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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we continue discussing joint channel estimation for PUSCH.
TDW design
· Actual TDW
The following WA was agreed in actual TDW during RAN1 106b-e meeting. There are still more discussions for the first symbol and last symbol of an actual TDW. 
	Working assumption:
· The start of the first actual TDW is the first symbol (at least determined by TDRA table) for the first PUSCH transmission in an available slot within the configured TDW.
· The end of the actual TDW is
· the last symbol (at least determined by TDRA table) for the last PUSCH transmission in an available slot within the configured TDW if the actual TDW reaches the end of the last PUSCH transmission within the configured TDW.
· the last symbol (at least determined by TDRA table) of the PUSCH transmission right before the event if an event occurs that violates power consistency and phase continuity, and the PUSCH transmission is in an available slot.
· For UE capable of restarting DM-RS bundling, the start of the new actual TDW is the first symbol (at least determined by TDRA table) for PUSCH transmission after the event violates power consistency and phase continuity, and the PUSCH transmission is in an available slot.


[bookmark: OLE_LINK5]For the start of the first actual TDW in an available slot within the configured TDW, besides the first symbol of the first PUSCH transmission determined by TDRA table, it can be the first symbol of an actual PUSCH repetition, which would be treated as the first symbol for PUSCH transmission after the event or slot boundary. As shown in the Figure 1 actual PUSCH #6, which belongs to the configured TDW#1. It is the start of actual TDW#2, which is after DL symbol#0 and invalid symbol#1. Thus, the start of the first actual TDW in an available slot within the configured TDW can be the first symbol of the PUSCH after the event. Furthermore, the starting symbol of the first PUSCH in the configured TDW can be slot boundary that causes PUSCH segmentation. 
[image: ]
Figure 1: Example for actual time domain window
When the last symbol for the last PUSCH transmission in an available slot within the configured TDW if the actual TDW reaches the end of the last PUSCH transmission within the configured TDW, the last symbol for the actual TDW can also the last symbol in the slot. For example, as shown in Figure 2, the end of actual TDW1 reaches the end of configured TDW0. However, its ending symbol is the ending symbol of slot 1, not indicated by TDRA table. 
[image: ] 
Figure 2: Example for actual time domain window
Proposal 1: Confirm the WA with the updates in red words:
Working assumption:
· The start of the first actual TDW is the first symbol (at least determined by TDRA table) for the first PUSCH transmission in an available slot within the configured TDW.
· Determined by TDRA table
· Starting symbol of a slot
· Starting symbol after an event
· The end of the actual TDW is
· the last symbol (at least determined by TDRA table) for the last PUSCH transmission in an available slot within the configured TDW if the actual TDW reaches the end of the last PUSCH transmission within the configured TDW.
· Determined by TDRA table
· Ending symbol of a slot
· the last symbol (at least determined by TDRA table) of the PUSCH transmission right before the event if an event occurs that violates power consistency and phase continuity, and the PUSCH transmission is in an available slot.
· For UE capable of restarting DM-RS bundling, the start of the new actual TDW is the first symbol (at least determined by TDRA table) for PUSCH transmission after the event violates power consistency and phase continuity, and the PUSCH transmission is in an available slot.
· Window length L
	Agreement:
Down-select one of the following options in this meeting:
Option 1: 
· The maximum value of window length L of the configured TDW should not exceed the maximum duration, which is reported as UE capability as the duration where UE is able to maintain power consistency and phase continuity subject to power consistency and phase continuity requirements.
Option 1’: 
· The maximum value of window length L of the configured TDW should not exceed the maximum duration, which is reported as UE capability as the duration where UE is able to maintain power consistency and phase continuity subject to power consistency and phase continuity requirements.
· If L is not configured, the configured TDW length is equal to all repetitions
· If L is not configured, default behavior should be defined, e.g., the configured TDW length is equal to all repetitions
Option 3’: 
· Whether the window length L of the configured TDW can be longer than maximum duration is subject to UE capability.
· If UE is capable of L being longer than maximum duration,
· The maximum value of the window length L of the configured TDW is the duration of all repetitions.
· FFS: whether L cannot be other values other than the duration of all repetitions, if it is longer than the maximum duration.
· If L is longer than the maximum duration, UE does not expect dynamic events.
· FFS: details of dynamic events


From our perspective, the length L of configured TDW should be less than the maximum duration. Allowing L longer than maximum duration will complicate the joint channel estimation procedure. If L is not configured, the UE should understand the function of joint channel estimation is disable. Otherwise, if go with option 1’, UE may encounter an issue where the repetitions larger than maximum duration. Therefore, we prefer Option-1. 
Proposal 2: Support Option-1: The maximum value of window length L of the configured TDW should not exceed the maximum duration, which is reported as UE capability as the duration where UE is able to maintain power consistency and phase continuity subject to power consistency and phase continuity requirements.
	Agreement
· For DG-PUSCH, Type1 CG-PUSCH and Type2 CG-PUSCH, the window length L of the configured TDW is at least configured by RRC.
· FFS: For DG-PUSCH and Type2 CG-PUSCH, whether the window length L of the configured TDW can be indicated by DCI or indicated by TDRA table with one additional entry.
Agreement
· The window length L of the RRC configured TDW is configured separately for PUSCH and PUCCH.
· For PUSCH, L is configured per BWP.
FFS whether the window length L can be configured with each row in the TDRA table


