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1. [bookmark: OLE_LINK5][bookmark: OLE_LINK8][bookmark: _Ref68251440]Introduction
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. 
RAN4 sent a reply LS on DMRS bundling in R1-2205715. 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. Meantime, RAN4 discussed whether applying DMRS bundle to FR1 inter-band UL CA/SUL would have any RAN1 spec impacts, and would appreciate RAN1 feedback before making further decision.
RAN1 has performed the extensive discussion in RAN1#110 on the issues raised in RAN4 LS. This is for summary and discussion of the issues.
2. Summary of contributions in RAN1#110bis-e
· Supported with Conditions: 
· Huawei: 
· For DL CA with “additional” UL carrier configured with SRS only: SRS transmission in one carrier is not expected to occur during the DMRS bundling duration on the other carrier 
· For FR1 inter-band UL case: Not supported.
· For SUL: supported without any additional restriction.
· FG: the UE feature of FG 30-4a/4b/4c/4d should be reported per-band
· 	
· China Telecom/Lenovo: all cases supported and covered by the existing events:
· 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].
· Intel: All cases supported if there is no concurrent uplink transmission
· ZTE: all cases supported and covered by the existing events as below:
· 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.
· Additionally, 
· DL CA with ‘additional’ UL carrier configured with SRS only
· SUL:
· UE does not expect concurrent uplink transmissions on two carriers in case of SRS on an SUL/non-SUL carrier and PUSCH/PUCCH/SRS on the other UL carrier in the same cell
· FR1+FR1 inter-band CA involving two or more FR1 bands:
· UE does not expect concurrent uplink transmissions on two carriers
· Only configuration of a single TAG is supported.
· For FG 30-4h (non-back-to-back case): UE is configured with single uplink carrier
· MediaTek:
· [bookmark: _Hlk116314118]For DL CA with “additional” UL carrier configured with SRS only:
· The conditions listed by RAN4 can be confirmed. Additionally,
· The carrier switching should fall into the gap of the carrier with the DMRS bundling based on the existing event as below: 
· “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”.
· For FR1 inter-band UL case:
· The conditions listed by RAN4 can be confirmed. Additionally, 
· If two bands can be configured with DMRS bundling at a time, the interlaced UL transmissions between carriers are not expected by UE
· The carrier switching should fall into the gap of the carrier with the DMRS bundling based on the existing event as below: 
· “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”.
· For SUL case, the conditions listed by RAN4 can be confirmed. 
· Apple:
· For DL CA with “additional” UL carrier configured with SRS only: Not supported and covered by the existing events which only apply for the single carrier case.
· For FR1 inter-band UL case: 
· Only one band can be configured with DMRS bundling
· No concurrent UL transmissions on two carriers
· For SUL: Supported and covered by the existing spec without switching back and forth issue.
· According to current specification, new PUSCH transmission is only allowed after the previous PUSCH transmission is finished.
· Samsung: all cases can be supported as long as if only one band can be configured with DMRS bundling.
· NTT DOCOMO: Clarify whether the current specification treats another uplink transmissions in other carriers as an event in one carrier.
· QC: supported with the following conditions:
· SUL 
· FR1+FR1 Inter-band CA/DC involving two or more FR1 bands where UE does not expect concurrent uplink transmissions on any two carriers
· All carriers must belong to a single TAG”
· UE capability FGs 30-4a, 4b, 4c, and 4d are signaled at per band and per band combination granularity
· Ericsson: 
· All cases can be supported and covered by the existing events: 
· “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.”
· Ask RAN4 to decide: 
· The UE only supports scheduling one 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 

