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Introduction
In their LS [1], RAN4 informed RAN1 of further decisions on UE capability on operation in carrier aggregation and dual connectivity. RAN4 also asked for feedback on the use of DMRS bundling with SRS carrier switching, FR1 inter-band UL carrier aggregation, and SUL, and also if RAN1 specs limit the UE modifying its Tx power during DMRS bundling. In this contribution, we discuss implications of these agreements and propose responses to the issues that RAN4 asks about. A draft LS is provided in [3] to form the basis for a reply to RAN4. 
Discussion 
Multi-carrier aspects
In item 2) of [1], RAN4 provide some decisions on support for multi-carrier operation, and ask for RAN1’s views on DL CA with SRS carrier switching, FR1 inter-band UL CA, and SUL:
2) CA/DC/SUL support 
RAN4 would like to inform RAN1 and RAN2 that it has agreed to define requirements for the following additional radio configurations for Rel-17 DMRS bundling:
· FR1+FR2 UL CA, FR1+FR2 DC, and EN-DC with NR on FR2. DMRS bundling configuration is limited to one uplink NR carrier in total on all FRs at a time.
· FR1 inter-band DL CA with a “single” uplink band configured, meaning no switching to transmit SRS on another carrier.
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.



Unfortunately, RAN4 has still not concluded on whether the UE capability signalling to support each of these configurations should be defined per-band, or per-band per band combination. Previous RAN4 agreements on UE capability are not overturned.
In the following subsections, we consider each of carrier switching, FR1 inter-band UL CA, and SUL in turn, and then summarize observations and provide recommended responses to RAN4.
SRS carrier switching
Regarding the SRS carrier switching case where DL CA is configured with an SRS-only carrier, SRS carrier switching allows UEs to interrupt transmissions on the switching-from cell in order to allow the UE to retune to and from, and transmit the SRS on, the switching-to cell. The allowed interruption times are given in 38.133 section 8.2, where it can be seen that the X1 and X2 interruption length values are always two slots or more. Consequently, whenever the UE performs SRS carrier switching, the gNB should schedule the PUSCH or PUCCH such that there is at least a 2 slot gap, in order to allow for enough time for the UE to be able to transmit after carrier switching. 
An event in 38.214 section 6.1.7 that causes power consistency and phase continuity not to be maintained is where:
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. 

Therefore, whenever carrier switching occurs during a DMRS bundling time domain window, the gNB will not schedule the UE for at least two slots, forming an event according to the current specifications. 
[bookmark: _Hlk111215186]Observation 1:
· SRS carrier switching will create an event that violates phase continuity according to the current version of 38.214
· SRS carrier switching causes a gap that is more than one slot long
Proposal 1:
· Inform RAN4 that SRS carrier switching can be supported for DMRS bundling without additional RAN1 specification impact 
· SRS carrier switching causes a gap violating phase continuity, but phase continuity can be otherwise maintained
FR1 inter-band UL CA
We embed our comments after each of the RAN4 conditions and the question for FR1 inter-band UL CA below:

