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Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]Editors’ CRs on Rel-17 NR coverage enhancements have been approved in [1][2][3]. In this contribution, we discuss the remaining issues on Rel-17 NR coverage enhancements.

Events for DMRS bundling
In last several RAN1 meetings [4][5][6], it was discussed extensively on the following two cases for UEs not capable of restarting DM-RS bundling. 
· 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?
However, no consensus has been reached. Based 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: 
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.

CA/DC/SUL for DMRS bundling
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 [7]. In our understanding, DMRS bundling for CA/DC/SUL is not precluded from RAN1 perspective.
RAN4 sent a reply LS on DMRS bundling in [8]. 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. From RAN1 perspective, to support DMRS bundling for FR1+FR2 UL CA, FR1+FR2 DC, and EN-DC with NR on FR2, there is no additional RAN1 specification impact. 
Observation: 
· To support DMRS bundling for FR1+FR2 UL CA, FR1+FR2 DC, and EN-DC with NR on FR2, there is no additional RAN1 specification impact.

For FR1 inter-band UL CA and DL CA with SRS carrier switching, RAN4 has following conclusions and is waiting for RAN1 feedback to make decisions. 
	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?



DL CA with SRS carrier switching, if the switching happens within the DMRS bundling duration, then the phase continuity is not maintained by the UE. There can be three options.
· Option 1: Define a new event for DMRS bundling for DL CA with SRS carrier switching.
· Option 2: No additional RAN1 specification impact. UE is not expected to have SRS carrier switching within the DMRS bundling duration.
· Option 3: DMRS bundling is not supported for DL CA with SRS carrier switching.

Proposal 1: For DL CA with SRS carrier switching, down select one of the following options.
· Option 1: Define a new event for DMRS bundling for DL CA with SRS carrier switching.
· Option 2: No additional RAN1 specification impact. UE is not expected to have SRS carrier switching within the DMRS bundling duration.
· Option 3: DMRS bundling is not supported for DL CA with SRS carrier switching.

For FR1 inter-band UL CA, 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. For UEs configured with FR1 inter-band UL CA and UL Tx switching, if uplinkTxSwitchingOption is set to ‘switchedUL’, since there are no concurrent transmissions on two bands, only switching back and forth affects the phase continuity. There can be following two options:
· Option 1: Define a new event for switching back and forth between two carriers within the DMRS bundling duration.
· Option 2: No additional RAN1 specification impact. UE is not expected to have switching back and forth between two carriers within the DMRS bundling duration.

Proposal 2: For UEs configured with FR1 inter-band UL CA and UL Tx switching, if uplinkTxSwitchingOption is set to ‘switchedUL’, down select one of the following options.
· Option 1: Define a new event for switching back and forth between two carriers within the DMRS bundling duration.
· Option 2: No additional RAN1 specification impact. UE is not expected to have switching back and forth between two carriers within the DMRS bundling duration.

For UEs configured with FR1 inter-band UL CA or FR1 inter-band UL CA and UL Tx switching, if uplinkTxSwitchingOption is set to ‘dualUL’, both overlapping transmissions between two bands and switching back and forth affect the phase continuity, there can be following two options.
· Option 1: Define a new event for overlapping transmissions of PUSCH, PUCCH, and/or SRS on more than one carrier; and define a new event for switching back and forth between two carriers within the DMRS bundling duration.
· Option 2: No additional RAN1 specification impact. UE is not expected to have overlapping transmissions of PUSCH, PUCCH, and/or SRS on more than one carrier, and UE is not expected to have switching back and forth between two carriers within the DMRS bundling duration.

Proposal 3: For UEs configured with FR1 inter-band UL CA or FR1 inter-band UL CA and UL Tx switching, if uplinkTxSwitchingOption is set to ‘dualUL’, down select one of the following options.
· Option 1: Define a new event for overlapping transmissions of PUSCH, PUCCH, and/or SRS on more than one carrier; and define a new event for switching back and forth between two carriers within the DMRS bundling duration.
· Option 2: No additional RAN1 specification impact. UE is not expected to have overlapping transmissions of PUSCH, PUCCH, and/or SRS on more than one carrier, and UE is not expected to have switching back and forth between two carriers within the DMRS bundling duration.

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.



For SUL, 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. Since there are no concurrent transmissions between SUL and NUL, only switching back and forth between SUL and NUL carriers affects the phase continuity, there can be following two options.
· Option 1: Define a new event for switching back and forth between SUL and NUL carriers within the DMRS bundling duration.
· Option 2: No additional RAN1 specification impact. UE is not expected to have switching back and forth between SUL and NUL carriers within the bundling duration.