Observations:
· According RAN guidance and contributions, there will be no RAN1 spec impact.
· The most controversial issue is whether the existing events as below can be applied for the multi-carrier cases.
· 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].
· Majority view:
· No concurrent UL transmission is expected by UE
· Only one band is configured with DMRS bundling
· Only configuration of a single TAG
3. Discussion (1st round)
3.1 Issue #1: Applicability of the existing events for the multi-carrier cases
Considering the different views on the interpretation of the current RAN1 specification, it’s better to clarify the understanding on the applicability of the existing events for multi-carrier cases. Strictly speaking, the current events are defined for the single carrier case. However, it may be possible to apply Event 1 to handle the multi-carrier cases implicitly as long as the carrier switching can fall into the gap of the carrier with DMRS bundling. That is, UE will treat it as the gap of the carrier with the DMRS bundling so that carrier switching is transparent for DMRS bundling operation. Besides, RAN guidance has limited the discussion on the cases listed by RAN4 and requires no RAN1 spec changes. Thus, the following questions are raised for comments:
Can the following (one or multiple) events cover the multi-carrier cases without RAN1 spec changes?
· Event 1: 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.
· Event 2: 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.
· Event 3: 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].
· Event 4: 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].
Any comment? 
	Nokia France
# 1
Yes, these events are sufficient, provided that suitable descriptions are used for capabilities 30-4a/b/c/d, to capture that UE supporting DMRS bundling only supports it on transmissions with a single UL carrier, even when UE is configured with UL CA. It could in fact be stated that no event needs to be listed in this case, given the "no concurrent UL transmission" restriction/condition.

ZTE Corporation.
# 2
After reviewing the contributions, we noticed one main argument regarding the existing events may not cover some multi-carrier cases is that, power sharing among concurrent transmissions for inter-band CA would break phase continuity and require to define new events. Firstly, we’d like to highlight that, this issue not only happens for inter-band CA but also for SUL. As cited the spec texts from TS 38.321 and TS38.213 below, concurrent transmissions and power sharing could also happen for SUL case.

simultaneousTxSUL-NonSUL
Indicates whether the UE supports simultaneous transmission of SRS on an SUL/non-SUL carrier and PUSCH/PUCCH/SRS on the other UL carrier in the same cell. The UE supports simultaneous transmission on an SUL band X and a Non-SUL band Y if it sets this capability parameter for both band X and band Y.

In case of same priority order and for operation with carrier aggregation, the UE prioritizes power allocation for transmissions on the primary cell of the MCG or the SCG over transmissions on a secondary cell. In case of same priority order and for operation with two UL carriers, the UE prioritizes power allocation for transmissions on the carrier where the UE is configured to transmit PUCCH. If PUCCH is not configured for any of the two UL carriers, the UE prioritizes power allocation for transmissions on the non-supplementary UL carrier.

With above, one general comment is that we should apply similar decision for cases with similar situation.
 
Back to moderator’s question, our understanding is these events doesn’t preclude the multi-carrier cases, even for concurrent transmissions. In other words, the current events could also fit in multi-carrier cases, though one may argue our original intention is for single carrier case. Considering the typical cases in coverage limited scenarios, we are also ok to follow the majority to restrict DMRS bundling for multi-carrier operation to non-concurrent transmission only.

HUAWEI TECHNOLOGIES Co. Ltd.
# 3
For UL-CA, it is good to align companies' views on the first two events.
Regarding the event#1 and #2, they are not applicable to multiple uplink cells for the following reasons,
1) The PUSCH and the PUCCH transmissions in the concerned texts must belong to the same serving cell unless specially stated, which is a legacy how RAN1 spec is structured.
2) It is very obvious that the concerned events were introduced based on RAN1 agreements with single cell assumption only.
3) If the two events were applicable to multiple uplink cells, then it would be also applicable to FR1+FR2 UL CA, which definitely needs no events at all.
4) For any UE capable of UL-CA, after UL power determination, it must be capable to maintain phase contiguity during one PUSCH transmission occasion on every uplink carrier irrespective of whether concurrent transmission or not on any other uplink carrier. With this basic capability for UL-CA, the two events are definitely not needed for a case where no UL power sharing among uplink carriers is performed, including FR1+FR1 UL-CA without concurrent transmission scheduled. It is very unclear why the two events are needed.

Regarding the UE capability simultaneousTxSUL-NonSUL, it is only an optional UE capability and only specific to SRS transmission. There is no concurrent PUSCH transmissions like UL-CA. For a UE incapable of the SRS concurrent transmission, there is no concurrent transmission and thus no identified issue. Therefore, we don't feel SUL has to be linked to UL-CA. But we are OK to categorize only the UE capability above into UL-CA for discussions here.

Regarding the event#3 and event#4, it is not clear for us why they are relevant to the discussion here. But, if helpful, at least for event#4, the following spec excerpt cannot be interpreted as that the SS/PBCH block and the PUCCH are not in the same serving cell.

