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In previous RAN1#106bis e-meeting [1], the following agreements about joint channel estimation for PUSCH were achieved, and the working assumptions on TDW were also achieved. 
	Agreement
It is agreed that
· For PUSCH repetition type A counting based on physical slots
· The start of the first configured TDW is the first physical slot for the first PUSCH transmission.
· The end of the last configured TDW is the last physical slot for the last PUSCH transmission.
· For PUSCH repetition type A counting based on available slots
· The start of the first configured TDW is the first available slot for the first PUSCH transmission.
· The end of the last configured TDW is the last available slot for the last PUSCH transmission. 
· Note: The determination of available slots for PUSCH repetition Type A is defined in AI 8.8.1.1.
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
Agreement
· For PUSCH repetition type A counting based on physical slots
· The configured TDWs are consecutive, where the start of other configured TDWs is the first physical slot right after the last physical slot of a previous configured TDW.
· For PUSCH repetition type A counting based on available slots
· The configured TDWs are determined based on available slots, where start of a configured TDWs is the next first available slot after the conclusion last available slot of a previous configured TDW.
· Note: The determination of available slots for PUSCH repetition Type A is defined in AI 8.8.1.1.
Working Assumption
Support Actual TDW Option 2b’:
· The start of the first actual TDW is the first available symbol (at least determined by TDRA table) in available slot for the first PUSCH transmission in an available slot within the configured TDW.
· The end of the actual TDW is
· the last available symbol (at least determined by TDRA table) in available slot 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 available symbol (at least determined by TDRA table) in available slot 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 available symbol (at least determined by TDRA table) in available slot for PUSCH transmission after the event violates power consistency and phase continuity, and the PUSCH transmission is in an available slot.
Agreement
· For back-to-back PUSCH transmissions across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following case:
· Over back-to-back PUSCH transmissions for one TB processed over multiple slots
· It’s subject to UE capability
· if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A
Note: No need to confirm the Working assumption
Working assumption:
· For back-to-back PUSCH transmissions across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following case:
· Over back-to-back PUSCH transmissions for one TB processed over multiple slots
· It’s subject to UE capability
Agreement
· For non-back-to-back PUSCH transmissions across consecutive slots (no uplink transmission in the middle of two PUSCH transmissions), support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following case:
· Over non-back-to-back PUSCH transmissions for one TB processed over multiple slots
· It’s subject to UE capability
· if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A
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.
 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.
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


[bookmark: OLE_LINK3]In this contribution, we will discuss the remaining issues on use case and the mechanism of enabling joint channel estimation.
2. Consideration on use case for joint channel estimation
Whether to support joint channel estimation over PUSCH transmissions with different TBs has been discussed over several e-meetings. According to the conditions to support joint channel estimation for PUSCH/PUCCH repetitions provided by RAN4, additional scheduling restrictions are required to support joint channel estimation over PUSCH with different TBs. For example, TB size has impacts in Tx power determination. In order to maintain the power consistency among different TBs, same TB size across the different TBs is required. In addition, TPMI precoder, SRI, and pathloss RS are also required to be unchanged over the multiple TBs, to make sure NW can perform joint channel estimation at the receiver. Furthermore, the mechanism of time domain window for joint channel estimation is mainly centered on the repetition transmission with the same TB. In order to support joint channel estimation over PUSCH transmissions with different TBs, the mechanism should be further discussed. Considering limited remaining time, support of joint channel estimation over PUSCH transmissions with different TBs should not be considered in Rel-17. 
Proposal 1: Joint channel estimation over PUSCH transmission with different TBs should not be considered in Rel-17.

