repetition type A is reused, and introducing new technology dedicated for supporting joint channel estimation of TBoMS should be avoided.
Proposal 2: To support the joint CE of TBoMS, reusing the technology for PUSCH repetition type A can be considered and do not support the technology dedicated for TBoMS.

Dynamic signaling to enable/disable joint channel estimation
In previous discussion, dynamic signaling to enable/disable joint channel estimation was proposed. In our understanding, there is no specific use case for this, so there is no need to make it good to have. To support this, specific reason for enabling/disable of joint channel estimation to be dynamic is needed. In particular, dynamic disabling can be alternated by time domain window to be terminated due to an event with joint channel estimation is enabled without dynamic signaling. That is, even it is not dynamically disabled, it is possible to indicate UE to stop performing joint channel estimation in the enabled state.
Proposal 3: Do not support dynamic signaling to enable/disable joint channel estimation.

Time-domain window for joint channel estimation
In this section, we discuss about configuration method and unit, size of time-domain window. Whether the time-domain window is single or multiple is also included in discussion and UE behavior regarding time-domain window is discussed.

Unit of Time-domain window
According to the working assumption of the time domain window of the last 106-e meeting, in describing the start and end of the configured time domain window and the actual time domain window, an available slot and a physical slot, and a symbol or slot was discussed as a unit for each. Firstly it should be determined that the unit of time domain window to be available slot or physical slot. From our understanding, the available slot means a slot determined in advance by determining that PUSCH transmission is possible, however the physical slot can be interpreted as two ways. It could mean all uplink slots or a slot in which PUSCH is actually transmitted. It is necessary to align understanding of it among groups. In the former case, that is, when a physical slot means all uplink slots, only some of the physical slots will be configured as available slots. Therefore, if time domain window is configured based on this, it is very likely that the size of actual DMRS bundling may be reduced. Also, in the latter case, that is, when a physical slot means a slot in which PUSCH is actually transmitted, the gNB and the UE may not be able to know prior information about this, so there is a risk of misunderstanding at the boundary of the time domain window. Therefore, considering of the available slot as a unit can match the understanding of the UE and the gNB and prevent misunderstanding in which the bundle size is unintentionally reduced.
Also for the start and end of the configured time domain window and actual time domain window, it should be discussed that the unit is symbol or slot. The start of discussion should be the use case of joint channel estimation. For now, the use case includes only back-to-back and non-back-to-back consecutive slots and other uplink transmission between slots is not included. Also downlink monitoring or reception of downlink between slots is not included. Considering that it is not clear why the unit of it should be considered to be symbol level. Therefore it is natural that the unit of time domain window should be a slot, also considering PUSCH repetition type B is supported only if it reuses the technique for PUSCH repetition type A.
Proposal 4: Adopt available slot as unit of time domain window.

Single or multiple time domain window
The three alternatives were proposed by FL for the configuration of time domain window, and two of them was supported by majority, which are Alt 2-B and Alt 2-C’, those were merged to one which was agreed to be working assumption considering pros and cons of them. For each options, the illustration for TDD case is described as Figure 1. 