S9.2.6 for PUCCH repetition
"
For unpaired spectrum, the UE determines the  slots for a PUCCH transmission starting from a slot indicated to the UE as described in Clause 9.2.3 and having
-    an UL symbol, as described in Clause 11.1, or flexible symbol that is not SS/PBCH block symbol provided by startingSymbolIndex in PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4 as a first symbol, and
-    consecutive UL symbols, as described in Clause 11.1, or flexible symbols that are not SS/PBCH block symbols, starting from the first symbol, equal to or larger than a number of symbols provided by nrofsymbols in PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4
"
Intel Deutschland GmbH
# 4
Although when DMRS bundling feature for coverage enhancement was initially discussed, it was mainly targeted for single carrier case, we think the current list of events can be straightforwardly extended to support multiple carriers case without RAN1 specification impact, given the assumption that there is no concurrent uplink transmission even for multi-carrier case.
For event 3 and 4, our understanding is that the dropping and cancellation can apply for the case when multi-slot PUCCH repetitions overlaps with single-slot/multi-slot PUCCH in case of UL CA.

Qualcomm Incorporated
# 5
We are okay to interpret the current spec as being written with a single carrier in mind. Rather than extending the interpretation to multi-carrier scenarios, we think is is enough to define restrictions on multi-carrier usage so that the current spec suffices.

Event2 is probably the most tricky event to handle. What happens in a different carrier is likely to influence phase continuity. FR1+FR1 needs to be handled differently from FR1+FR2 We think its best to sidestep this issue by only focusing on the cases with back-to-back transmissions. 

Events 3 & 4 are about when a particular PUSCH/PUCCH is dropped/cancelled. It suffices to focus on the carrier where this dropping or cancellation occurred. The underlying reasons for cancellation/dropping may not be relevant.


NTT DOCOMO INC.
# 6
With companies' comment, we see the current spec can be read as the above events are applied only within a single carrier. Also the event should treated within a single carrier, considering the FR1+FR2 scenarios. 
NTT DOCOMO INC.
# 7
With companies' comment, we see the current spec can be read as the above events are applied only within a single carrier. Also the event should treated within a single carrier, considering the FR1+FR2 scenarios. 
VIVO TECH GmbH
# 8
If no concurrent transmissions are allowed during the configured TDW, agree that event 1 and event 2 can be extended to cover all cases mentioned in the LS. But will this "no concurrent transmissions" assumption in these cases be captured in RAN1 spec.?
For the FR1 interband UL case and SUL case, at least from the switching gap definition perspective, they're similar and follow the same switching period definition in RAN4 (e.g. Table 8.2.2.2.10-1 in 38.133) as we discussed in last RAN1 meeting.
It is not clear to us why event 3 and event 4 are necessily to be considered here as well. The dropping of one of the repetitions expected to be received with DMRS bundling would be treated as an event to restart a new TDW for remaining repetitions in the same carrier, which seems has nothing to do with the cases considered here.
Apple Computer Trading Co. Ltd
# 9
For the provided four events, different event could be applied to different use case, i.e., SUL, SRS carrier switching, UL CA.  And the following FL questions are asking the detailed event to be applied for each use case. It’s hard to say all the four events are applied to multi-carrier case in general or the four events are enough for multi-carrier. Such as the SRS switching to another carrier colliding with UL transmission with DMRS bundling, it seems there is no priority rule is defined across the carriers.


Panasonic Corporation
# 10
We share the same view with other companies that these events can be said to be sufficient if "no concurrent UL transmission" description is captured in UE feature or RAN4 spec. As there is no concurrent UL transmission among PUSCH, PUCCH, and/or SRS, Event 2 in current specs, it is also defined within the single carrier case. According RAN guidance, it requires no RAN1 specs changes for the multi-carrier case.

China Telecommunications
# 11
We think concurrent transmission on multiple carriers and switching back and forth between two carriers can be avoided by gNB scheduling or covered by the existing events in the current specification. No additional RAN1 specification impact is needed to support DMRS bundling on multiple carriers.
Samsung Research America
# 12
Similar to other companies’ comments, with the limitation that there are no concurrent transmissions on the two carriers when the UE is configured to operate with multiple UL carriers, the events already specified for single carrier can also apply to the multiple UL carrier case. Also, with the limitation of no concurrent transmissions, there won’t be any issue related to transmit power.

