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1. Overall Description:
In [1], RAN4 asked for feedback on the use of DMRS bunding with SRS carrier switching, FR1 inter-band UL carrier aggregation, and SUL. A reply LS to RAN4 [2] was endorsed in RAN1#110 meeting, with the agreement “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.” RAN1 have considered these issues and provide the following answers:
1. SRS carrier switching
Regarding the question if SRS carrier switching would have any RAN1 spec impacts:
	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.



Since the allowed interruption times for SRS carrier switching (from the X1 and X2 values 38.133 section 8.2) are always two slots or more, there will be an DMRS bundling event that causes phase continuity to not be maintained due to this gap according to current RAN1 procedures (in 38.214 section 6.1.7). Therefore, if an SRS carrier switch happens during a bundling duration (i.e. a “time domain window” as defined in 38.214 section 6.1.7), then phase continuity is not maintained according to current RAN1 specifications at least across the gap caused by the switch (and also not within the gap, since there is no UL transmission in the gap). Whether UEs can restart DMRS bundling after such a gap is a UE capability.
Given this behavior, RAN1 do not find any spec impact from supporting SRS carrier switching in RAN4 requirements that have the constraint that if switching happens during the gap, the UE is not required to maintain phase continuity across (and within) the gap. RAN1 would like to point out that UEs capable of restarting DMRS bundling after a gap are expected to maintain phase continuity after the gap, but understand that such behavior is not presently tested in RAN4, and so the constraint proposed by RAN4 above should not affect the behavior of such UEs.
2. FR1 inter-band UL CA
For RAN1 spec impacts on FR1 inter-band UL CA with respect to:
	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?



There is no constraint on behavior defined for DMRS bundling where UL transmissions on multiple carriers can overlap in the current RAN1 specifications. However, RAN1 understand that RAN4 requirements for Rel-17 could be written to support only where there is transmission on a single UL carrier at a given time instant. While such a constraint could be introduced in Rel-17, it may cause some ambiguity. If constraints on performance requirements for phase continuity are needed for only for some Rel-17 UEs or at some times to support DMRS bundling, whether or not phase continuity is maintained or broken outside of these constraints will not be known. Consequently, RAN1 would like to ask RAN4 to decide if UE capability 30-4 should be updated to reflect that only a single UL carrier can be scheduled at a time.
RAN1 specifications do not limit the number of TAGs supported by DMRS bundling. Constraining RAN4 performance requirements to support where only one TAG is supported for DMRS bundling can affect use cases with different cell sizes that are relevant to DMRS bundling.  However, if transmissions in adjacent slots with different TAGs overlap, the UE may reduce its maximum configured output power in FR1 inter-band UL CA operation (according to 38.101-1 section 6.2A.4.1.3). RAN1 understand that this could cause phase continuity to be lost, depending on a number of factors. Then RAN1 wonder whether such reductions would be common and large enough to merit precluding UE capabilities for multiple TAGs. Therefore, RAN1 would like to ask RAN4 to decide if UE capability 30-4 should be updated to reflect that only one TAG is supported for FR1 UL inter-band CA with DMRS bundling operation.
As discussed above, there is no constraint on behavior defined in RAN1 for DMRS bundling and UL transmissions on multiple carriers. However, similar to SRS carrier switching, a gap in transmission on one carrier that is caused by switching carriers can cause phase continuity to not be maintained in a time domain window. 
RAN1 specifications do not address the case where a switching time or switching period happens at the beginning or end of a DMRS bundling window that may cause phase continuity to not be expected during the switching time/period, as this should be addressed by RAN4 specifications.  Therefore, there should be no direct impact to current RAN1 specifications from carrier switching for switching times/periods. 
DMRS bundling is configured on a per bandwidth part basis. When a UE is configured with multiple UL carriers in different bands, since each will contain at least one bandwidth part, each carrier can be independently configured with DMRS bundling. Therefore, more than one band can be configured with DMRS bundling at a time.
Moreover, RAN1 do not foresee any RAN1 specification impacts to FR1 inter-band CA resulting from the conditions/question provided by RAN4 above.

3. SUL
On RAN1 spec impacts for SUL:
	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.



More than one band can be configured with DMRS bundling. Since DMRS bundling is configured within each bandwidth part, current specifications allow SUL to be configured with DMRS bundling on either or both of NUL and SUL carriers of a cell.
The above rationale for inter-band UL CA applies: RAN1 does not explicitly constrain behavior for DMRS bundling for multi-carrier cases, including SUL, but phase continuity behavior for gaps caused by switching on a carrier is provided.  

2. Actions:
To RAN4:
ACTION: 	RAN1 respectfully request RAN4 to:
· Take the above information into account in their work on NR coverage enhancement for DMRS bundling.
· Decide if UE capability 30-4 should be updated to reflect that the UE only supports where at most one UL carrier is scheduled at a time.
· Decide if UE capability 30-4 should be updated to reflect that the UE only supports one TAG for FR1 UL inter-band CA with DMRS bundling operation 

3. Date of Next TSG-RAN WG1 Meetings:
TSG-RAN WG1 Meeting #111 	14 - 18 November 2022	Toulouse, France
TSG-RAN WG1 Meeting #112 	27 February – 3 March 2023	Athens, Greece
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