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[bookmark: _Ref111201789]Introduction
The issue of whether all UEs are required to restart DMRS bundling after a semi-static event has been actively debated for a number of RAN1 meetings and remains open as of this meeting [1].  In this contribution, we discuss whether the behavior is clear in the specification, how severe any related problems are, and potential ways forward to close the issue. 
Discussion
[bookmark: _Ref86840165]In RAN1#107bis, a potential problem was identified with respect to the interaction of semi-static and dynamic events.  This led to proposal 3-v4, and then to proposal 3-v5 from RAN1#109, which remains an open issue in this meeting.
[bookmark: OLE_LINK30]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.

Proposal 3-v5:
Working assumption:
· For UE not capable of restarting DMRS bundling in response to dynamic events subject to FG-4g, 
· UE is able to restart DMRS bundling after a semi-static event, if there are no precedent dynamic events and no overlapping dynamic events with the semi-static event within the nominal TDW. 
· It’s subject to UE capability whether UE can restarting DMRS bundling after a semi-static event, if there are precedent dynamic events or overlapping dynamic events with the semi-static event within the nominal TDW. 
· UE Cap 0: UE has no ability to restart DMRS bundling after a dynamic event, i.e., after a dynamic event occurs during a nominal TDW, UE does not restart DMRS bundling until the end of the nominal TDW. This behaviour applies even if semi-static events occur after or overlapping with the dynamic event within the nominal TDW.
· UE Cap 1: UE is always able to restart DMRS bundling after semi-static events. In case a dynamic event occurs during a nominal TDW, UE does not restart DMRS bundling until the next semi-static event (if any) before the end of the nominal TDW, and UE restarts DMRS bundling after the semi-static event.
· For UE capable of restarting DM-RS bundling in response to dynamic events subject to FG-4g, 
· UE Cap 2: UE has full ability to restart DMRS bundling, i.e., UE restarts DMRS bundling after any dynamic or semi-static events.
How to define the UE capability is discussed in UE feature session.

The debate of this issue over the last 3 meetings can be summarized as:
1. Whether the spec is clear
It was argued by some that all UEs must restart DMRS bundling after a semi-static event regardless of whether there was a preceding dynamic event in the nominal time domain window. Others thought that as soon as a dynamic event occurs, the UE that does not support restarting DMRS bundling does not need to bundle any further repetitions until the end of the nominal time domain window.  As we discuss in prior contributions in detail (e.g. [2] and in the Appendix), we agree with the latter view, since that is our understanding of agreements in RAN1#107 and the specification. However, no conclusion could be reached on how the spec is to be interpreted, and we note that UE vendors had different opinions on which interpretation to take.  
2. How severe the problem is
A dynamic event must first occur, either before or simultaneously with a semi-static event, and both the events must occur within a nominal time domain window.  For there to be a loss in DMRS bundling performance, there must be enough repetitions left in the window to provide some channel estimation gain from bundling.  Furthermore, the events themselves must be frequent enough for link performance to be degraded.  Since specific combinations of events in relatively large time domain windows and these must occur frequently enough to degrade channel estimation, we think it is fair to say that the problem is not severe.
3.  Whether UE capability should be defined for restarting DMRS bundling after semi-static events
Arguments made to support defining a UE capability included that UE behavior after a dynamic event may be difficult to manage, and it is not really known how DMRS bundling UE implementations will work since such UEs have not yet been built.  Arguments against a new capability have been that the specification is clear, that the problem is not severe, and that it is late to define a new UE capability.  Defining UE capabilities should be well justified, since they complicate network operation, IoT testing, and limit the availability of features. Therefore, in our view, defining a new UE capability is a last resort to solve the problem.
Observations:
· There is no RAN1 consensus on if a UE not capable of restarting DMRS bundling will restart bundling after a dynamic event according to the current version of 38.214
· UE vendors include those with different views
· gNB must currently assume that phase continuity is not maintained after a dynamic event to be safe
· The problem does not appear to be severe
· Combinations of dynamic and semi-static events are needed, affect relatively long time domain windows, and occur frequently enough to degrade performance.
· UE capability can clarify behavior, although this is a last resort
· UE capabilities should be well justified given their impact on network operation, interoperability testing, and the availability of features in network.
· Defining UE capabilities because the spec is unclear is undesirable
· It is rather late in Rel-17 UE to define a new capability
Since the problem does not seem severe, we would prefer as simple a solution as possible that enables as many Rel-17 UEs as possible to support DMRS bundling.  While it seems that it will be difficult to agree to clarify the behavioral spec, this remains our first choice.  Since changes to UE capability are on the table, another possibility is to clarify UE capability 30-4g. If a UE doesn’t support FG 30-4g, it does not restart DMRS bundling after any dynamic event until the end of the nominal time domain window.  This has the least impact on UE capability, and so is our second choice.  Lastly, splitting the basic DMRS bundling capability to ‘UE Cap 0’ and ‘UE Cap 1’ as in the FL proposal 3-v5, is our third preference since creating new UE capabilities has the drawbacks listed above.
Proposal:
· Either 
· Clarify the specification that UEs that do not support DMRS bundling restart do not support restarting bundling after a dynamic event (first preference), revising 38.214 section 6.1.7 as follows
· revise 38.214 section 6.1.7 as follows
	- When PUSCH-Window-Restart is enabled and if the event occurs within an actual TDW for which the UE shall maintain power consistency and phase continuity, the start of a new actual TDW is the first symbol of the PUSCH transmission after the event which causes power consistency and phase continuity not to be maintained across PUSCH transmissions of PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots within the nominal TDW, and the PUSCH transmission is in a slot for PUSCH transmission of PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots.