Ericsson LM
# 13
In general, the default is that the RAN1 specs are written from the single cell perspective, and are assumed to be applicable in the multi-cell case, unless stated otherwise.  Whether the UE supports CA and DMRS bundling is up to UE capability. Therefore, we think the events in 38.214 (including events 1-4) apply to multi carrier operation, but can be constrained by UE CA capability with DMRS bundling. 
CATT
# 14
Agree with companies above that DMRS bundling can be extended to multi-carrier cases, by either proper scheduling or additional information from RAN4 spec. Additional RAN1 specification impact is not necessary.




3.2 Issue #2: DL CA with “additional” UL carrier configured with SRS only 
RAN4 discussed whether applying DMRS bundle to DL CA with “additional” UL carrier configured with SRS only would have any RAN1 spec impacts, and would appreciate RAN1 feedback before making further decision:
	[bookmark: _Hlk116319904]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.



There options are provided as below for down-selection. The key difference between Option 1 and Option 2 is whether “Other uplink transmissions” can be for the any carrier or only the same carrier as for PUSCH transmission with DMRS bundling. This is related to the discussion of Issue #1 on how to interpretate the existing events.
Down-select one of the following options for conclusion:
Option 1: For DL CA with “additional” UL carrier configured with SRS only (i.e. no PUCCH/PUSCH configured) with the conditions listed in RAN4, DMRS bundling can be supported with the additional conditions as below:
· Concurrent UL transmissions on multiple carriers are not expected by UE.
· Only configuration of a single TAG is supported
· Carrier switching can only occur in the gap of the carrier with DMRS bundling, implicitly covered by the existing event as below: 
· The gap between any two consecutive PUSCCH transmissions, exceeds 13 symbols for normal cyclic prefix or exceeds 11 symbols for extended cyclic prefix
Option 2: For DL CA with “additional” UL carrier configured with SRS only (i.e. no PUCCH/PUSCH configured) with the conditions listed in RAN4, DMRS bundling can be supported with the additional conditions as below:
· Concurrent UL transmissions on multiple carriers are not expected by UE.
· Only configuration of a single TAG is supported
· Carrier switching can only occur in the gap of the carrier with DMRS bundling, covered by the existing events as below.
· The gap between any two consecutive PUSCCH 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.
Option 3: For DL CA with “additional” UL carrier configured with SRS only (i.e. no PUCCH/PUSCH configured) with the conditions listed in RAN4, DMRS bundling can not be supported without RAN1 spec changes.
Any preference and comment on the options?
	Feedback Form 2
Nokia France
# 1
Neither of the above Options.
Option 1 could be correct if the event included therein was one of the events listed in TS 38.214. This is not the case since the "PUSCH part" of the event is missing.
The correct answer is thus a variant of Option 1, where the only necessary event is:

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.
ZTE Corporation.
# 2
We think Option 1/2 without the last sub-bullet is sufficient, considering the following condition has been already listed in RAN4 LS.
 
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.

HUAWEI TECHNOLOGIES Co. Ltd.
# 3
As commented before, we don't feel the events in Option 1/2 are applicable to multiple cells. So Option 1 and 2 are not OK.
We prefer to make consensus on the events first, i.e. the issue#1 before a conclusion on this issue#2.
HUAWEI TECHNOLOGIES Co. Ltd.
# 4
As commented before, we don't feel the events in Option 1/2 are applicable to multiple cells. So Option 1 and 2 are not OK.
We prefer to make consensus on the events first, i.e. the issue#1 before a conclusion on this issue#2.
Intel Deutschland GmbH
# 5
Our preference is Option 2. As Nokia mentioned, PUSCH is missing from the first event. Our view is that both events can be used to cover the SRS carrier switching case.
In addition, for the following condition,
·        Concurrent UL transmissions on multiple carriers are not expected by UE
For this one, we assume that it is when DMRS bundling is enabled/triggered, and there is no current UL transmissions on multiple carriers. Suggest to add this in the first condition