In last e-meeting, how to handle the case that the other UL transmission in between two successive PUSCH/PUCCH transmissions has different settings than PUSCH was discussed extensively, and the following options are preferable: 
· Option 3: Drop the other UL transmission with different settings.
· Option 4: Transmit the other UL transmission with different settings and break the phase continuity.
If the other UL transmission with different settings in between the PUSCH/PUCCH repetitions has the higher priority or must be transmitted, once the power consistency and phase continuity would be broken, the other UL transmission should be regarded as an event and a new actual window could be restarted subject to UE capability. 
On the other hand, other UL transmissions in between the PUSCH/PUCCH repetitions can be dropped to make sure phase continuity can be guaranteed, if higher reliability for the PUSCH/PUCCH repetitions are expected. For example, periodic SRS transmission is configured in the last 2 symbols in one slot, where PUSCH repetitions are scheduled across the SRS symbols, as depicted in Figure 1. In this case, the periodic SRS transmission could be dropped to maintain the power consistency and phase continuity, which could be also legacy behaviour in current specification. 
Hence, both option 3 and option 4 can be supported, and whether other UL transmissions in between two repetitions can be dropped can be configured by NW. NW can configure whether other UL transmissions should still be transmitted, or drop the other UL transmission to achieve higher performance for the PUSCH/PUCCH repetitions from joint channel estimation. 
Proposal 2: For cases with other UL transmissions in between the PUSCH/PUCCH repetitions when DMRS bundling is enabled, either UE can drop other UL transmissions, or the other UL transmission can be transmitted, can be configured by NW.
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Figure 1. Example of periodic SRS transmission in between two successive PUSCH transmissions

3. Discussion on details of time domain window
3.1. The configured window length L 
Whether the configured window length L can be longer than the maximum duration was discussed extensively in last e-meeting, and the relevant agreement was achieved to down-select one of the alternatives as above. 
When L is much longer than the maximum duration, misalignment on actual TDW between gNB and UE could happen if events are triggered by dynamic signalling and the dynamic signalling is miss detected, and if UE is capable of restarting DMRS bundling, error propagation on determination of actual TDW could occur, as depicted in Figure 2. 
[image: ]
Figure 2. Example of error propagation
Besides, if L is much longer than the maximum duration, the application of TPC command and TA adjustment would be challenging. Even if TPC command or TA adjustment could be applied after an actual window, the impact of deferring the application TPC and TA command to the performance is not clear. For example, deferring the TPC command, which indicate 3dB power increase, may lead to degraded performance due to long time domain window caused by the configured TDW length.
In order to avoid these issues, the simplest way is to ensure that the configured window length L is no longer than the maximum duration. Thus, Option 3’ should be excluded. 
Furthermore, the only difference between Option 1 and Option 1’ is whether to define the default behaviour if L is not configured. However, in our understanding, define the default behaviour if L is not configured, e.g., the configured TDW length is equal to all repetitions, is unnecessary. For example, once the duration of all repetitions is longer than the maximum duration, the default behaviour would violate the principle that L is no longer than the maximum duration, which is unexpected. To solve the contradiction, NW would have to firstly judge whether the duration of all repetitions is longer than the maximum duration, and then to decide whether to configure L in case the unexpected default behaviour. Why not to directly configure the window length L for NW? Thus, it is unnecessary to define the default behaviour, and Option 1 is sufficient. 
Proposal 3: The configured TDW length L is no longer than the maximum duration capability reported by UE.
· Default length for the configured TDW is not supported, and NW has to configure TDW length if DMRS bundling is enabled.

3.2. The start/end of the actual windows
According to the agreements, the actual window is the time duration during where UE is expected to maintain the power consistency and phase continuity. In one slot allocated for PUSCH repetition, the symbols indicated by TDRA/SLIV would actually carry the PUSCH transmission, while there could be some unscheduled symbols in the slot. Especially, for the first unscheduled symbols in the first slot for an actual window and the last unscheduled symbols in the last slot for an actual window, the power consistency and phase continuity could be not required to maintain. That is, the start/end of an actual window should be determined based on the indicated symbol by TDRA/SLIV. 
Proposal 4: Confirm the following working assumption. 
Working Assumption
Support Actual TDW Option 2b’:
· The start of the first actual TDW is the first available symbol (at least determined by TDRA table) in available slot for the first PUSCH transmission in an available slot within the configured TDW.
· The end of the actual TDW is
· the last available symbol (at least determined by TDRA table) in available slot 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 available symbol (at least determined by TDRA table) in available slot 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 available symbol (at least determined by TDRA table) in available slot for PUSCH transmission after the event violates power consistency and phase continuity, and the PUSCH transmission is in an available slot.