Proposal 4: For SUL, down select one of the following options.
· Option 1: Define a new event for switching back and forth between SUL and NUL carriers within the DMRS bundling duration.
· Option 2: No additional RAN1 specification impact. UE is not expected to have switching back and forth between SUL and NUL carriers within the bundling duration.

Based on RAN4 LS [8], RAN4 is asking if DMRS bundling is supported for FR1 inter-band UL CA and SUL, whether only one band can be configured with DMRS bundling at a time. If multiple bands are configured with DMRS bundling and no new events are defined, in order to avoid breaking power consistency and phase continuity, gNB scheduling would be very complicated. Moreover, the motivation of DMRS bundling is to enhance the coverage performance of higher frequency bands. The benefit of configuring multiple bands with DMRS bundling is not clear. For FR1 inter-band UL CA or SUL, only one band can be configured with DMRS bundling at a time.
Proposal 5:
· For FR1 inter-band UL CA or SUL, only one band can be configured with DMRS bundling at a time.

Frequency hopping for DMRS bundling
In RAN1 #109-e meeting, frequency hopping for DMRS bundling for PUCCH/PUSCH was discussed [9]. During the discussion, there are mainly two options to calculate the starting RB for inter-slot frequency hopping when DMRS-bundling is enabled. Option 1 is to use physical slot index only, while Option 2 is to use SFN and physical slot index.
From our point of view, we prefer Option 2 for the following reasons:
· Firstly, it doesn’t overturn the previous agreement “Inter-slot frequency hopping pattern for PUSCH repetitions with DMRS bundling is determined based on physical slot index”.
· Secondly, compares with Option 2, Option 1 leads to an unbalanced hopping pattern whenever repetitions across frame boundaries.
Thus, we think the starting RB calculation should following the equation in current TS 38.214, and the square brackets outside the equation should be removed. Details can be referred to our companion contribution [10].


Proposal 6:
· Remove the square brackets outside the equation for inter-slot frequency hopping when DMRS bundling is enabled in [11]. 
Conclusions
In this contribution, we discussed the remaining issues on events and TPC commands. We have following conclusion, observation and proposals:
Conclusion: 
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.
Observation: 
· To support DMRS bundling for FR1+FR2 UL CA, FR1+FR2 DC, and EN-DC with NR on FR2, there is no additional RAN1 specification impact.
Proposal 1: For DL CA with SRS carrier switching, down select one of the following options.
· Option 1: Define a new event for DMRS bundling for DL CA with SRS carrier switching.
· Option 2: No additional RAN1 specification impact. UE is not expected to have SRS carrier switching within the DMRS bundling duration.
· Option 3: DMRS bundling is not supported for DL CA with SRS carrier switching.
Proposal 2: For UEs configured with FR1 inter-band UL CA and UL Tx switching, if uplinkTxSwitchingOption is set to ‘switchedUL’, down select one of the following options.
· Option 1: Define a new event for switching back and forth between two carriers within the DMRS bundling duration.
· Option 2: No additional RAN1 specification impact. UE is not expected to have switching back and forth between two carriers within the DMRS bundling duration.
Proposal 3: For UEs configured with FR1 inter-band UL CA or FR1 inter-band UL CA and UL Tx switching, if uplinkTxSwitchingOption is set to ‘dualUL’, down select one of the following options.
· Option 1: Define a new event for overlapping transmissions of PUSCH, PUCCH, and/or SRS on more than one carrier; and define a new event for switching back and forth between two carriers within the DMRS bundling duration.
· Option 2: No additional RAN1 specification impact. UE is not expected to have overlapping transmissions of PUSCH, PUCCH, and/or SRS on more than one carrier, and UE is not expected to have switching back and forth between two carriers within the DMRS bundling duration.
Proposal 4: For SUL, down select one of the following options.
· Option 1: Define a new event for switching back and forth between SUL and NUL carriers within the DMRS bundling duration.
· Option 2: No additional RAN1 specification impact. UE is not expected to have switching back and forth between SUL and NUL carriers within the bundling duration.
Proposal 5:
· For FR1 inter-band UL CA or SUL, only one band can be configured with DMRS bundling at a time.
Proposal 6:
· Remove the square brackets outside the equation for inter-slot frequency hopping when DMRS bundling is enabled in [11]. 
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