Qualcomm Incorporated
# 6
We will need a common understanding on whether transmissions in a diff carrier constitute an event or not. If we interpret the current spec language to be written with a single carrier in mind, then we will need a spec change to cover this case. Focusing on back-to-back cases seems to sidestep these issues. 
NTT DOCOMO INC.
# 7
As commented by Nokia, Option1 misses PUSCH part. Our preference is fixed Option1, because the second sub-bullet of carrier switching in Option2 is redundant.
NTT DOCOMO INC.
# 8
As commented by Nokia, Option1 misses PUSCH part. Our preference is fixed Option1, because the second sub-bullet of carrier switching in Option2 is redundant.
CATT
# 9
We have the same understanding as ZTE. In fact 'carrier switching back and forth between UL carrier and SRS carrier' defined in RAN4 is actually the event.
VIVO TECH GmbH
# 10
Event 1 mentioned in issue #1 would be triggered if SRS carrier switching happens according to swiching gap definition in table Table 8.2.2.2.9-1 and Table 8.2.2.2.9-2 in 38.133, which means no additional RAN1 spec. impact is needed for supporting DMRS bundling in this case.

Event 1: 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.

Apple Computer Trading Co. Ltd
# 11
Our understanding is these two events are only applied to UE with capability of FG30-4h, i.e., supporting non-back-to-back transmission. The gap is intended configured or scheduled to avoid the data transmission punctured or dropped.  SRS switching leads to the UL transmission interruption, the consequence is UL transmission is dropped or postponed, so it’s not the gap. For UE with FG30-4a/4b/4c/4d, UE supports DMRS bundling over consecutive symbols, there is no gap during the transmission. If the interruption caused by SRS carrier switching is considered as gap, then UE behavior is not clear, i.e., the UL transmission is dropped or postponed during the interruption time.
As mentioned RAN4 LS, carrier switching back and forth, the phase continuity is not maintained by the UE. Clearly, it’s an event. But it’s hard to categorized into above two events.

Panasonic Corporation
# 12
We have the sympathy with ZTE as the condition was agreed in RAN4.

China Telecommunications
# 13
Agree with ZTE, for option 1/2, the last sub-bullet is not needed.
Samsung Research America
# 14
If there is a transmission gap (which is an event according to the already specified events, i.e., the gap between two consecutive PUSCH or PUCCH transmission is larger than 13 symbols) and the carrier switch happens during the gap, then the current specifications support the case of DL CA with additional UL carrier configured with SRS only (i.e. no PUCCH/PUSCH configured) and DM-RS bundling supported on the carrier with PUSCH or PUCCH transmission.
Ericsson LM
# 15
We also support option 1 without the last bullet where it is corrected for ‘PUSCH’.  In at least the case that SRS switching is among one PUSCH and one PUSCH-less carrier, then the event with a >13 symbol gap for PUSCH in 38.214 is sufficient, and we don’t see why carrier switching can only occur within the gap of the carrier configured with DMRS bundling.




3.3 Issue #3: FR1 inter-band UL CA
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 FR1 inter-band UL CA with DMRS bundling with following conditions:
· [bookmark: _Hlk111542075]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.
· [bookmark: _Hlk111549961]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?



Based on summary, if only one band is configured for DMRS bundling, it can preclude the interlaced transmissions between two carriers which may only cause more discussions and concerns but with less use cases and values. So if one band can be configured for DMRS bundling, it is easy to reach the consensus. So the key difference between Option 1 and Option 2 is whether to support one or multiple bands configured with DMRS bundling. Moreover, different than SRS carrier switching case, the gap with less than 13 symbols is not considered here. So if the carrier switching can fall into the gap of the carrier with DMRS bundling, it could be covered by the existing event which is also up to discussion for Issue #1.
Down-select one of the following options for conclusion:
Option 1: For FR1 inter-band UL CA with the conditions listed in RAN4, DMRS bundling can be supported with the additional conditions as below:
· Concurrent UL transmissions on multiple carriers are not expected by UE.
· Only configuration of a single TAG is supported
· Carrier switching can only occur in the gap of the carrier with DMRS bundling, implicitly covered by the existing event, i.e., 
· The gap between any two consecutive PUSCCH transmissions, exceeds 13 symbols for normal cyclic prefix or exceeds 11 symbols for extended cyclic prefix
· Only one band can be configured with DMRS bundling at a time
Option 2: For FR1 inter-band UL CA with the conditions listed in RAN4, DMRS bundling can be supported with the additional conditions as below:
· Concurrent UL transmissions on multiple carriers are not expected by UE.
· Only configuration of a single TAG is supported
· Carrier switching can only occur in the gap of the carrier with DMRS bundling, implicitly covered by the existing event, i.e., 
· The gap between any two consecutive PUSCCH transmissions, exceeds 13 symbols for normal cyclic prefix or exceeds 11 symbols for extended cyclic prefix
· More than one bands can be configured with DMRS bundling at a time
Option 3: For FR1 inter-band UL CA with the conditions listed in RAN4, DMRS bundling can not be supported without RAN1 spec changes.
Any preference and comment on the options? 
	Feedback Form 3
Nokia France
# 1
Again, neither of the above Option is correct.

