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In RAN1#106-e meeting, coverage enhancement on joint channel estimation for PUSCH was extensively discussed. A set of agreements on use cases and time domain window which need detailed design or down selection were achieved [1]. In addition, several proposals with no consensus during email discussion were left for further study in this meeting [2].
In this contribution, FFS points in the previous agreements and some other remaining issues about joint channel estimation are discussed.

Discussion
Potential use cases for joint channel estimation 
For PUSCH transmissions (of the same TB) for repetition Type B across consecutive slots, it has been agreed to be supported if it only reuses those joint channel estimation specification enhancements defined to support repetition Type A. However, the ‘reuse range’ is unclear. Whether it includes the use of configured time domain window, the bundle size of inter-slot frequency hopping or something else needs further clarification. 
Proposal 1: The details of reusing repetition Type A scheme for repetition Type B need to be further clarified.

The time domain window of joint channel estimation
The following working assumption on the design of the time domain window was achieved in RAN1#106-e meeting. 
	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.



Some details of the working assumption are further studied as following.
The maximum duration
The concrete size of the maximum duration should be determined up to RAN4 rather than RAN1. If only one candidate value is predefined by RAN4, the UE who supports DMRS bundling does not need to report the maximum duration additionally. On the other hand, if there are more than one candidate values of the maximum duration determined by RAN4, UE should report one of the maximum durations used as a reference for gNB when configuring the time domain window size.
Observation 1: Whether the maximum duration should be reported by UE or not is up to the number of the maximum duration determined by RAN4.

The window length L of the configured TDW(s)
It was proposed that the window length L of the configured TDW can be larger than the maximum duration without limitation. However, if there is a dynamic event, e.g. high priority transmission, error propagation may happen due to the miss detection of the scheduling DCI. Then, UE and gNB would have a misalignment on the segment of actual windows which seriously affects the application of the joint channel estimation, especially when the dynamic event happens early while the window length L is large. Here are two alternatives to alleviate the error propagation:
· Alternative 1: The window length L of the configured TDW should be no larger than the maximum duration.
· Alternative 2: Restarting DMRS bundling would not be applied to dynamic events. 
For Alt.1, the effect of the misalignment can be restricted within a relatively small period, i.e. the maximum duration. However, the configurable window length L would be limited. For Alt.2, error propagation can be completely avoided. The gNB does not expect to perform joint channel estimation after a dynamic event, until the end of the configured TDW. The performance of joint channel estimation may be poorer, because DMRS bundling cannot apply to the remaining PUSCH transmissions in the configured TDW, even if a UE is capable to do so. Hence, Alt.1 is preferred due to its simplicity and potential better performance
Proposal 2: To restrict the error propagation, the window length L of the configured TDW should be no larger than the maximum duration.

The start and the end of the configured TDW and actual TDW
A configured TDW is an ideal duration in which joint channel estimation is expected to be applied. Considering the configured TDW is highly probable to be further divided into one or multiple actual TDWs according to the events which violate power consistency and phase continuity, using slot as the granularity for the configured TDW is sufficient as we discussed in [3]. Hence, we propose that the start of the first configured TDW can be the first available slot, or the first physical slot for the first PUSCH transmission. Similarly, the end of the last configured TDW can be the first available slot, or the last physical slot for the last PUSCH transmission.
Proposal 3: Slot is applied as the unique time unit for configured TDW. 
· The start of the first configured TDW can be the first available slot, or the first physical slot for the first PUSCH transmission.
· The end of the last configured TDW can be the last available slot, or the last physical slot for the last PUSCH transmission.
In addition, we support to implicitly determine the start of other configured TDWs prior to first repetition. More concretely, the configured TDWs should be consecutive for paired spectrum. The start of a configured TDW other than the first one can be right after the end of the former configured TDW. Furthermore, for unpaired spectrum, semi-static DL/UL configuration shall be taken into consideration additionally when determining the start of other configured TDWs.
Observation 2: The start of other configured TDWs can be implicitly determined prior to first repetition separately for paired and unpaired spectrum.
For actual TDW, considering it refers to the entire time domain window during which the DM-RS bundling is actually applied, the granularity of the actual TDW should be more accurate. For example, if an SRS which violates power consistency and phase continuity is transmitted in the last symbol of a slot within a configured TDW, an actual TDW should end before the SRS. As shown in Figure 1, the PUSCH transmission in slot n+2 cannot be included in the first actual TDW if the actual TDW still works based on a number of slots. However, if the actual window works based on a set of symbols, the performance of the joint channel estimation would be better due to more PUSCH DM-RS can be bundled. Hence, the start and the end of an actual TDW can be unified determined based on the unit of symbol. Accordingly, if UE is capable of restarting DM-RS bundling, the start of the new actual TDW can also be the first symbol for PUSCH transmission after the event.