Figure 1. The original alternatives for time domain window.
The basic idea of Alt 2-B is to achieve the longest time domain window. To achieve it, the boundary of time domain window is implicitly determined and UE maintains the longest time domain window. The main advantage of it is that it can achieve the best performance for joint channel estimation. On the other hand, the basic idea of Alt 2-C’ is to place configured time domain window first and segment it to be sub window(s) based on the event. The main advantage of such configuration is that the boundary of time domain window can be known before the first PUSCH transmission and reduce the chance of misalignment between UE and BS to prevent error propagation issue.
From our understanding, the working assumption was merged on the purpose of including those advantages of Alt 2-B and Alt 2-C’. To achieve it, the configured time domain window should not be small since when it is not big enough, the working assumption will eventually become Alt 2-C’, which is not desirable since it cannot achieve the best performance gain of the joint channel estimation due to the size of time domain window becomes not big enough. That is, the maximum DMRS bundle size can be achieved when the configured time domain window is equal to or larger than the maximum duration which leads the best performance gain obtained by the joint channel estimation. Considering that the configured time domain window is divided into the actual time domain window due to the event, if there is no event other than the maximum duration is reached, the size of actual time domain window is the DMRS bundle size. So the configured time domain window should be maximized, for example a value much larger than the maximum duration, to achieve the size of the actual time domain window to be the maximum duration. 
Consider the size L is little bit larger than the maximum duration. Then, the size of the first actual time domain window will be maximum duration when there is no other event rather than the UE reaches the maximum duration. The size of the second actual time domain window within same configured time domain window will be very small since the actual time domain window should be within the configure time domain window. It should be noted that to achieve the maximum performance gain due to joint channel estimation, every actual time domain window should be large enough. However in such case, the performance gain will be limited since the size of second actual time domain window is not big enough which is undesirable.
Therefore, considering only the same TB is supported for now, the repetition number is appropriate to be configured time domain window. If the size of the configured time domain window is smaller than the repetition number, the actual time domain window size of the small size of configured time domain window is likely to be small too, and the gain of the joint channel estimation is not sufficiently obtained for such transmission.
Proposal 5: The number of repetition is desirable to be the size of configured time domain window.

The basic idea of working assumption is that a configured time domain window is segmented by one or multiple actual time domain window. The start and end of actual time domain window within configured time domain window is decided by the event, therefore detailed discussion regarding the event is necessary. According to the type of event, the start of actual time domain window after the event can be different. There is a type of event that actual time domain window cannot be started in the slot right after the event, and the other one is that actual time domain window can be started in the slot right after the event. It is described in Figure 2.


Figure 2. Two types of events
Considering that, the events should be classified. For example, the events such as other uplink transmission or downlink monitoring or reception needs at least one slot to postpone the start of next actual time domain window. On the other hand, the events such as maximum duration, applying the TPC command or TA adjustment would not need a slot to postpone the start of next actual time domain window, i.e., the actual time domain window can be continuously placed. The classification of such events are important since the error propagation can be occurred when the boundary of actual time domain window between gNB and UE is not aligned. 
Proposal 6: The classification of event is necessary considering the start of actual time domain window.
· Event type 1 (e.g., downlink reception/monitoring and other uplink transmission): the start of following actual time domain window after the event should be postponed at least one slot.
· Event type 2 (e.g., applying TPC command and TA adjustment): the start of following actual time domain window after the event can be adjacent slot.

TPC command
Regarding the reception of the TPC command, following two alternatives are agreed to be considered.
· Alt 1: UE is not expected to receive TPC commands during the current time domain window.
· Alt 2: UE receives and accumulates TPC commands without taking effect during the current time domain window.
Considering the first alternative, the TPC command should be received by UE between time domain windows to support power control. In case the time domain window is continuously placed, UE cannot receive TPC command during the time duration corresponding continued time domain window. This case can be occurred not only for FDD case but also TDD case considering uplink slots are continuously placed due to the uplink heavy configuration. Therefore the gNB can control transmit power of UE only when scheduling instance if the UE do not receive TPC commands during the current time domain window. It could lead performance degradation due to the channel variation when the size of time domain window is large, or more importantly, the unchanged power of UE can be the interference within the cell. In those regards, the alternative 2 is desirable. 
In that perspective, two discussion points are remained for applying of TPC accumulation. The first one is that accumulated TPC commands should be applied only for the first transmission occasion within the actual time domain window, and the other one is that same TPC command should be applied for the transmission occasions within the actual time domain window. Enabling techniques for each is needed to be discussed. For the solution for the first one, replacing the cardinality[image: ], the time duration of TPC accumulation period, to be the actual time domain window when joint channel estimation is enabled can be considered. And the simplest way to resolve second issue is that for transmission occasions within the actual time domain window other than the first transmission occasion, TPC commands of previous transmission occasion can be applied.
Proposal 7: Adopt Alt. 2 (i.e., UE receives and accumulates TPC commands without taking effect during the current time domain window.) for TPC commands and detailed discussion for applying same TPC command within the actual time domain window is necessary.