Option 2 would be correct if the following sentence was removed:

"Carrier switching can only occur in the gap of the carrier with DMRS bundling, implicitly covered by
the existing event, i.e.,
● The gap between any two consecutive PUCCH transmissions, exceeds"

Indeed, this does not add any information and create confusion. After all, the same Option 2 states that "Concurrent UL transmissions on multiple carriers are not expected by UE", hence the UE would never be configured for concurrent UL transmissions with DMRS bundling, hence there is no need of "events" to handle the time domain window framework for DMRS bundling.

To make this even clearer, we would suggest adding a sentence which captures the fact that the "NO concurrent UL transmissions" restriction/condition is added to UE capabilities 30-4a/b/c/d.

Having said all the above, we would like to understand what would the problem be for the UE to be configured for DMRS bundling over more than band, if the "no concurrent UL transmissions" is guaranteed. Technically, the UE would never need to worry about concurrent UL transmissions, since they would not be configured by NW, hence it does not matter if more than one carrier is configured for DMRS bundling. However, this would result in much simpler and more flexible DMRS bundling configuration in case of UL CA.

ZTE Corporation.
# 2
Option 2 with removing the second and third sub-bullet, considering the following two conditions have been already listed in RAN4 LS.
 
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.

HUAWEI TECHNOLOGIES Co. Ltd.
# 3
As commented in issue#1 before, we don't feel the events in Option 1/2 are applicable to multiple cells. So Option 1 and 2 are not technically correct.
We prefer to make consensus on the events first, i.e. the issue#1 before a conclusion on this issue.

Intel Deutschland GmbH
# 4
We are fine with Option 2. We do not see the need the restriction that "Only one band can be configured with DMRS bundling at a time". As long as there is no concurrent uplink transmission when DMRS bundling is enabled/triggered, we do not see issues to support “More than one bands can be configured with DMRS bundling at a time”

Qualcomm Incorporated
# 5
Option 2 seems okay. But to sidestep the issue on transmissions in other carriers, we will need to further restrict Option 2 to back-to-back cases.
NTT DOCOMO INC.
# 6
We prefer Option2. It is unnecessary to confine the number of bands configured with DMRS bundling, if it works without the restriction.
CATT
# 7
Agree with ZTE.
VIVO TECH GmbH
# 8
This case is different from DL CA with SRS switching case since the switching time could be less that 13/11 symbols according to 38.133.
Event 2 would be needed with some clarification that event 2 also supports CA case or no concurrent UL transmissions are expected within the configured TDW. Anyway all these seem to require addition spec. changes in RAN1.
Apple Computer Trading Co. Ltd
# 9
We are not clear the wording of carrier switching occur in the gap of the carrier with DMRS bundling. We understand the intention of fist bullet “concurrent UL transmission on multiple carriers are not expected by UE” is only TDM scheduling is allowed. Thus, the carrier switching can be in any place as long as there is no overlapped transmission. 
In addition, as discussed in question 2, the gap need to be clarified. For TDD, the DL subframe event could introduce the gap due to the UL/DL configuration. But for FDD, there is no gap larger than 13 symbols. 
For only one band or two bands can be configured with DMRS bundling at a time. We fail to see the real use cases and benefits to configure two carriers with DMRS bundling. It only introduce additional UE implementation complexity if DMRS bundling is configured in two bands.


