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Introduction
In RAN1#109, a working assumption on group common TPC commands in DCI format 2_2 in DMRS bundling operation was decided to be not confirmed.  Since the behavior of these TPC commands is not specifically defined for DMRS bundling in the current specifications, and since the working assumption was meant to lead to corrections in the specification to support this behavior, UE behavior with DCI format 2_2 may be unclear for DMRS bundling. The issue was discussed in RAN1#110 without consensus, and whether behavior is clear after this outcome from RAN1#110 was not discussed in RAN1#110bis. This contribution addresses the question of whether UE behavior is clear and proposes a way forward to close the issue.  A related draft CR is given in [2].
Discussion
In RAN1#109, support for group common TPC commands during a configured time domain window could not be agreed:
Conclusion
· No consensus on confirming the following working assumption in R17.
Working Assumption (Made in RAN1 #107-e)
· [bookmark: OLE_LINK16]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.
This means that the behavior for group common TPC with accumulated TPC is the same when DMRS bundling is used and is not used.  If the UE receives a group common TPC command, it should follow the command.  There is no event defined for group common TPC, so the UE must also maintain phase continuity even if the TPC would take effect within the window.  
The DMRS bundling design assumes that a TPC command during a window would break power consistency and phase continuity.  This is reflected by the requirement in 38.214 to maintain power consistency and phase continuity during a nominal time domain window.  However, since power consistency is not explicitly defined, this is not crystal clear in the specs.  UEs could interpret this lack of defined behavior to mean that they should not be configured with both DCI format 2_2 TPC and DMRS bundling, which could mean the combination of the two features is unavailable in networks. 
Then in order for the UE to maintain phase consistency/continuity when configured to receive group common TPC, the UE must receive commands that take effect outside of the window or just at its start such that a single transmit power value applies for the entire window.  This is not so desirable, since it can be difficult for the network to guarantee that TPC commands do not arrive during configured grant transmissions.  However, the network will be aware of when the TPC commands arrive, and so can choose to not coherently combine repetitions in windows that would be broken by TPC.
The severity of the problem also somewhat depends on how UEs interpret power control timing, which is unfortunately not straightforward for the current specifications in all cases.  Potential Rel-15 CRs to clarify the timing of DCI format 2_2 based power control timing for dynamically granted PUSCH repetitions with accumulated power control were debated in RAN1#108 [1].  Unfortunately, no consensus was reached on this case, so if UEs receive DCI 2_2 TPC commands for a repeated DG-PUSCH transmission during the PUSCH transmission, it is not clear if the UE will apply the TPC during the repetitions or if it will defer the TPC until the next scheduled PUSCH.  However, the timing for configured grant PUSCH with DCI format 2_2 commands is clear, and the UE can apply TPC commands during repeated CG-PUSCH transmissions.  DG-PUSCH with TPC in the scheduling PDCCH is even simpler, since there is a single TPC command that applies to all repetitions. 
Observations:
· While there is some ambiguity in TPC timing for DCI format 2_2, and therefore when TPC can disturb phase continuity, it is clear for common scenarios such as where TPC is given in the scheduling DCI for PUSCH, and where DCI format 2_2 is used for configured grant.
· For DCI format 2_2 with configured grant PUSCH, the current specifications imply that the UE should not expect TPC commands that take effect during a nominal time domain window.
· The UE can’t both apply the TPC command and maintain power consistency during a nominal time domain window.
· However, since ‘power consistency’ is not defined in the specifications, this is not crystal clear
· UEs could interpret this lack of defined behavior to mean that they should not be configured with both DCI format 2_2 TPC and DMRS bundling, which could mean the combination of the two features is unavailable in networks.
In RAN1#110, the following two options were discussed, but neither was agreed. Below we give a further analysis of the two options.
Issue #3: Group common TPC commands with format 2_2
· Option 2: The UE ignores group common TPC commands with format 2_2 that would take effect during the actual TDWs.
· Option 3: The UE is not expected to maintain power consistency and phase continuity when there is a change in Tx power during a nominal time domain window due to group common TPC commands with format 2_2.