· 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.
We understand that this single transmission constraint may be driven by reductions in maximum configured output power for FR1 inter-band (in 38.101-1 section 6.2A.4.1.3 [2]). Since UEs may tend to transmit near their maximum power on a carrier using DMRS bundling, if a UE transmits on a second UL carrier, it may need to scale down the power on the carrier with bundling to avoid exceeding its total configured maximum output power, and so could lose phase continuity. Limiting transmissions to one carrier would avoid the problem for such scenarios, but at the cost of precluding the higher throughput of carrier aggregation. Therefore, it may not be desirable to restrict RAN1 behavioral specifications for bundling to single carrier transmission. 
Indeed, there is no constraint on behavior defined for DMRS bundling where UL transmissions on multiple carriers can overlap in the current RAN1 specifications. Adding new behavior, such as a new DMRS bundling event for where transmissions overlap on different carriers is not within the scope of Rel-17 RAN1 maintenance in our view. However, we 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. Whether all UEs must have single UL transmission at all times to maintain phase continuity would not be clear, since performance requirements generally cover only a subset of the operation of a feature.  Therefore, operation where phase continuity requirements only apply when the UE is not scheduled with overlapping UL transmissions could be supported in Rel-17, but whether or not phase continuity is broken would not be specified.
Given that it is not clear whether all UEs must have single UL transmission at all times, the network would not know how many UL carriers it can schedule a UE in DMRS bundling operation.  Therefore, this should be clarified in UE capabilities.  In our view, it is not desirable to add more UE capabilities to DMRS bundling at this stage ,and think the basic UE capability 30-4 should be amended if RAN4 identifies that Rel-17 UEs require single UL scheduling.  
· Only configuration of a single TAG is supported.
RAN1 specifications do not limit the number of TAGs supported by DMRS bundling. Since multiple TAGs support where cells are not collocated, one cell could be larger than another, and then DMRS bundling could be desirable for that cell to provide coverage. This difference in cell size is inherent to the FR1-FR2 use cases already agreed in RAN4. Therefore, there do seem to be use cases of interest that benefit from multiple TAG support for 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 [2]). This could also cause phase continuity to be lost, depending on a number of factors. Whether such reductions would be common and large enough to merit precluding UE capabilities for multiple TAGs should be discussed in RAN4. Therefore, RAN1 should ask RAN4 to consider if the Rel-17 UE capability for DMRS bundling should reflect that the UE supports only one TAG for FR1 UL inter-band CA with DMRS bundling operation.
· 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.
As commented above, there is no constraint on behavior defined in RAN1 for DMRS bundling and UL transmissions on multiple carriers.  However, as with SRS carrier switching, switching among carriers, e.g. using UL Tx switching, may introduce a gap in transmissions on a carrier.  A DMRS bundling event is defined for where there is a gap of less than 13 symbols (according to UE capability), and so even short gaps from carrier switching are supported by current RAN1 specifications.  
There is some overlap of gap handling between the RAN1 and RAN4 specifications with respect to gaps and switching. For the case where a switching time or switching period happens at the beginning or end of a DMRS bundling window, phase continuity should not be expected during the switching time/period.  RAN4 specifications address switching times, transients, on/off power requirements, and so should reflect when phase continuity is maintained for these cases.  Therefore, there should be no direct RAN1 impact from carrier switching for switching times/periods. Should the switching happen within a DMRS bunding window excluding the beginning and end, the current RAN1 specs can support some cases where carrier switching is used that are consistent with the bullet above. 
· Can only one band can be configured with DMRS bundling at a time?
DMRS bundling is configured within PUSCH-Config and PUCCH-Config, which are IEs within the configuration of each bandwidth part. 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.
We understand the question may refer to any coupling of behavior among the aggregated carriers. Again, the RAN1 specifications do not establish inter-carrier relationships from DMRS bundling in Rel-17. For example, if an event causes loss of phase continuity on one carrier, there is no direct relationship to the phase continuity on another carrier. There can be indirect relationships, such as the SRS carrier switching example where a gap is caused by switching among carriers, but events are expressed on a per carrier basis and depend only on conditions within each carrier.
SUL
We embed our comments after the RAN4 question and condition for SUL below:

· Can only one band can be configured with DMRS bundling at a time?
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.
· 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.
Similar to UL CA, there is no constraint on behavior defined in RAN1 for DMRS bundling and UL transmissions on multiple SUL carriers. However, as discussed above for SRS carrier switching, if there is a large enough gap in transmission on a carrier caused by switching, phase continuity is not maintained according to current specifications. Therefore, the current RAN1 specs may support some cases where switching between SUL and NUL carriers is used consistent with the bullet above, but not necessarily all cases. 

Summary and reply to RAN4 for multi-carrier aspects
We summarize our observations for SRS carrier switching, FR1 inter-band UL CA, and SUL as follows:

Observations 2-3:
· Rel-17 RAN1 specifications for DMRS bundling do not identify any behavior specific to carrier aggregation or switching among carriers
· It is possible to constrain conditions where RAN4 performance requirements are met to a subset of operation supported by Rel-17 RAN1 specifications
· However, it may not be possible to identify if and when phase continuity is maintained outside of constraints on scheduling for DMRS bundling in phase continuity performance requirements, when those constraints are needed by UEs to maintain phase continuity
· In such cases, defining UE capabilities corresponding to the constraints can clarify when phase continuity should be maintained.
· Constraining RAN4 performance requirements to support where only one UL carrier is transmitted at a time is consistent with some expected DMRS bundling use cases where a UE transmits near full power
· Constraining RAN4 performance requirements to support where only one TAG is supported for DMRS bundling can limit use cases with different cell sizes that are relevant to DMRS bundling.
· Switching among UL carriers can create events, and if RAN4 can handle switching times and switching periods, there appears to be no need to preclude switching in RAN4 requirements
· Switching a UL transmission among UL carriers can also create an event
· Events for gaps less than 13 symbols long can be supported according to UE capability
· RAN4 phase continuity requirements should reflect that phase continuity is not expected during switching times and periods
· Then there is no need to preclude carrier switching in RAN4 specifications
We therefore propose:

