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1 Introduction
[bookmark: _Hlk22834419]This contribution discusses remaining issues for joint channel estimation over multiple repetitions of a PUSCH transmission.  
2 TPC commands for power adjustment
To perform joint channel estimation across repetitions of a PUSCH transmission, a same power and phase should be preserved over the repetitions. RAN1 introduced a time domain window (TDW) during which a UE is expected to maintain power consistency and phase continuity. To maintain the power consistency and phase continuity within TDW, the enhanced power control has been discussed in RAN1#107bis-e [1].
2.1 Rel-15/16 power control procedure with TPC command
In RAN1#107bis-e, the Rel-15/16 power control procedure for CG-PUSCH and DG-PUSCH, and  for accumulated and absolute TPC commands was discussed to establish a common understanding. The following proposal was part of the discussion:
	Proposal 11: Capture the following observations in Chair’s notes.
Observations:
· Clarification on whether absolute TPC command is supported for group common TPC with DCI format 2_2 for Rel-15/16 is needed.
· If supported, whether the timeline of absolute TPC command follows the accumulate TPC command.
· Clarification on the interpretation of the definition of  for DG-PUSCH in TS 38.214 for Rel-15/16 is needed.
· Interpretation 1:  is defined as the number of OFDM symbols after a last symbol of a corresponding PDCCH reception and before a first symbol of the PUSCH transmission occasion i. With this interpretation, value of  for a PUSCH transmission occasion is different from the one for another PUSCH transmission occasion among the same set of PUSCH repetitions for a TB.


Fig. Illustration of legacy power control procedure for DG-PUSCH (Interpretation 1)
· Interpretation 2:  is defined as the number of OFDM symbols after a last symbol of a corresponding PDCCH reception and before a first symbol of the first PUSCH repetition for a TB. With this interpretation, value of  for all PUSCH transmission occasions are the same for the TB.


Fig. Illustration of legacy power control procedure for DG-PUSCH (Interpretation 2)



The Rel-15 power control procedure supports absolute TPC commands provided by DCI format 2_2 when TPC accumulation is not enabled. Also, the UE applies the timeline requirement in the same manner as for the timeline of the accumulated TPC command for each CG-PUSCH and DG-PUSCH. 
Regarding the interpretation of the definition of  for DG-PUSCH in TS 38.214 for Rel-15/16, when the PUSCH repetition is scheduled by a DCI format, values of  for each PUSCH repetition are calculated with different number of symbols after a last symbol of a corresponding PDCCH reception and before a first symbol of the each PUSCH transmission. Therefore, we think the current specifications follow Interpretation 1.
Observation 1: Absolute TPC commands are supported for DCI format 2_2 in Rel-15/16. The timeline of absolute TPC commands is same as the timeline for the accumulated TPC commands.
Observation 2: Rel-16 specifications are according to Interpretation 1.
In RAN1#107bis-e, it was discussed whether a clarification of the interpretations summarized above is needed in the specifications. However, it turns out that RAN1 already discussed the relevant proposals in the past [2][3] which were not included in the specification. Therefore, we do not see the need for spec update. Regardless of the need for update, such discussion should be held in Rel-15/16 CR session and not in this WI.
Observation 3: TPs for changing the Rel-15/16 power control procedure may be discussed via Rel-15/16 CRs and are out-of-scope of the Rel-17 Coverage Enhancement WI. 
2.2 Rel-17 power control procedure with DMRS bundling
In RAN1#107bis-e, the following proposals were discussed for group common TPC commands, when DMRS-bundling is enabled. 
	Proposal 12: For the following working assumption,
· Confirm the main bullet
· Confirm the 1st sub-bullet for accumulate TPC commands
· Keep the 2nd sub-bullet for absolute TPC commands as working assumption and remove FFS sub-bullet.
	Working assumption:
· The action of group common TPC commands with format 2_2 does not constitute an event that violates power consistency and phase continuity.
· If UE is configured to accumulate TPC commands,
· If UE receives TPC commands that would take into effect during a configured TDW, UE accumulates TPC commands without taking effect during the current configured TDW. TPC commands take effect after the current configured TDW.
· If UE is not configured to accumulate TPC commands
· the last TPC command that would take effect within a configured TDW supersedes all previous TPC commands that take effect within that configured TDW and only the last TPC command is applied by the UE after the current configured TDW. 
· FFS: no more than 1 TPC command is expected to take effect during a configured TDW.



