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1 Introduction
In this paper, we provide more views on the issues raised in RAN4 LS R1-2205715 based on the discussion in RAN1#110 meeting 
2 Discussion
2.1	CA/DC cases supported by RAN4 
For CA/DC/SUL support, RAN4 has reached the following agreement on the supported cases as extracted below:
	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.



Accordingly, RAN1 can add a note in FG 30-4 to clarify the supported CA/DC cases for DMRS bundling. 
[bookmark: _Ref111281245]Proposal 1: Add the note below in FG 30-4 to clarify the supported CA/DC cases
“NOTE: for the supported CA/DC cases: 
· 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.”
2.2 Other multi-carrier cases asked by RAN4 LS
For support of DMRS bundling in 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
We have the following understanding and observations for the principle to study the feasibility and conditions to support the corresponding cases according to the conclusion in RAN1 reached in the RAN1#110 “supposing there is no RAN1 spec impact”:
· Principle: Single carrier based DMRS bundling mechanism should be followed, i.e., UL resources, events, etc. are only counted based on the single carrier operation.
A. So far the events are only applied for the single carrier operation
B. The UL resources are only counted based on the single carrier configuration and operation.
Only if the single carrier based DMRS bundling mechanism can be followed for the multi-carrier option, there can be no RAN1 spec impact.
According to this principle, we have the following observations and suggestions:
· If supported, only one carrier can be scheduled for transmission during DMRS bundling, i.e., no concurrent transmissions during DMRS bundling. Because: 
A. Concurrent transmissions will cause the power sharing, which may break the conditions required for DMRS bundling. 
· If supported, only configuration of a single TAG is supported as mentioned in RAN4 LS. Because:
A. More than one TAG will cause partial overlapping of the carriers, which may break the conditions required for DMRS bundling.
· For carrier switching, if the switching happens within the DMRS bundling duration, then the phase continuity is not maintained by the UE. Because: 
A. It has been mentioned as in RAN4 LS and is also the common understanding in RAN1 to our understanding.
· Any carrier switching will not be defined as the new event for UE to resume the DMRS bundling operation. Because:
A. It violates the assumption for evaluation of the feasibility and conditions concluded in RAN1#110, i.e., supposing there is no RAN1 spec impact. 
· If supported, resuming the DMRS bundling from any carrier switching has to be covered or handled implicitly by the existing events defined for the single carrier case. That is, 
A. For TDD operation: The carrier switching can be happened in the TDD DL slots of the existing TDD carrier with DMRS bundling operation. Then the UE will treat it same as the events for the DL slots with no need to handling carrier switching specially. This could be covered by 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. 
B. For FDD operation: Due to all slots in FDD UL available for DMRS bundling, any carrier switching during DMRS bundling is not expected. Otherwise, it will require to define a new event, which is violating the early assumptions. 
On the other hand, the benefit is unclear for the interlaced DMRS bundling operations between carriers. And it may be quite complicated for discussion during this late stage. Especially, RAN4 did not ask for such interlaced DMRS bundling operations. 
Furthermore, we provides more view on the cases raised by RAN4 in the following sections based on the observations and suggestions as above.
[bookmark: _Hlk115469448]2.2.1 DL CA with “additional” UL carrier configured with SRS only
RAN4 discussed whether applying DMRS bundle to FR1 inter-band UL CA would have any RAN1 spec impacts as extracted below.
	Considering DL CA with “additional” UL carrier configured with SRS only (i.e. no PUCCH/PUSCH configured) with the following conditions:
· [bookmark: _Hlk115459603]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.



For this case, if supported, the carrier switching should fall into the gap observed from the carrier with DMRS bundling. And the gap length should exceed 13 symbols for normal cyclic prefix or exceed 11 symbols for extended cyclic prefix as defined in the existing event for the single carrier operation. 
[bookmark: _Ref115470059]Proposal 2: For DL CA with “additional” UL carrier configured with SRS only, the conditions listed by RAN4 can be confirmed. Additionally, 
· If resuming DMRS bundling from carrier switching is supported, 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”.
 
2.2.2 FR1 inter-band UL CA cases 
Besides, RAN4 discussed whether applying DMRS bundle to FR1 inter-band UL CA would have any RAN1 spec impacts as extracted below. 
	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.
· [bookmark: _Hlk115458234]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?



Firstly, there will be RAN1 spec impact in the above cases due to the need of the new event to be defined for addressing the case of carrier switching between carriers.
Especially for FR1 inter-band UL CA with DMRS bundling, the overlapping or interlaced transmission of PUSCH, PUCCH, and/or SRS erroneously scheduled/configured by the gNB on more than one carrier should be forbidden. It should be noted the DMRS bundling feature is aimed for coverage enhancement and besides the complexity at UE will increases. Power changes in one of CCs or LTE(/NR) carrier will likely cause power changes in the other CCs or NR(/LTE) carrier(s) in case of concurrent UL transmissions.
Additionally, for the cell edge UEs configured with DMRS bundling there seems unlikely to have two FR1 carriers configured with DMRS bundling for dynamic switching or concurrent transmissions. So such use cases are also unclear for application of DMRS bundling, especially if both carriers in FR1 inter-band CA case need to apply the modulation schemes below QPSK.
[bookmark: _Ref111281247][bookmark: _Hlk115469658]Proposal 3: 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
· If resuming DMRS bundling from carrier switching is supported, 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”.

2.1.3 SUL case  
RAN4 also discussed whether applying DMRS bundle to SUL would have any RAN1 spec impacts as extracted below.
	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.



Supposing there is only one band can be configured with DMRS bundling at a time and there is no carrier switching between SUL and NUL carriers, the DMRS bundling can be applied without RAN1 spec impact.
[bookmark: _Ref111281249]Proposal 4: For SUL case, the conditions listed by RAN4 can be confirmed . 
3 Summary
In this paper, we discussed the issue of phase continuity and power consistency for UL repetition. We have the following observations. 
Proposal 1: Add the note below in FG 30-4 to clarify the supported CA/DC cases
“NOTE: for the supported CA/DC cases: 
· 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.”

Proposal 2: For DL CA with “additional” UL carrier configured with SRS only, the conditions listed by RAN4 can be confirmed. Additionally,
· If resuming DMRS bundling from carrier switching is supported, 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”.

Proposal 3: 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
· If resuming DMRS bundling from carrier switching is supported, 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”.

Proposal 4: For SUL case, the conditions listed by RAN4 can be confirmed. 
Reference
[bookmark: _Ref64378117][bookmark: _Ref47206669][bookmark: _Ref30840956][1] Chairman’s notes, RAN1 #110 Meeting 