Proposals 2-3:
· Inform RAN4 that FR1 inter-band UL CA and SUL can be supported for DMRS bundling without additional RAN1 specification impact, but note that constraints in performance requirements may introduce some ambiguity
· If constraints on performance requirements for phase continuity are needed for Rel-17 UEs to support DMRS bundling, whether or not phase continuity is maintained outside of these constraints will not be known unless this is clear in UE capability.
· Ask RAN4 to decide whether Rel-17 DMRS bundling UE capability 30-4 should reflect that 
· The UE only supports scheduling on uplink carrier at a time with DMRS bundling
· The UE only supports one TAG for FR1 UL inter-band CA or SUL with DMRS bundling operation, and/or 

Power control and P-MPR aspects
In item 3) of [1], RAN4 ask if RAN1 specs limit the UE modifying its Tx power during DMRS bundling. RAN4 point out that 38.214 v17.1.0 section 6.1.7 states “The UE shall maintain power consistency and phase continuity within an actual TDW…”, and then say:
“RAN4 would therefore appreciate feedback from RAN1 on whether the text in TS 38.214 section 6.1.7 prevents the UE from modifying its Tx power when necessary, i.e. prevents the UE from following TS 38.213 clause 7.1.1 and 7.2.1, or prevents the UE from adapting P-MPR, during transmission of a DMRS bundle. We ask this because further alignment of understanding between RAN1 and RAN4 may be needed.”
[bookmark: _Hlk111215768]In our understanding, RAN1 specifications describe ideal behavior and RAN4 performance requirements address how much deviation from ideal behavior is allowed. RAN4 performance requirements for phase continuity for DMRS bundling, e.g. in 38.101-1 section 6.4.2.5 state that “There is no change in UE transmission power level, and no change in the level of P-MPR applied by the UE.” RAN4 only have a phase continuity test because it was shown during studies of what needed to be tested that power consistency had a small impact on DMRS bundling performance. Therefore, because there is no test for power consistency, it is expected that limited amounts of power inconsistency should be allowed by the UE as long as they do not degrade DMRS bundling performance. So the interpretation of “no change in UE transmission power level” in our view is that the network is not allowed to indicate a change in UE Tx power level while expecting phase continuity from the UE, and that the UE is only allowed to adjust power by a small amount that would not impact performance.
Regarding “The UE shall maintain power consistency and phase continuity within an actual TDW…” in 38.214, we further observe that this does not say ‘The UE shall not change transmit power”, but instead uses the notion of “power consistency”. Our understanding is that changes in Tx power that do not impact bundling performance would not violate power consistency. Therefore, the RAN1 specs on their own do not strictly enforce a fixed power over an actual TDW, but rather allow for some tolerance for power changes such that phase continuity can be maintained.
We can see the potential for confusion with respect to the “no change in transmission power level” requirement in 38.101 vs. the PUSCH and PUCCH open loop power control in 38.213 sections 7.1.1 and 7.2.1. The UE can update open loop power control in any PUSCH or PUCCH transmission occasion according to its pathloss estimation implementation. However, pathloss should not change drastically within the at most 32ms that a bundling window can span, and the UE should be able to make incremental slot by slot changes to power in transmission occasions power over the bundling window without unduly affecting bundling performance. If instead a UE were to change Tx power dramatically, but still meet the phase continuity requirements, it seems unlikely that this would degrade DMRS bundling performance, since gNB could if needed compensate for the power differences while still combining the channel estimates coherently across the transmission occasions with different power.
Observations 3-4:
· The RAN1 requirement for power consistency over an actual TDW does not strictly enforce a fixed power over the TDW.
· The RAN4 requirement “no change in UE transmission power level” is not strict, since there is no RAN4 requirement for power consistency
· RAN4 found that phase continuity requirements were sufficient, since DMRS bundling was not sensitive to power error.
The behavior for P-MPR seems similar to open loop power control. P-MPR should also change slowly, and so the UE could still make small power changes that allow phase continuity to be maintained. If a UE makes a large change to Tx power due to P-MPR, but can still maintain phase continuity, then it should pass the RAN4 test.
Observation 5:
· P-MPR and open loop power control are not expected to impact DMRS bundling performance
· Both should have limited power change over an actual TDW
· UEs that pass phase continuity with large power change should not substantially affect DMRS bundling reception performance
Proposal 4:
· Inform RAN4 regarding power control and P-MPR that
· RAN1 specs only enforce power consistency, such that small enough changes in Tx power that do not preclude phase continuity are allowed.
· RAN1 foresee no impact from power consistency constraints on open loop power control nor P-MPR 