(a) Actual TDW based on available slots


(b) Actual TDW based on available symbols
[bookmark: _Ref82615132][bookmark: _Ref82615118]Figure 1: An example of the start and the end of the actual TDW
In addition, it seems no problem to reuse the design of the time domain window for PUSCH repetition type B of PUSCH repetitions of the same TB. At this time, the determination of the actual TDW based on the symbols is more suitable. 
Proposal 4: Symbol is applied as the unique time unit for actual TDW. 
· The start of the first actual TDW can be the first available symbol, or the first physical symbol for the first PUSCH transmission.
· The end of the actual TDW can be the last available symbol, or the last physical symbol for the last PUSCH transmission.

Capability of restarting DM-RS bundling
Most events listed in the working assumption which violate power consistency and phase continuity are semi-static except high priority transmission. In our opinion, when only semi-static events are involved, both gNB and UE are able to know the position of each actual TDW without confusion. The UE can predict and prepare its hardware even before the first actual TDW. It is reasonable that a UE is always capable of restarting DM-RS bundling for semi-static event. But for dynamic event, the requirement on UE processing capability is higher. It seems suitable to apply UE capability report for restarting DMRS bundling in case of dynamic event. 
Observation 3: The UE shall be able to restart DMRS bundling in case of semi-static event.
Proposal 5: UE capability of restarting DMRS bundling is applied only to dynamic event.

Inter-slot frequency hopping with inter-slot bundling
Frequency hopping will result in a random phase rotation between the two hops [4], which does not meet the requirement of phase continuity for DMRS bundling. Hence, new frequency hopping pattern is necessary to support the mechanism, such as inter-bundling frequency hopping.
The relationship between the bundle size and the time domain window size has been preliminarily discussed during RAN1 #104bis-e meeting. There are two options captured in the agreement for further study [5].
	Agreement:
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.



Since the concept of configured time domain window and actual time domain window have been introduced in RAN1#106-e meeting, the ‘time domain window’ mentioned in the above agreement needs to be further clarified. In our opinion, the ‘time domain window’ can be understood as the actual TDW during which the DM-RS bundling is actually applied. Considering frequency hopping is just one of the events which violate power consistency and phase continuity, the duration of the actual TDW may be affected by some other factors. Hence, the bundle size can be different from the actual TDW. In addition, the bundle size can be explicitly configured per BWP, i.e. in PUSCH-Config.
Proposal 6: The bundle size (time domain hopping interval) can be different from the time domain window size.
Proposal 7: The bundle size can be explicitly configured per BWP.
Another essential issue is how to indicate UE to perform inter-slot frequency hopping with inter-slot bundling. One straightforward method is to add a candidate option in PUSCH-config when configuring the frequency hopping method. Or, a UE can be implicitly indicated to enable the inter-bundling hopping when the UE is configured with RRC parameters related to joint channel estimation, e.g. enabling/disabling joint channel estimation and/or the bundle size.  Considering the bundle size (time domain hopping interval) is specifically introduced for the new inter-bundling frequency hopping pattern, we propose that UE performs the inter-slot frequency hopping with inter-slot bundling as long as the bundle size is configured.
Proposal 8: UE performs the inter-slot frequency hopping with inter-slot bundling as long as the bundle size is configured.