Option 2, where a UE ignores group common TPC command which would take effect during an actual window, is a new UE behavior and needs justification.  Furthermore, proposal 1-v2 was not agreed in RAN1#109, which contained essentially the same proposal as Option 2 in a subbullet:
Proposal 1-v2: 
· The following working assumption is not confirmed.
	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.


· UE does not expect to receive group common TPC commands with format 2_2 that would take effect during the actual TDWs.
In RAN1#109 there was no consensus to confirm the working assumption, and there were objections to the ‘UE does not expect to receive’ subbullet.  Since if a UE does not expect to receive a TPC command, it can ignore it, then since the RAN1#109 subbullet was not agreeable then, Option 2 is not likely to be agreeable in this meeting.
Observations:
· Option 2 from RAN1#110: “The UE ignores group common TPC commands with format 2_2 that would take effect during the actual TDWs.”
· Is the same in our view as RAN1#109 proposal 1-v2 that “UE does not expect to receive group common TPC commands with format 2_2 that would take effect during the actual TDWs” that was not agreed.
· May be ambiguous with respect to timing, since the UE must determine when the TPC would take into effect, and DCI format 2_2 timing is ambiguous in some modes of operation.
· Is a new behavior, and adding new behaviors is late for Rel-17 DMRS bundling.
Option 3 can be beneficial as a way forward primarily to clarify power consistency as well as to clarify power control with DCI 2_2 and DMRS bundling. Given that common scenarios for PUSCH scheduling and TPC are supported, the current specifications seem adequate with respect to DCI format 2_2 with DMRS bundling.  However, they could be more clear with respect to power consistency.  Defining power control as an event has been proposed before, but was not agreeable.  The timing of power control in some modes of operation is also unclear, as discussed above, and so the timing of such events may be unclear.  Therefore, clarifications with respect to power consistency should not define new events.  They should only capture that UEs are not expected to maintain power consistency and phase continuity when there is a change in Tx power during a nominal time domain window due to a TPC command, namely Option 3 and as is written in [2].
Proposals:
· Clarify power consistency (and phase continuity)
· UEs are not expected to maintain power consistency and phase continuity when there is a change in Tx power during a nominal time domain window due to a TPC command
· Support the CR in [2]
Summary
In this contribution, we have addressed the question of whether UE behavior is clear in current specifications for operation of DMRS bundling with group common TPC commands in DCI format 2_2 and proposed a way forward to close the issue.  
We made the following observations:
Observations:
· While there is some ambiguity in TPC timing for DCI format 2_2, and therefore when TPC can disturb phase continuity, it is clear for common scenarios such as where TPC is given in the scheduling DCI for PUSCH, and where DCI format 2_2 is used for configured grant.
· For DCI format 2_2 with configured grant PUSCH, the current specifications imply that the UE should not expect TPC commands that take effect during a nominal time domain window.
· The UE can’t both apply the TPC command and maintain power consistency during a nominal time domain window.
· However, since ‘power consistency’ is not defined in the specifications, this is not crystal clear
· UEs could interpret this lack of defined behavior to mean that they should not be configured with both DCI format 2_2 TPC and DMRS bundling, which could mean the combination of the two features is unavailable in networks.
· Option 2 from RAN1#110: “The UE ignores group common TPC commands with format 2_2 that would take effect during the actual TDWs.”
· Is the same in our view as RAN1#109 proposal 1-v2 that “UE does not expect to receive group common TPC commands with format 2_2 that would take effect during the actual TDWs” that was not agreed.
· May be ambiguous with respect to timing, since the UE must determine when the TPC would take into effect, and DCI format 2_2 timing is ambiguous in some modes of operation.
· Is a new behavior, and adding new behaviors is late for Rel-17 DMRS bundling.
Based on the observations and discussions, we have following proposals.
Proposals:
· Clarify power consistency (and phase continuity)
· UEs are not expected to maintain power consistency and phase continuity when there is a change in Tx power during a nominal time domain window due to a TPC command
· Support the CR in R1-2212414
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