TA adjustment
Based on the fact that TA adjustment cannot ensure the phase continuity, it was agreed that UE does not perform TA adjustment within the time domain window and the details of it is remained to be discussed. There are two branches for them. The UE does not receive or ignore the TA adjustment command during the time domain window or UE perform TA adjustment outside of the time domain window when it is indicated to perform TA adjustment within the window. It should be noted that TA adjustments ensures the uplink orthogonality in gNB side. That is, every single uplink transmission of UEs within the cell should be within the CP length for the orthogonality in gNB side, and however it cannot be maintained due to the timing changes of UE when the TA adjustment is ignored or not performed by UEs within the time domain window which is likely to be large in some cases. To prevent it, gNB should indicate the TA adjustment and UE should perform TA adjustment according to it whether it is within the time domain window or not. It is also notable that uplink timing of UE can be changed due to the UE autonomous TA. For the unified solution for them, it is desirable for UE to report that the boundary of time domain window is changed when UE performs TA adjustment or autonomous TA within the time domain window. To be simple, performing TA adjustment and UE autonomous TA can be included in the event that decides the start and end of actual time domain window.
Proposal 8: TA adjustment and UE autonomous TA are included in the event.

Coherent transmission indication
The basic idea of working assumption to decide time domain window is segmentation of configured time domain window which means a configured time domain window consists of one or multiple actual time domain windows. In such methodology, there should be no misunderstanding between gNB and UE regarding the timing and the number of events during the configured time domain window since missing a single event might lead error propagation issue. Fortunately, semi-static events can be observed in advance by both gNB and UEs so can have common understanding regarding them. However for dynamic event, for example changing transmission power, fine time tracking of UE and large temperature variation and so on, gNB is hard to predict them which would lead error propagation issue. A simple solution for it is not starting actual time domain window within configured time domain window after the dynamic event. Even so, the gNB is still hard to know the end of actual time domain window when it is ended by the dynamic event, furthermore the number of actual time domain window will be less, which degrades the performance gain of joint channel estimation. In a word, it might seems simple solution but not desirable. 
The other way is that UE reports the end of actual time domain window due to the dynamic event and/or start of the following actual time domain window. Such report of UE is desirable to be known at gNB before decoding of uplink, otherwise the gNB should decode at least twice due to the decision of boundary of the actual time domain window. Such coherent transmission indication can be achieved by exploiting difference of DMRS resource (e.g., DMRS port, DMRS phase), and it should be done at least for the end of the actual time domain window due to the dynamic event.
Proposal 9: The coherent transmission indication using DMRS resource (e.g., DMRS port, DMRS phase) should be reported at least for the end of the actual time domain window due to the dynamic event.

Inter-slot frequency hopping with inter-slot bundling
The following was agreed at the RAN1#104bis-e meeting regarding inter-slot frequency hopping [1].
	Agreements:
· For inter-slot frequency hopping with inter-slot bundling, down select on the following two options:
· Option 1: The bundle size (time domain hopping interval) equals to the time domain window size.
· Option 2: The bundle size (time domain hopping interval) can be different from the time domain window size.
· FFS: Whether the bundle size (time domain hopping interval) is explicitly configured or implicitly determined.
· FFS: Whether/How the bundle size (time domain hopping interval) is defined separately for FDD and TDD.
· FFS: relation between the bundle size (time domain hopping interval) and the time domain window size