TA adjustment and TPC command
RAN4 replies that TA adjustment and UE uplink timing autonomous adjustment cause the phase to change [6]. In order to maintain power consistency and phase continuity, UE should not perform TA adjustment during an actual TDW. The following optimization of TA adjustment mechanism has been proposed in RAN1#106-e meeting:
	· 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.



We prefer that UE does not expect to receive TA command to indicate TA adjustment during an actual TDW. To be more specific, TA command can be considered as one of the dynamic events which violate power consistency and phase continuity. Usually, gNB would send TA command indicating TA adjustment when the timing offset is large and becomes unacceptable to the gNB. In this condition, even if UE ignores the TA command or does not perform the TA adjustment during the TDW, there is a high probability that the PUSCH transmissions may not be received correctly due to the large timing offset. Then, applying DMRS bundling to these PUSCH transmissions does not help. Hence, a new actual TDW shall be resumed after performing the TA adjustment, if the UE is capable to restart DMRS bundling after a dynamic event. Note that, if the gNB does not feel urgent for a UE to adjust the TA, it does not need to send a TA command during any configured/actual TDW.
Proposal 9: UE does not expect to receive TA command to indicate TA adjustment during an actual TDW.
· TA command is considered as a dynamic event for actual TDW determination.
In addition, UE should not adjust the transmit power during an actual TDW to maintain power consistency and phase continuity as well. The following optimization of TPC command mechanism has been proposed in RAN1#106-e meeting:
	· Make down-selection between the following two alternatives:
· Alt 1: UE is not expected to receive TPC commands that would take into effect after the start of a time domain window.
· FFS: Such TPC commands constitute events for TDW determination
· Alt 2: If UE receives TPC commands that would take into effect after the start of a time domain window, UE accumulates TPC commands without taking effect during the current time domain window.



Similar as TA command, a TPC command would be sent to a UE when gNB thinks that adjusting transmit power is more important than performing JCE. UE should perform the TPC command as long as received. Note that the gNB can choose not to send any TPC command within any configured TDW if it prefers to perform the JCE rather than increase the transmit power. Hence, to ensure a TPC command does not violate the power consistency within an actual TDW, the TPC command should be considered as a dynamic event for actual TDW determination. UE shall restart a new actual TDW after power adjustment if the UE is capable to restart DMRS bundling after a dynamic event. In a word, we prefer Alt.1 with the following update:
Proposal 10: UE does not expect to receive TPC command that would take into effect during an actual TDW.
· TPC command is considered as a dynamic event for actual TDW determination.

Conclusion
In this contribution, we share our views on PUSCH coverage enhancement on joint channel estimation. The observations and proposals are summarized as follows:
Observation 1: Whether the maximum duration should be reported by UE or not is up to the number of the maximum duration determined by RAN4.
Observation 2: The start of other configured TDWs can be implicitly determined prior to first repetition separately for paired and unpaired spectrum.
Observation 3: The UE shall be able to restart DMRS bundling in case of semi-static event.

Proposal 1: The details of reusing repetition Type A scheme for repetition Type B need to be further clarified.
Proposal 2: To restrict the error propagation, the window length L of the configured TDW should be no larger than the maximum duration.
Proposal 3: Slot is applied as the unique time unit for configured TDW. 
· The start of the first configured TDW can be the first available slot, or the first physical slot for the first PUSCH transmission.
· The end of the last configured TDW can be the first available slot, or the last physical slot for the last PUSCH transmission.
Proposal 4: Symbol is applied as the unique time unit for actual TDW. 
· The start and the end of the actual TDW can be determined based on the available symbols.
Proposal 5: UE capability of restarting DMRS bundling is applied only to dynamic event.
Proposal 6: The bundle size (time domain hopping interval) can be different from the time domain window size.
Proposal 7: The bundle size can be explicitly configured per BWP.
Proposal 8: Further study how to indicate UE to perform inter-slot frequency hopping with inter-slot bundling.
Proposal 9: UE does not expect to receive TA command to indicate TA adjustment during an actual TDW.
· TA command is considered as a dynamic event for actual TDW determination.
Proposal 10: UE does not expect to receive TPC command that would take into effect during an actual TDW.
· TPC command is considered as a dynamic event for actual TDW determination.
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