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1 Introduction
In the last RAN1 meeting (R1-105-e), the implementation of Joint channel estimation for multi-slot PUSCH (JCE) was debated and the few agreements were made [1]. In this paper, we provide our views on the open issues to enable the joint channel estimation.
2 Discussion
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.

The proposal on time domain window has agreed to be working assumption in the previous meeting. In this document, we try to address the pending issues in the aspects of Joint channel estimation (JCE) implementation. Determining the start of configured time domain windows prior to first transmission will be more flexible if physical slot based counting is performed. Physical slot/symbol based configured TDW is easier way of implementation as the start of all configured TDWs can implicitly determine before the first TDW. Whereas in case of actual TDW, available slot/symbol based start and end determination will be more accurate. As actual TDWs are the time windows over which UE maintain phase continuity and power consistency, it is more logical if available slot is used as reference to determine the start and end of actual TDW.
Proposal 1: Physical slot/symbol to be used as the reference to determine start and end of configured TDW and available slot/symbol to be used to determine start and end of actual TDW.
The window length of the configured TDW (L) should be always less than the maximum duration over which phase continuity can be maintained by an UE. The maximum duration over which phase continuity and power consistency can be maintained is based on the UE capability and recommended by RAN4. If L is greater than maximum duration over which phase continuity maintained (D), then the benefits of DMRS bundling cannot be reaped and on the other hand the effects of phase error will degrade the performance. So, the window length L should always be less than D and configured for every UL BWP. Besides it is expected L to be less than the duration over which all the PUSCH repetitions of JCE is configured (N).
Proposal 2: . Where L is the configured time domain window length, D is the maximum duration that an UE can maintain phase continuity and power consistency (based on recommendation by RAN4) and N is the duration of PUSCH repetitions of same TB over which JCE is spanning.
The start of all configured TDWs is determined prior to the first configured TDW. The configured TDWs are consecutive for paired spectrum/SUL band and will be according to semi-static DL/UL configuration for un-paired spectrum. TDWs should be configured on the slots that follow PUSCH repetition type-A procedure. Legacy approach of PUSCH repetition can be reused in counting the slots and actual TDWs are configured over the slots according to paired or un-paired spectrum.
3 Summary
In this paper, we discussed the pending issues of joint channel estimation over multi slot PUSCH. We have the following proposals. 
Proposal 1: Physical slot/symbol to be used as the reference to determine start and end of configured TDW and available slot/symbol to be used to determine start and end of actual TDW.
Proposal 2: . Where L is the configured time domain window length, D is the maximum duration that an UE can maintain phase continuity and power consistency (based on recommendation by RAN4) and N is the duration of PUSCH repetitions of same TB over which JCE is spanning.
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