Summary
We summarize our observations and make the proposals in response to RAN4’s LS [1] as follows.  A draft LS is provided in [3] capturing these proposals.
Regarding item 2) on CA/DC/SUL support:
Observations:
1. Switching among UL carriers can create events, and if RAN4 can handle switching times and switching periods, there appears to be no need to preclude switching in RAN4 requirements
· SRS carrier switching will create an event that violates phase continuity according to the current version of 38.214
· SRS carrier switching causes a gap that is more than one slot long
· Switching a UL transmission among UL carriers can also create an event
· Events for gaps less than 13 symbols long can be supported according to UE capability
· RAN4 phase continuity requirements should reflect that phase continuity is not expected during switching times and periods
· Then there is no need to preclude carrier switching in RAN4 specifications
2. Rel-17 RAN1 specifications for DMRS bundling do not identify any behavior specific to carrier aggregation or switching among carriers
· It is possible to constrain conditions where performance requirements are met to a subset of operation supported by Rel-17 RAN1 specifications
· However, it may not be possible to identify if and when phase continuity is maintained outside of constraints on scheduling for DMRS bundling in phase continuity performance requirements, when those constraints are needed by UEs to maintain phase continuity
· In such cases, defining UE capabilities corresponding to the constraints can clarify when phase continuity should be maintained.
· Constraining RAN4 performance requirements to support where only one UL carrier is transmitted at a time is consistent with some expected DMRS bundling use cases where a UE transmits near full power
· Constraining RAN4 performance requirements to support where only one TAG is supported for DMRS bundling can limit use cases with different cell sizes that are relevant to DMRS bundling.
Proposals:
1. [bookmark: _Hlk111216834]Inform RAN4 that SRS carrier switching can be supported for DMRS bundling without additional RAN1 specification impact 
a. SRS carrier switching causes a gap violating phase continuity, but phase continuity can be otherwise maintained
2. Inform RAN4 that FR1 inter-band UL CA and SUL can be supported for DMRS bundling without additional RAN1 specification impact, but note that constraints in performance requirements may introduce some ambiguity
a. If constraints on performance requirements for phase continuity are needed for Rel-17 UEs to support DMRS bundling, whether or not phase continuity is maintained outside of these constraints will not be known unless this is clear in UE capability.
3. Ask RAN4 to decide whether Rel-17 UE capability 30-4 should reflect that 
a. The UE only supports scheduling on uplink carrier at a time with DMRS bundling
b. The UE only supports one TAG for FR1 UL inter-band CA or SUL with DMRS bundling operation 

On item 3) on UE UL Tx power adaptation:
Observations:
3. The RAN1 requirement for power consistency over an actual TDW does not strictly enforce a fixed power over the TDW.
4. The RAN4 requirement “no change in UE transmission power level” is not strict, since there is no RAN4 requirement for power consistency
a. RAN4 found that phase continuity requirements were sufficient, since DMRS bundling was not sensitive to power error.
5. P-MPR and open loop power control are not expected to impact DMRS bundling performance
a. Both should have limited power change over an actual TDW
b. UEs that pass phase continuity with large power change should not substantially affect DMRS bundling reception performance
Proposal:
4. Inform RAN4 regarding power control and P-MPR that
a. RAN1 specs only enforce power consistency, such that small enough changes in Tx power that do not preclude phase continuity are allowed.
b. RAN1 foresee no impact from power consistency constraints on open loop power control nor P-MPR 
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