Panasonic Corporation
# 10
Although Option 2 can be overall description, to be covered by RAN4 could be sufficient as said by ZTE.

China Telecommunications
# 11
Agree with ZTE.
Samsung Research America
# 12
As long as there are no concurrent transmissions on the two UL carriers and the carrier switching happens in a transmission gap (which is an event according to the current specifications), whether DM-RS is configured in either or both carriers can be fine. So with such limitations, DM-RS can be configured on both UL carriers.
Ericsson LM
# 13
Agree with ZTE, and with Nokia’s comment that a constraint for ‘no concurrent transmission’ should be added to 30-4a/b/c/d components.

Ericsson LM
# 14
Agree with ZTE; no need to limit to single band.





3.4 Issue #4: SUL
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 case, there is no interlaced transmission. And there is only one carrier for transmission at a time. So concurrent transmissions are not allowed by default. Whether one band or more than one bands can be configured for DMRS bundling may not matter much. However, two options are listed for comments.

Down-select one of the following options for conclusion:
Option 1: For SUL FR1 inter-band UL CA with the conditions listed in RAN4, DMRS bundling can be supported with the additional conditions as below:
· Only one band can be configured with DMRS bundling at a time
· Only configuration of a single TAG is supported
· Carrier switching can only occur in the gap of the carrier with DMRS bundling, implicitly covered by the existing event, i.e., 
· The gap between any two consecutive PUCCH transmissions, exceeds 13 symbols for normal cyclic prefix or exceeds 11 symbols for extended cyclic prefix
Option 2: For SUL FR1 inter-band UL CA with the conditions listed in RAN4, DMRS bundling can be supported with the additional conditions as below:
· More than one bands can be configured with DMRS bundling at a time
· Only configuration of a single TAG is supported
· Carrier switching can only occur in the gap of the carrier with DMRS bundling, implicitly covered by the existing event, i.e., 
· The gap between any two consecutive PUCCH transmissions, exceeds 13 symbols for normal cyclic prefix or exceeds 11 symbols for extended cyclic prefix
Any preference and comment on the options? 
	Feedback Form 4
Nokia France
# 1
Similar to the UL CA discussion above, Option 2 would be correct if the following sentence was removed:

"Carrier switching can only occur in the gap of the carrier with DMRS bundling, implicitly covered by
the existing event, i.e.,
● The gap between any two consecutive PUCCH transmissions, exceeds 13 symbols for normal
cyclic prefix or exceeds 11 symbols for extended cyclic prefix"

SUL cannot support concurrent UL transmissions, hence there is no need of "events" to handle the time domain window framework for DMRS bundling.

Once again, the addition of a suitable sentence to capabilities 30-4a/b/c/d would be sufficient.

ZTE Corporation.
# 2
For SUL case, there could be still concurrent transmissions as we commented above. This should be reflected in the proposal. In addition, it seems the main bullet of the options should be SUL instead of FR1 inter-band UL CA.

HUAWEI TECHNOLOGIES Co. Ltd.
# 3
To address ZTE's concern, the proposal can be refined to preclude the concerned UE capability, e.g. "If a UE is incapable of simultaneousTxSUL-NonSUL for a serving cell configured with SUL, then ...".

There is only one PUCCH carrier configured within a SUL cell. The event in the proposal is applicable to the PUSCH repetition within a single serving cell, including a cell configured with SUL.
More than one band can be configured with DMRS bundling since no identified issue.

Just a kind reminder, the main bullet is supposed to be SUL rather than FR1-FR1 UL-CA.
Intel Deutschland GmbH
# 4
Similar comments as above. We are fine with Option 2. Also need to change the main bullet with SUL. 
Qualcomm Incorporated
# 5
Option 2, but restricted to back to back cases. Same reasoning as before --- need to sidestep the issue of transmissions in other carriers during a gap. 
NTT DOCOMO INC.
# 6
Same comment as above. We prefer Option2. It is unnecessary to confine the number of bands configured with DMRS bundling, if it works without the restriction.
CATT
# 7
Since there is no cuncurrent transmission between NUL and SUL, we think this should be simpler case and Option 2 is preferred, without the last sub-bullet.
Alright to correct the typo of 'FR1 inter-band UL CA'
VIVO TECH GmbH
# 8
This should be simialr to FR1 inter-band UL CA case. And we have same comments as for issue #3.
Apple Computer Trading Co. Ltd
# 9
Carrier switching between SUL and NUL is not related to the gap. There is no out of order issue between transmission on NUL and SUL, as both carriers only serve one cell.
For the band configured with DMRS bundling, we believe only one band configured with DMRS bundling is enough.

