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Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]In RAN#97e, DMRS bundling for multiple carriers and UE behavior of restarting DMRS bundling were discussed. However, RAN#97e has not addressed these two issues and the following conclusion was drawn [1].
· 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.
· Regarding UE behavior of restarting DMRS bundling, continue discussions in RAN1.
In this contribution, we discuss DMRS bundling for multiple carriers and UE behavior of restarting DMRS bundling for Rel-17 NR coverage enhancements.
DMRS bundling for multiple carriers
In RAN1#109-e, when discussing the granularity of FGs 30-4a to 30-4h, one issue was raised that whether DMRS bundling is supported for CA/DC/SUL [2]. In our understanding, DMRS bundling for CA/DC/SUL is not precluded from RAN1 perspective. RAN4 sent a LS on DMRS bundling in [3] that RAN4 has agreed to define requirements for Rel-17 DMRS bundling for FR1+FR2 UL CA, FR1+FR2 DC, and EN-DC with NR on FR2, and DMRS bundling configuration is limited to one uplink NR carrier in total on all FRs at a time. For FR1 inter-band UL CA and SUL, RAN1 feedback is needed before RAN4 to make decisions. In RAN1#110, RAN1 sent a reply LS [4] to RAN4 that “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. ”
According to [3], for DL CA with SRS carrier switching, FR1 inter-band UL CA and SUL, 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. 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. Based on the discussion in RAN1#110 [5][6], concurrent transmission on multiple carriers and switching back and forth between two carriers can be avoided by gNB scheduling or covered by the following existing events in the current specification. Therefore, DMRS bundling can be supported for DL CA with SRS carrier switching, FR1 inter-band UL CA and SUL without additional RAN1 specification impact.
· The gap between any two consecutive PUSCH transmissions, or the gap between any two consecutive PUCCH transmissions, exceeds 13 symbols for normal cyclic prefix or exceeds 11 symbols for extended cyclic prefix.
· The gap between any two consecutive PUSCH transmissions, or the gap between any two consecutive PUCCH transmissions, does not exceed 13 symbols but other uplink transmissions are scheduled between the two consecutive PUSCH transmissions or the two consecutive PUCCH transmissions.
· For PUSCH transmissions of PUSCH repetition type A, or PUSCH repetition type B or TB processing over multiple slots, a dropping or cancellation of a PUSCH transmission according to clause 9, clause 11.1 and clause 11.2A of [6, TS 38.213].
· For PUCCH transmissions of PUCCH repetition, a dropping or cancellation of a PUCCH transmission according to clause 9, clause 9.2.6 and clause 11.1 of [6, TS 38.213].
Conclusion 1:
· DMRS bundling is supported for DL CA with SRS carrier switching, FR1 inter-band UL CA and SUL without additional RAN1 specification impact.
UE behavior of restarting DMRS bundling
In last several RAN1 meetings [5][7][8][9], it was discussed extensively on the following two cases for UEs not capable of restarting DM-RS bundling. However, no consensus has been reached. Based RAN#97e’s guidance, RAN1 continues the discussion. 
· Case 1: A semi-static event is triggered after one or multiple dynamic events. Whether a new actual TDW is created after the semi-static event?
· Case 2: A semi-static event overlaps with a dynamic event. Whether a new actual TDW is created after the semi-static event?
In the current specification, for UEs not capable of restarting DM-RS bundling, when PUSCH-Window-Restart or PUCCH-Window-Restart is enabled, it is not clear whether a new actual TDW is created for the above two cases, which has been acknowledged by the majority companies. In addition, companies acknowledged that there would be performance degradation if gNB and UE have different understandings. Therefore, it is necessary to clarify the specification.
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Fig.1 Illustration of case 1



Fig.2 Illustration of case 2

The motivation of introducing UE capability of supporting restarting DMRS bundling is that UE may need to know the start of each actual TDW ahead of time. This issue is only relevant to dynamic events, since UE can know semi-static events beforehand. In this sense, a new actual TDW is created after a semi-static event no matter whether there are dynamic events before the semi-static event. For case 2, gNB should avoid the overlapping between semi-static events and dynamic events. In case the overlapping cannot be avoided, since the UE knows the semi-static events beforehand, a new actual TDW is created after the event. 
Conclusion 2: 
For UEs 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 triggered semi-static event.
· If a semi-static event overlaps with a dynamic event, a new actual TDW is created after the triggered semi-static event.
· Note: No specification impact is expected.
Conclusions
In this contribution, we discussed DMRS bundling for multiple carriers and UE behavior of restarting DMRS bundling. We propose the following conclusions:
Conclusion 1: 
· DMRS bundling is supported for DL CA with SRS carrier switching, FR1 inter-band UL CA and SUL without additional RAN1 specification impact.

Conclusion 2: 
For UEs 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 triggered semi-static event.
· If a semi-static event overlaps with a dynamic event, a new actual TDW is created after the triggered semi-static event.
· Note: No specification impact is expected.
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