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1.   Introduction
CA with DMRS bundling has been left for RAN1 consideration and not discussed in RAN4 yet. In this paper we provide motivation, insight in to requirements and capabilities for DMRS bundling for DL and UL CA.  
2. 	Discussion
2.1	Justification for DMRS bundling for CA
The premise of coverage enhancements assumes the UE close to or out of coverage and intuitively it might be questioned why CA and DMRS bundling need to be discussed together. However, for DL CA case, considering a case when UE is configured for n78 and n3 DL CA with UL on n3. This case itself makes sense when UE is out of UL coverage for n78. UE might also move out of n3 UL coverage and in order to send ACK/NACKs (PUCCH) about received PDSCH on n3 and n78, UE can use DMRS bundling. 
Observation 1: UE may be out of UL coverage for two bands when it is in DL coverage for the same bands and using DMRS bundling one of the bands for PUCCH helps to extend the UL coverage 
For UL CA case, while UE is configured for UL CA, it may only transmit on one band at the time. Then, the case in observation 1 becomes relevant for UL CA. The UE maybe configured for UL CA n3+n78 and drop out of UL coverage for both bands, or at least be UL coverage challenged for both bands and in this case DMRS bundling helps to extend the UL coverage that may be challenged only temporarily. For DL heavy applications, the user experience can have remarkable improvement if UL coverage is extended and most of the high BW data is transmitted using n78 DL. 
Observation 2: When UE is configured for UL CA, DMRS bundling helps to extend the UL coverage and improve the link reliability  
2.2	DMRS bundling requirements for Inter-band UL CA 
The requirements were drafted in LS [2] in early phases of the WI. It was assumed that as long as there are no changes in power on other (or own) CCs, then phase continuity can be maintained. In precise form, it was said “when own CC is not impacted by other..” and this means that there is no change in MPR/A-MPR or maximum power due to dynamic power sharing to the own CC. With these, ran4 can derive requirements for inter-band CA.
Proposal 1: Define inter-band UL CA requirements for DMRS bundling. 
Ran4 can further restrict or discuss cases as follows:
A) Only one band can support DMRS bundling at a time
B) In case two bands are supporting DMRS bundling, the bundles are not overlapping in time
C) In case bundles are overlapping in time their time windows are aligned
In [33] we have provided our input of how to define the requirements according to A). Extending the coverage to B) and C) cases, would require changes to the PCMax sentences about handling of the cases when transmission starts or end on an other band where bundling is active since it may impact the power on the band with the bundling. Also frequency hopping may impact the PCMax. 
Observation 3: Extending UL CA coverage to case B or C would need discussions on requirements in other sections than transmit signal quality.
It is also unclear if RAN1 needs to be involved if the TDW need to be restricted.
2.3	Impact on capability with CA
The agreement in RAN4 was to leave the CA aspect to ran1 with LS [27] since RAN4 has not discussed CA requirements. If the proposals in [36] or in this paper are agreeable, the RAN4 could further think if the DMRS bundling capability or maximum duration capability should be revisited. 
The UE may be capable for bundling on two bands separately. UE may implement phase retention techniques to achieve good performance but since those circuits need real-estate, either in silicon or MIPS for software, UE may not be able to apply them on two bands simultaneously. These issues concern the case when UE may need to perform bundling on two bands but if RAN4 only covers the case A), the these problem don’t apply directly.
For the case A) and DL CA case, UE may still have problems with DMRS bundling that do not exist for the implementation for single band. For example, the frequency hopping on the other band may impact of the phase continuity for the band with the bundling sine the frequency generation circuitry may produce glitches. In some case frequency planning may also want to change reference frequencies to avoid harmonic overlaps and receiver desentization.
Observation 4: UE may have challenges in  maintaining phase continuity when it is configured for CA that do not exist in single band case    
Proposal 2: Define the capabilities for DMRS bundling per band per band combination. 
RAN4 should inform RAN2 and RAN1 about this issue. We provide a draft LS in the annex.
Proposal 3: Inform RAN1 that the DMRS bundling capabilities should be per band per band combination

Conclusion
We made following observations:
Observation 1: UE may be out of UL coverage for two bands when it is in DL coverage for the same bands and using DMRS bundling one of the bands for PUCCH helps to extend the UL coverage 
Observation 2: When UE is configured for UL CA, DMRS bundling helps to extend the UL coverage and improve the link reliability  
Observation 3: Extending UL CA coverage to case B or C would need discussions on requirements in other sections than transmit signal quality.
Observation 4: UE may have challenges in  maintaining phase continuity when it is configured for CA that do not exist in single band case    
And following proposals:
Proposal 1: Define inter-band UL CA requirements for DMRS bundling. 
Proposal 2: Define the capability for DMRS bundling per band per band combination. 
Proposal 3: Inform RAN1 that the DMRS bundling capabilities should be per band per band combination
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Attachments:	
1	Overall description
Ran4 has further discussed the CA with DMRS bundling and came to the conclusion that due to UE implementation issues, the DMRS bundling capability and maximum duration capability should per band and per band combination
2	Actions
To RAN1 and RAN2 
ACTION: RAN4 respectfully asks RAN1 and RAN2 to take the above information in to consideration in their work. 
3	Dates of next TSG RAN WG 4 meetings
3GPP RAN 4 RAN4#104 		2022-08-22	2022-08-26	Toulouse, France
3GPP RAN 4 RAN4#104-bis-e	2022-10-10	2022-10-19	Electronic meeting