Panasonic Corporation
# 10
Although Option 2 can be overall description, to be covered by RAN4 could be sufficient.

Samsung Research America
# 11
For SUL, given the limitation of no concurrent UL transmissions, configuring DM-RS on more than one band is fine.
Ericsson LM
# 12
Agree with ZTE; also there is no need to limit to a single band.




3.5 Issue #5: FG settings for DMRS bundling features
This may depend on the discussion of Issue #2,#3 and #4. Additionally, per band and per band combination for signaling may be OK. But it seems the first time to indicate both capabilities. So it is unclear whether it is feasible for RAN2 signaling. More comments are welcome.
Down-select one of the following options for conclusion:
Option 1: FG UE capabilities related to DMRS bundling are signaled at per band and per band combination granularity.
Option 2: FG UE capabilities related to DMRS bundling are signaled at per band 

Any preference and comment on the options? 
	Feedback Form 5
Nokia France
# 1
This discussion should occur in the UE capabilities session. We see no reason to fork it here.

ZTE Corporation.
# 2
Share the same view as Nokia. 
HUAWEI TECHNOLOGIES Co. Ltd.
# 3
With the restriction of no concurrent transmissions in the concerned UL-CA scenario, we don't see Option 1 is justified at least for back-to-back DMRS bundling where no interlaced transmission is allowed.
We suggest to agree per-band for back-to-back DMRS bundling first.
Intel Deutschland GmbH
# 4
We are fine to discuss this in UE feature sessions
Qualcomm Incorporated
# 5
Okay to discuss in UE features session.
NTT DOCOMO INC.
# 6
We can discuss it in UE feature
CATT
# 7
Agree with companies above to handle this issue in UE feature discussion.
VIVO TECH GmbH
# 8
Fine to discuss this in UE feature topic when Issue #1 to #5 are stable.
Apple Computer Trading Co. Ltd
# 9
Option 2 is preferred due to simultaneous UL transmission is not allowed, per band combination reporting granulairty is enough.

Panasonic Corporation
# 10
We share same view of Nokia.

Samsung Research America
# 11
This discussion can happen in UE capabilities where it has been ongoing for few meetings.

Ericsson LM
# 12
Agree with others that this can continue to be discussed in UE features.




4. Summary for 1st round of Discussion
Most companies think that the early RAN1 discussion and the current RAN1 specs are based on the single carrier operation. The events defined for DMRS bundling are mainly for the single carrier option case. However, it doesn’t preclude to apply DMRS bundling for the multi-carrier cases as long as the single carrier operation rule can be followed (i.e., i.e., no concurrent transmissions or transmission collisions between carriers are expected by UE). So the following conditions may be needed in addition to conditions listed in RAN4. 
· Concurrent transmissions or transmission collisions over multiple carriers are not expected by UE
· This can be handled by BS scheduling/configuration. 
Additionally, to avoid handling of the interaction between carriers without RAN1 spec changes, e.g., full/partial overlapping between transmissions or interlaced transmissions between carriers, the following conditions are proposed by some companies: 
· Concurrent transmissions or transmission collisions over multiple carriers are not expected
· Only a configuration of a single TAG for all cases listed by RAN4
· Only applicable for the back-to-back case. 
For Issue #5, FG discussion will be discussed in the UE Feature session. However, most companies agree to have UE capability for indication whether to support DMRS bundling.
5. Proposal for online session on 12/10
Based on the summary in section 4 and the discussions in the last meeting, the following conclusion is proposed for discussion and decision.
Proposed conclusion:
	For 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
DMRS bundling can be applied with the additional conditions than listed in RAN4 LS:
· Concurrent transmissions or transmission collisions over multiple carriers are not expected by UE
· Only configuration of a single TAG
· Only applicable for the back-to-back case
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