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[bookmark: _Ref506539118]Introduction
At the RAN1#110 meeting, the following conclusions and agreements were made regarding DMRS bundling for PUSCH and PUCCH [1]:
Conclusion
Reply to RAN4, including below: 
“RAN1 spec requires power consistency and phase continuity to be maintained during an actual TDW, as defined in Clause 6.1.7 in 38.214. RAN1 has not taken into account any power change due to P-MPR for satisfying the regulatory requirements. It is up to RAN4 to define any needed requirements for power consistency and phase continuity while also taking P-MPR into account.”

Decision: The draft LS is endorsed. Final version is approved in R1-2208212.
Further, at the RAN#97-e meeting, the following agreement was made for DMRS bundling in case of UL operation over multiple carriers [2]:
Conclusion
On the issue of supporting DMRS bundling in case of UL operation over multiple carriers, WGs are to continue with their work to resolve the issue (for radio configurations included in R4-2211225) before RAN#98 under the assumption of no RAN1 specification change.
In the contribution, we discuss remaining issues on DMRS bundling for PUSCH and PUCCH.  
On UE behavior of restarting DMRS bundling
At the RAN1#109-e meeting, clarification on UE behaviour of restarting DMRS bundling with respect to multiple semi-static and dynamic events within one nominal time domain window (TDW) was discussed [3]. In particular, two scenarios were considered as follows for UEs not capable of restarting DM-RS bundling in response to dynamic events:
· Case 1: when a semi-static event is triggered after one or multiple dynamic events
· Case 2: when a semi-static event overlaps with a dynamic event
In addition, at the RAN1#107-e meeting, the following agreement was made regarding the UE behaviour of restarting DMRS bundling [4]: 
	Agreement
· 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.
· An event is regarded as a dynamic event if it is triggered by a DCI or MAC-CE, otherwise it is regarded as a semi-static event.
· Note: At least frequency hopping event is considered as semi-static event.



Based on the agreement, it is evident that if a semi-static event is triggered, UE is mandatory to support restarting DM-RS bundling. In this regard, when a semi-static event is triggered after one or multiple dynamic events, a new actual TDW is created after the triggered semi-static event within a nominal TDW. Further, no additional UE capability needs to be introduced to handle this issue. Otherwise, this would lead to a fragmented UE feature on the support of DMRS bundling, which is not desirable from system operation and would make the DMRS bundling feature less practical.
In addition, Case 2 with overlapping between semi-static and dynamic event can be avoided by a reasonable gNB scheduler implementation. Note that during the maintenance phase for Rel-17 NR coverage enhancement, it is not preferable to further consider Case 2 for discussion, which is mainly targeted for optimization. 
Proposal 1
· For UEs not capable of restarting DM-RS bundling in response to dynamic events, 
· If a semi-static event is triggered after one or multiple dynamic events, a new actual TDW is created after the triggered semi-static event
· No additional specification impact is expected.

On the support of DMRS bundling for UL operation over multiple carriers
At the RAN1#110 meeting, RAN1 received a reply LS from RAN4 regarding the DMRS bundling, which includes the following information:
	RAN4 discussed whether applying DMRS bundle to FR1 inter-band UL CA would have any RAN1 spec impacts, and would appreciate RAN1 feedback before making further decision:
	Considering DL CA with “additional” UL carrier configured with SRS only (i.e. no PUCCH/PUSCH configured) with the following conditions:
· For carrier switching back and forth between UL carrier and SRS carrier, if the switching happens within the DMRS bundling duration, then the phase continuity is not maintained by the UE.
Considering FR1 inter-band UL CA with DMRS bundling with following conditions:
· UE shall only have ongoing transmissions on a single uplink carrier at the same time. If overlapping transmissions of PUSCH, PUCCH, and/or SRS are erroneously scheduled/configured by the gNB on more than one carrier, then the phase continuity of DMRS bundling will be broken.
· Only configuration of a single TAG is supported.
· If there is any carrier switching back and forth between two carriers and the switching happens within the DMRS bundling duration, then the phase continuity is not maintained by the UE.
· Can only one band can be configured with DMRS bundling at a time?



RAN4 also discussed whether applying DMRS bundle to SUL would have any RAN1 spec impacts, and would appreciate RAN1 feedback before making further decision:
	Considering SUL with DMRS bundling with following conditions:
· Can only one band can be configured with DMRS bundling at a time?
· If there is any carrier switching back and forth between SUL and NUL carriers and the switching happens within the bundling duration, then the phase continuity is not maintained by the UE.






Further, during the meeting, RAN1 discussed the issues that were listed in the RAN4 reply LS and approved the following response 
	RAN1 would like to thank RAN4 LS in R1-2205715(R4-2211225) to provide the latest status and the questions on NR Coverage Enhancement. RAN1 had the discussion and would like provide information below for consideration:

For support of DMRS bundling in CA/DC/SUL cases listed in RAN4 LS as extracted below:
-	DL CA with “additional” UL carrier configured with SRS only (i.e. no PUCCH/PUSCH configured)
-	FR1 inter-band UL CA with DMRS bundling
-	SUL with DMRS bundling
RAN1 has been evaluating the feasibility and conditions supposing there is no RAN1 spec impact. RAN1 will inform RAN4 the updates in the next RAN1 meeting. 
For the question about UE UL Tx power adaption asked in RAN4 LS, RAN1 had the discussion and made the following conclusion: 
RAN1 spec requires power consistency and phase continuity to be maintained during an actual TDW, as defined in Clause 6.1.7 in 38.214. RAN1 has not taken into account any power change due to P-MPR for satisfying the regulatory requirements. It is up to RAN4 to define any needed requirements for power consistency and phase continuity while also taking P-MPR into account.



At the RAN#97-e meeting, RAN could not reach consensus on whether there is additional RAN1 specification impact on the support of DMRS bundling for UL operation over multiple carriers. Note that in Section 6.1.7 in TS38.214, a list of events were specified, where an event is defined which cause power consistency and phase continuity not to be maintained during a nominal time domain window (TDW) for PUSCH and PUCCH repetitions. Further, UE is required to maintain power consistency and phase continuity during an actual TDW [7]. 
When DMRS bundling feature for coverage enhancement was initially discussed, it was mainly targeted for single carrier case given the fact that cell edge UEs with poor channel conditions are not expected to operate in CA scenario. However, RAN4 considered the support of DMRS bundling for UL operation over multiple carriers, including DL CA with “additional” UL carrier configured with SRS only, FR1 inter-band UL CA with DMRS bundling and SUL with DMRS bundling, under the assumption that no concurrent uplink transmission occurs in such scenarios. 
In our view, in case of no concurrent uplink transmission, DMRS bundling can be straightforwardly supported for UL operation over multiple carriers as mentioned in the RAN4 LS. Further, considering the fact that the existing list of events already covered various cases, no additional RAN1 specification impact is expected. 
Proposal 2
· DMRS bundling can be supported in CA/DC/SUL cases under the assumption of no concurrent uplink transmission.
· No RAN1 specification update is needed. 

[bookmark: _Ref52481833]Conclusions
In this contribution, we discussed remaining issues on DMRS bundling for PUSCH and PUCCH. Further, we summarize the proposals as follows:
Proposal 1
· For UEs not capable of restarting DM-RS bundling in response to dynamic events, 
· If a semi-static event is triggered after one or multiple dynamic events, a new actual TDW is created after the triggered semi-static event
· No additional specification impact is expected.
Proposal 2
· DMRS bundling can be supported in CA/DC/SUL cases under the assumption of no concurrent uplink transmission.
· No RAN1 specification update is needed. 
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