· Clarify that Rel-17 UE capability 30-4g for DMRS bundling does not support restarting bundling after a dynamic event (second preference), or 
· Update UE capability as in FL proposal 3-v5 from RAN1#109 (third preference)
Summary
In this contribution, we have discussed the open issue of whether all UEs are required to restart DMRS bundling after a semi-static event [1].  We considered whether the behavior is clear in the specification, how severe any related problems are, and potential ways forward to close the issue. 

We made the following observations:
Observations:
· There is no RAN1 consensus on if a UE not capable of restarting DMRS bundling will restart bundling after a dynamic event according to the current version of 38.214
· UE vendors include those with different views
· gNB must currently assume that phase continuity is not maintained after a dynamic event to be safe
· The problem does not appear to be severe
· Combinations of dynamic and semi-static events are needed, affect relatively long time domain windows, and occur frequently enough to degrade performance.
· UE capability can clarify behavior, although this is a last resort
· UE capabilities should be well justified given their impact on network operation, interoperability testing, and the availability of features in network.
· Defining UE capabilities because the spec is unclear is undesirable
· It is rather late in Rel-17 UE to define a new capability
Based on the observations and discussions, we have following proposals.
Proposals:
· Either 
· Clarify the specification that UEs that do not support DMRS bundling restart do not support restarting bundling after a dynamic event (first preference), revising 38.214 section 6.1.7 as follows
· revise 38.214 section 6.1.7 as follows
	- When PUSCH-Window-Restart is enabled and if the event occurs within an actual TDW for which the UE shall maintain power consistency and phase continuity, the start of a new actual TDW is the first symbol of the PUSCH transmission after the event which causes power consistency and phase continuity not to be maintained across PUSCH transmissions of PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots within the nominal TDW, and the PUSCH transmission is in a slot for PUSCH transmission of PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots.



· Clarify that Rel-17 UE capability 30-4g for DMRS bundling does not support restarting bundling after a dynamic event (second preference), or 
· Update UE capability as in FL proposal 3-v5 from RAN1#109 (third preference)
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Appendix: Specification clarity for DMRS bundling restart
In RAN1#108, discussions toward the end of the meeting focused on if 38.214 is clear for UEs not capable of restarting DMRS bundling. 38.214 section 6.1.7 presently says 
“Events which cause power consistency and phase continuity not to be maintained … are”
“When PUSCH-Window-Restart is enabled, the start of a new actual TDW is the first symbol of the PUSCH transmission after the event”, 
“The end of an actual TDW” is either “The last symbol of the last PUSCH transmission in a slot for PUSCH transmission” or “The last symbol of a PUSCH transmission before the event if an event occurs which causes power consistency and phase continuity not to be maintained across PUSCH transmissions”
“The UE shall maintain power consistency and phase continuity within an actual TDW … in case the actual TDW is created in response to frequency hopping or in response to any event not triggered by DCI or MAC-CE.”
“The UE maintains power consistency and phase continuity within an actual TDW … in case the actual TDW is created in response to an event triggered by DCI other than frequency hopping or by MAC-CE, subject to UE capability.”
In Figure 2 below, a dynamic event precedes a semi-static event in a second slot of a 4 slot nominal TDW.  According to the text above, ATDW1 is created immediately after the dynamic event.  For there to be a restart, one might say the spec says that ATDW1 should end at the of the semi-static event. In that case, ATDW2 could start after the dynamic event. However, since events are things that cause continuity/consistency to be *not* maintained, and aTDWs end before an event which loses continuity/consistency, once continuity/consistency is lost for an ATDW, we don’t think it can be regained, since it is lost for this ATDW according to the UE capability.  Therefore, it is our understanding that the current spec creates ATDW1 such that starts after the dynamic event and continues until the end of the nTDW, and that the UE does not support continuity/consistency within this window.

[image: ]
[bookmark: _Ref101711401]Figure 2: Alternative Interpretations of Semi-static and Dynamic Events in Window Determination
So, while it may not be straightforward to read, the spec seems to work.  If it is felt that clarification is needed, one possibility could be the following change to the text in 38.214 section 6.1.7: 
-	When PUSCH-Window-Restart is enabled and if the event occurs within an actual TDW for which the UE shall maintain power consistency and phase continuity, the start of a new actual TDW is the first symbol of the PUSCH transmission after the event which causes power consistency and phase continuity not to be maintained across PUSCH transmissions of PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots within the nominal TDW, and the PUSCH transmission is in a slot for PUSCH transmission of PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots.
In this way, given the existing text “The UE shall maintain power consistency and phase continuity within an actual TDW … in case …”, it is more clear that if an event has already precluded continuity/consistency for an ATDW, continuity/consistency requirements are not reimposed by an event.  We therefore propose:
Observation:
· Given careful interpretation, the behavior for DMRS bundling with respect to the interaction of dynamic and semi-static events appears to be correct in 38.214
Proposal:
· If it is felt that clarification is needed with respect to the interaction of dynamic and semi-static events, revise 38.214 section 6.1.7 as follows to clarify that events do not reimpose continuity/consistency requirements within an ATDW:
-	When PUSCH-Window-Restart is enabled and if the event occurs within an actual TDW for which the UE shall maintain power consistency and phase continuity, the start of a new actual TDW is the first symbol of the PUSCH transmission after the event which causes power consistency and phase continuity not to be maintained across PUSCH transmissions of PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots within the nominal TDW, and the PUSCH transmission is in a slot for PUSCH transmission of PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots.
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