Proposal 13a: 
· No redefinition change of  and  for power control procedure when UE is provided PUSCH-DMRS-bundling = ‘enable’. Where  and  are defined in Section 7.1.1 in TS 38.213.
Proposal 13b: For group common TPC commands with format 2_2 for CG-PUSCH, if UE is configured to accumulate TPC commands,
· For a transmission occasion  occurs within a nominal time domain window, , where transmission occasion  is a first transmission occasion within the nominal time domain window.
· [bookmark: OLE_LINK3]For the first transmission occasion  occuring after the nominal time domain window, , where  is all the TPC command values that would take effect for the transmission occasions occurring after transmission occasion  and no later than transmission occasion  (i.e. including occasion k itself) between the first symbol of the previous nominal time domain window and the first symbol of current nominal time domain window.


The WA from RAN1#107-e [4] states that, when DMRS bundling is enabled, PUSCH repetitions during a time domain window are transmitted with a same power, and the power of PUSCH repetitions can change when the time domain window changes. Depending on a configuration, the UE accumulates group common TPC commands that are received within the time domain window and are used to update the power control adjustment state for power adjustment when the time domain window changes. In addition, TPC commands by DCI format 2_2 not being an event is a straightforward solution for the determination of TDWs. Therefore, we support Proposal 12 to confirm the WA without FFS. 
Proposal 1: RAN1 to confirm the WA without FFS for TPC commands provided by DCI format 2_2 for PUSCH transmissions when DM-RS bundling is enabled.
The above proposals 13a and 13b have been proposed to capture the WA on group common TPC commands in TS 38.213. For Proposal 13a, redefining either  or  for power control procedure is not acceptable since RAN1 agreed to not use transmission occasion to capture the WA in the specifications in order to avoid redefining quantities. Hence, Proposal 13b is the only one that can be further discussed. Proposal 13b is also a straightforward way to support the WA and RAN1 should not spend more time on this editorial issue. Therefore, we support in principle Proposal 13b. 
Proposal 2: Agree in principle to the following in order to capture the WA on TPC commands provided by DCI format 2_2 for PUSCH transmissions. 
If the UE is provided PUSCH-DMRS-bundling = ‘enable’, and for processing TPC command values provided by DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI,
· For a transmission occasion  occurs within a nominal time domain window, , where transmission occasion  is a first transmission occasion within the nominal time domain window.
· For the first transmission occasion  occuring after the nominal time domain window, , where  is all the TPC command values that would take effect for the transmission occasions occurring after transmission occasion  and no later than transmission occasion  (i.e. including occasion k itself)
3 Remaining potential event that violates power consistency and phase continuity
In RAN1#107bis-e, the collision rules between semi-static event and dynamic event were discussed for UE not capable of restarting DMRS bundling as below:
	Proposal 3-v4:
For UE not capable of restarting DM-RS bundling,
· If a semi-static event is triggered after one or multiple dynamic events, a new actual TDW is created after the semi-static event.
· If a semi-static event overlaps with a dynamic event, a new actual TDW is created after the semi-static event.
Note: No specification impact is expected.