3.3. Consideration on events violating the condition for JCE
According to the previous sub-section, if the maximum value of L is the maximum duration, the events violating the conditions for JCE should preclude that the actual TDW reaches the maximum duration. Because an actual window is always within the configured window, and actual window reaches the end of configured window can be regarded as one of the events, considering actual window reaching maximum duration as an event violating the phase continuity is redundant.
Proposal 5:  Actual TDW reaches the maximum duration is not considered as an event which violates power consistency and phase continuity

The main motivation to support frequency hopping interval with inter-slot bundling is to obtain the performance gain from joint channel estimation as much as possible. Hence, the transmission within a TDW should be mapped to the same frequency position as one frequency hop to fully take advantages of joint channel estimation. And the frequency hopping pattern should be determined based on the TDW pattern, e.g. the configured window. Thus, the frequency hopping should not be considered as an event violating power consistency and phase continuity within a configured TDW.
Proposal 6: Frequency hopping is not considered as an event which violates power consistency and phase continuity within a configured TDW.

If transmission parameters change, e.g., Tx power, UL beam/TPMI, and RB allocation, the power consistency and phase continuity for JCE cannot be maintained, which should be regarded as an event. For example, other UL transmission with different settings in between two successive PUSCH/PUCCH transmissions may result in change of transmission parameters. Thus, other UL transmission with different settings could be regarded as an event. 
Proposal 7: Consider the following event into the events violating power consistency and phase continuity,
· Transmission parameters need to be changed due to network-indicated operations, e.g. other UL transmission with different settings in between PUSCH/PUCCH transmission if transmitted , including: Tx power, UL beam/TPMI, and RB allocation.

3.4. Consideration on UE capability of restarting DMRS bundling
In our understanding, both gNB and UE are aware of the actual windows due to semi-static events without confusion. UE is able to prepare the relevant hardware in advance and there is enough processing time for UE to restart DMRS bundling right after the known semi-static events.  For example, according to TDD UL/DL configuration, multiple configured TDWs can be determined prior to the first repetition, as depicted in Figure 3. Specifically, if UE is not capable of restarting DMRS bundling, 3rd configured window would not be any actual window, as depicted in Figure 3(a). In order to avoid this kind of configured window without actual window, it could be mandatory for UE to support restarting DMRS bundling due to semi-static events, as the capability of restarting a new configured window, as depicted in Figure 3(b). 
However, events due to dynamic signalling may not occur prior to the first repetition, restarting new actual TDW dynamically may need additional requirement on UE capability. Hence, the capability of restarting DMRS bundling is applicable only for dynamic events.
Proposal 8: If DMRS bundling is enabled, it is mandatory for UE to support restarting DM-RS bundling due to semi-static events, and UE capability of restarting DMRS bundling is applied only to dynamic events. 

(a) If UE is not capable of restarting DMRS bundling

(b) If UE is mandatory to support restarting DMRS bundling due to semi-static events
Figure 3. Examples of configured windows