As UE’s motions and positions may change from time to time, semi-statically configurations of window length seems not flexible and may trigger frequency RRC reconfiguration. Therefore, it is beneficial to introduce dynamic signaling for window length L. Currently, the bit length of TDRA for PUSCH can be up to 6 bits. By adding window length L in each row in TDRA table is a feasible solution, but it also weaken the flexibility of TDRA. From our perspective, it is better to find other un-used bits or code-point to indicate the window length in DCI. For RRC configuration of window length L, a separate field is preferred. 
Proposal 3: Support using DCI to indicate the window length L for DG-PUSCH and Type2 CG-PUSCH.
Proposal 4:Don’t support configuration of window length L within each row in the TDRA table.
· Events violating power consistency and phase continuity
	Agreement
Support at least the following events that violate power consistency and phase continuity.
‐   Dropping/cancellation based on Rel-15/16 collision rules.
‐   FFS: Rel-17 collision rules.
‐   DL slot or DL reception/monitoring based on semi-static DL/UL configuration for unpaired spectrum.
‐   FFS: Other UL transmission in between PUSCH/PUCCH transmissions.
‐   Gap between two PUSCH/PUCCH transmissions exceeds 13 symbols.
‐   FFS: Transmission parameters need to be changed due to network-indicated operations, including: Tx power, UL beam/TPMI, and RB allocation.
‐   FFS: TPC command.
‐   FFS: TA adjustment.
‐   FFS: The actual TDW reaches the maximum duration.
‐   FFS: Frequency hopping.
‐   FFS: Precoder cycling.
‐   FFS: other events.
‐   FFS: whether events are semi-static events or dynamic events.
‐   FFS: the time duration of an event.


From our perspective, beside the already agreed events the following events can also violate power consistency and phase continuity:
-TPC command, TA adjustment, Frequency hopping, UL beam/TPMI, and RB allocation
If there are other UL transmissions in between PUSCH/PUCCH transmissions, joint channel estimation can still work only if they share same parameters that can violate power consistency and phase continuity. Besides, time duration of event belongs to RAN4’s work. 
Proposal 5: The following events can also violate power consistency and phase continuity:
-TPC command, TA adjustment, Frequency hopping, UL beam/TPMI, and RB allocation
· UE capability of restarting DMRS bundling
	Agreement
Down-select one of the following options:
   Option 1: If DM-RS bundling is supported, UE is mandatory to support restarting DM-RS bundling due to semi-static events. UE capability of restarting DMRS bundling is applied only to dynamic events.
   Option 2: UE capability of restarting DMRS bundling is applied to both semi-static events and dynamic events.


From UE perspective, it is beneficial to introduce UE capability of restarting DMRS bundling for semi-static events and dynamic events, respectively.
Proposal 6: Support option 2: UE capability of restarting DMRS bundling is applied to both semi-static events and dynamic events.

Impact of TPC/TA for TDW
	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.


From our perspective, the TPC issue and TA issue are similar. Within a TDW, any change of TPC or TA will violate power consistency and phase continuity. Therefore, the TPC/TA received within a TDW shall take into effect after this TDW.
Proposal 7: UE performs power adjustment after the TDW according to accumulated TPCs received during the TDW.
Proposal 8: UE performs TA adjustment after the TDW if it receives any TA command indicating TA adjustment during the TDW.

Conclusions
In this contribution, we discuss joint channel estimation over multi-PUSCH with the following proposals:
Proposal 1: Confirm the WA with the updates in red words:
Working assumption:
· The start of the first actual TDW is the first symbol (at least determined by TDRA table) for the first PUSCH transmission in an available slot within the configured TDW.
· Determined by TDRA table
· Starting symbol of a slot
· Starting symbol after an event
· The end of the actual TDW is
· the last symbol (at least determined by TDRA table) for the last PUSCH transmission in an available slot within the configured TDW if the actual TDW reaches the end of the last PUSCH transmission within the configured TDW.
· Determined by TDRA table
· Ending symbol of a slot
· the last symbol (at least determined by TDRA table) of the PUSCH transmission right before the event if an event occurs that violates power consistency and phase continuity, and the PUSCH transmission is in an available slot.
· [bookmark: _GoBack]For UE capable of restarting DM-RS bundling, the start of the new actual TDW is the first symbol (at least determined by TDRA table) for PUSCH transmission after the event violates power consistency and phase continuity, and the PUSCH transmission is in an available slot.
Proposal 2: Support Option-1: The maximum value of window length L of the configured TDW should not exceed the maximum duration, which is reported as UE capability as the duration where UE is able to maintain power consistency and phase continuity subject to power consistency and phase continuity requirements.
Proposal 3: Support using DCI to indicate the window length L for DG-PUSCH and Type2 CG-PUSCH.
Proposal 4:Don’t support configuration of window length L within each row in the TDRA table.
Proposal 5: The following events can also violate power consistency and phase continuity:
-TPC command, TA adjustment, Frequency hopping, UL beam/TPMI, and RB allocation
Proposal 6: Support option 2: UE capability of restarting DMRS bundling is applied to both semi-static events and dynamic events.
Proposal 7: UE performs power adjustment after the TDW according to accumulated TPCs received during the TDW.
Proposal 8: UE performs TA adjustment after the TDW if it receives any TA command indicating TA adjustment during the TDW.
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