The PUSCH-Window-Restart and PUCCH-Window-Restart were introduced to determine whether the UE can create a new actual TDW with phase continuity and power consistency after dynamic event. When dynamic event happens within nominal TDW, the UE not capable of restarting DM-RS bundling can not maintain the phase continuity and power consistency after the event because the UE needs preparation time. However, semi-static events like frequency hopping and beam switching for mTRP operation were pre-configured before scheduling the PUSCH repetition with DM-RS bundling, so the UE can restart DM-RS bundling regardless of the capability. With these concepts of semi-static and dynamic events, it is not clear what is the value of a UE capability of restarting DM-RS bundling if it proposed to agree that a UE would restart DM-RS bundling regardless of the UE capability to do so. It needs to be clarified whether the UE capability of restarting DM-RS bundling applies only to restarting DM-RS bundling after a dynamic event. If that is the case, RAN1 needs to agree to this and capture it in the UE capability. We provide the corresponding clarification in our companion paper [5]. With such understanding, Proposal 3-v4 can be supported with . 
Proposal 3: RAN1 to support the following cases for UE not capable of restarting DM-RS bundling:
· If a semi-static event is triggered after one or multiple dynamic events, a new actual TDW is created after the semi-static event.
· If a semi-static event overlaps with a dynamic event, a new actual TDW is created after the semi-static event.
Note: No specification impact is expected.
Note: Additional RRC parameter description should be discussed to capture this agreement in the UE feature.
4 The start of the nominal time domain window for CG-PUSCH:
In the last RAN1#107-e meeting, the following agreement was made to determine the configured TDW (i.e. nominal TDW):
	Agreement:
· 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.


As discussed in the last meeting, the first PUSCH transmission stated in agreement may lead to ambiguity of interpretation for CG-PUSCH. For CG-PUSCH, the first actual PUSCH transmission can be different with the scheduled first PUSCH occasion by UE implementation. It may lead to misunderstanding on determination of nominal TDW between gNB and UE. Therefore, we would like to further discuss to clarify the ambiguity. Furthermore, we are fine to define as ‘the start of first nominal TDW should be the first allocated slot in a configured grant periodicity for CG-PUSCH.’
Proposal 4: For CG-PUSCH, the start of first nominal TDW should be the first allocated slot in a configured grant periodicity. 
5 Conclusion
This contribution discusses the details and techniques for joint channel estimation over multiple PUSCH transmission. The proposals and observations made in this contribution are summarized as below:
Observation 1: Absolute TPC commands are supported for DCI format 2_2 in Rel-15/16. The timeline of absolute TPC commands is same as the timeline for the accumulated TPC commands.
Observation 2: Rel-16 specifications are according to Interpretation 1.
Observation 3: TPs for changing the Rel-15/16 power control procedure may be discussed via Rel-15/16 CRs and are out-of-scope of the Rel-17 Coverage Enhancement WI.
Proposal 1: RAN1 to confirm the WA without FFS for TPC commands provided by DCI format 2_2 for PUSCH transmissions when DM-RS bundling is enabled.
Proposal 2: Agree in principle to the following in order to capture the WA on TPC commands provided by DCI format 2_2 for PUSCH transmissions. 
If the UE is provided PUSCH-DMRS-bundling = ‘enable’, and for processing TPC command values provided by DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI,
· For a transmission occasion  occurs within a nominal time domain window, , where transmission occasion  is a first transmission occasion within the nominal time domain window.
· For the first transmission occasion  occuring after the nominal time domain window, , where  is all the TPC command values that would take effect for the transmission occasions occurring after transmission occasion  and no later than transmission occasion  (i.e. including occasion k itself)
Proposal 3: RAN1 to support the following cases for UE not capable of restarting DM-RS bundling:
· If a semi-static event is triggered after one or multiple dynamic events, a new actual TDW is created after the semi-static event.
· If a semi-static event overlaps with a dynamic event, a new actual TDW is created after the semi-static event.
Note: No specification impact is expected.
Note: Additional RRC parameter description should be discussed to capture this agreement in the UE feature.
Proposal 4: For CG-PUSCH, the start of first nominal TDW should be the first allocated slot in a configured grant periodicity. 
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