4. Application of TA adjustment and TPC command
Based on current specification, the received TPC commands are accumulated for a certain time if tpc-Accumulation is not provided, which means TPC command would not be immediately applied. Actually, for unpaired spectrum, if UE receives the TPC command during a TDW, which means there is a DL reception, the DL reception should be regarded as an event violating the DMRS bundling. While in paired spectrum, reception and transmission are simultaneous, and DCI reception in DL carrier would not violate the DMRS bundling. Obviously, the application of TPC command would break the power consistency. Thus, if UE is configured to accumulate TPC commands, UE should accumulate TPC commands without taking effect during the current actual TDW when receiving TPC commands that aim to take effect during an actual window. And TPC commands would take effect after the current actual window.
Proposal 9: If UE is configured to accumulate TPC commands, UE accumulates TPC commands without taking effect during the current actual TDW when receiving TPC commands that aim to take effect during an actual window, and TPC commands would take effect after the current actual window.
Even if UE is not configured to accumulate TPC commands due to NW implementation, the TPC command should not also immediately take effect during the current transmission occasion. Because frequent DCI reception and TPC command application would lead to fragmented actual windows, which damages the benefit of DMRS bundling. Instead, only the last TPC command could be applied by the UE, and the last TPC command supersedes all previous TPC commands that take effect within the current actual TDW, where UE is expected to maintain the power consistency and phase continuity. This behaviour provides the clear application time. 
Proposal 10: If UE is not configured to accumulate TPC commands, the last TPC command that would take effect within an actual TDW supersedes all previous TPC commands that aim to take effect within that actual TDW and only the last TPC command is applied by the UE.

For the applicability of TA adjustment during the current TDW, there is a consensus that UE should not perform TA adjustment during the time domain window, but which kind of TDW needs further discussion. Similar to TPC command, to maintain power consistency and phase continuity, UE could perform TA adjustment after an actual window even though the UE receives TA command for TA adjustment during the current actual window.  
Proposal 11: The action of TA commands does not constitute an event that violates power consistency and phase continuity, UE performs TA adjustment after the actual TDW if it receives any TA command indicating TA adjustment during the actual TDW.

5. Conclusion
In this contribution, we analyze and discuss the relevant mechanisms of enabling joint channel estimation, and have the following observations and proposals: 
Proposal 1: Joint channel estimation over PUSCH transmission with different TBs should not be considered in Rel-17.
Proposal 2: For cases with other UL transmissions in between the PUSCH/PUCCH repetitions when DMRS bundling is enabled, either UE can drop other UL transmissions, or the other UL transmission can be transmitted, can be configured by NW.
Proposal 3: The configured TDW length L is no longer than the maximum duration capability reported by UE.
· Default length for the configured TDW is not supported, and NW has to configure TDW length if DMRS bundling is enabled.
Proposal 4: Confirm the following working assumption. 
Working Assumption
Support Actual TDW Option 2b’:
· The start of the first actual TDW is the first available symbol (at least determined by TDRA table) in available slot for the first PUSCH transmission in an available slot within the configured TDW.
· The end of the actual TDW is
· the last available symbol (at least determined by TDRA table) in available slot 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 available symbol (at least determined by TDRA table) in available slot 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 available symbol (at least determined by TDRA table) in available slot for PUSCH transmission after the event violates power consistency and phase continuity, and the PUSCH transmission is in an available slot.
Proposal 5:  Actual TDW reaches the maximum duration is not considered as an event which violates power consistency and phase continuity
Proposal 6: Frequency hopping is not considered as an event which violates power consistency and phase continuity within a configured TDW.
Proposal 7: Consider the following event into the events violating power consistency and phase continuity,
· Transmission parameters need to be changed due to network-indicated operations, e.g. other UL transmission with different settings in between PUSCH/PUCCH transmission if transmitted , including: Tx power, UL beam/TPMI, and RB allocation.
Proposal 8: If DMRS bundling is enabled, it is mandatory for UE to support restarting DM-RS bundling due to semi-static events, and UE capability of restarting DMRS bundling is applied only to dynamic events. 
Proposal 9: If UE is configured to accumulate TPC commands, UE accumulates TPC commands without taking effect during the current actual TDW when receiving TPC commands that aim to take effect during an actual window, and TPC commands would take effect after the current actual window.
Proposal 10: If UE is not configured to accumulate TPC commands, the last TPC command that would take effect within an actual TDW supersedes all previous TPC commands that aim to take effect within that actual TDW and only the last TPC command is applied by the UE.
Proposal 11: The action of TA commands does not constitute an event that violates power consistency and phase continuity, UE performs TA adjustment after the actual TDW if it receives any TA command indicating TA adjustment during the actual TDW.
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