There are two types of time domain windows, configured time domain window and actual time domain window. Two options for frequency hopping accounting for those windows are considered. First, consider the configured time domain window as the time domain window in the agreement. For option 1, the size of configured time domain window should be less than the repetition number which is likely to limit the performance gain of joint channel estimation when the time domain hopping interval is not aligned to be maximum duration or the remained portion of configured time domain window other than time domain hopping interval is not aligned to be maximum duration. For option 2, frequency hopping can be performed without considering the configured time domain window size and only limitation is that the bundle size cannot be less than the size of actual time domain window since the PRB change make UE to maintain phase continuity impossible. Therefore option 2 is desirable when the time domain window in the agreement is configure time domain window.
Next, assuming actual time domain window to be the time domain window in the agreement, there is no problem in both option 1 and option 2. However when the size of actual time domain window is different from the bundle size in option 2, another segmentation is caused which will leads the performance gain of joint channel estimation. Therefore option 1 is desirable when the time domain window in the agreement is actual time domain window.
No matter the time domain window in the agreement it is, when hopping boundary is decided by UE, that is, frequency hopping according to the event derived by UE, the gNB should reserve two PRBs for a UE after the frequency hopping is indicated and should monitor both of them since the gNB does not know which PRB is selected to be transmitted by UE. Such configuration could be burden to gNB. To resolve it, the gNB should indicate the frequency hopping boundary to UE and the frequency hopping boundary should be a semi-static event which can be commonly known to UE and gNB.
Proposal 10: For inter-slot frequency hopping with inter-slot bundling, discussion accounting for actual time domain window and configured time domain window is needed.

Conclusion
In this contribution, we discuss on specifications of joint channel estimation for PUSCH. From the discussion, we obtained following proposals:
Proposal 1: Joint channel estimation between different TBs is not supported.
Proposal 2: To support the joint CE of TBoMS, reusing the technology for PUSCH repetition type A can be considered and do not support the technology dedicated for TBoMS.

Proposal 3: Do not support dynamic signaling to enable/disable joint channel estimation.

Proposal 4: Adopt available slot as unit of time domain window.
Proposal 5: The number of repetition is desirable to be the size of configured time domain window.
Proposal 6: The classification of event is necessary considering the start of actual time domain window.
· Event type 1 (e.g., downlink reception/monitoring and other uplink transmission): the start of following actual time domain window after the event should be postponed at least one slot.
· Event type 2 (e.g., applying TPC command and TA adjustment): the start of following actual time domain window after the event can be adjacent slot.

Proposal 7: Adopt Alt. 2 (i.e., UE receives and accumulates TPC commands without taking effect during the current time domain window.) for TPC commands and detailed discussion for applying same TPC command within the actual time domain window is necessary.
Proposal 8: TA adjustment and UE autonomous TA are included in the event.
Proposal 9: The coherent transmission indication using DMRS resource (e.g., DMRS port, DMRS phase) should be reported at least for the end of the actual time domain window due to the dynamic event.
Proposal 10: For inter-slot frequency hopping with inter-slot bundling, discussion accounting for actual time domain window and configured time domain window is needed.

Reference
[1] RAN1 chairman’s notes, RAN1 #106-e, e-Meeting, August 16th – 27th, 2021

Annex. Agreements and working assumption in RAN1#106-e meeting [2]

	Confirm the following working assumption
Working assumption:
· 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.
Conclusion
· Optimization of DMRS location in time domain for PUSCH is not considered for joint channel estimation in Rel-17.
Agreement
· Joint channel estimation for PUSCH transmissions and the time domain window are jointly enabled or disabled via RRC configuration for a UE.
· Note: Enabling/disabling of joint channel estimation for PUSCH transmissions means enabling/disabling of DMRS bundling for PUSCH transmissions under the condition of power consistency and phase continuity.
Agreement 
Make down-selection between the following two alternatives:
· Alt 1: UE is not expected to receive TPC commands during the current time domain window.
· Alt 2: UE receives and accumulates TPC commands without taking effect during the current time domain window.
Agreement
· UE should not perform TA adjustment during the time domain window.
‐   FFS: UE does not expect to receive TA command to indicate TA adjustment during the TDW.
‐   FFS: UE ignores any TA command which indicates TA adjustment during the TDW.
‐   FFS: UE performs TA adjustment after the TDW if it receives any TA command indicating TA adjustment during the TDW.

Working assumption:
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.
o    FFS: 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.
o    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.
o    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.
o    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.
o    If UE is not capable of restarting DM-RS bundling, no new actual TDW is created until the end of the configured TDW.
o    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.
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