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Introduction
An LS reply from RAN4 was received in [1] on DMRS bunlding. Several issues were asked to RAN1.
1. Whether applying DMRS bundle to FR1 inter-band UL CA would have any RAN1 spec impacts
2. Considering SUL with DMRS bundling, can only one band can be configured with DMRS bundling at a time?
3. UE UL Tx power adaptation  
The above issues were discussed in last RAN1 meeting. An LS feedback was sent to RAN4 in [2]  with the following open issues.
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
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. 
In this contribution, we discuss the above issues on DMRS bundling and give our proposals.
Discussion on joint channel estimation with CA/DC/SUL
RAN4 made some agreements on FR1+FR2 CA/DC with DMRS bundling and FR1 inter-band DL CA without SRS carrier switching. For FR1 inter-band DL CA with SRS carrier switching, if SRS transmission is switching between different carriers during the DMRS bundling period, the phase continuity cannot be maintained by UE.  If this is supported, the SRS switching should be considered as an event which break the phase continuity. Two agreed events, i.e., UL transmission interruption larger than 14 symbols, and other UL transmission is scheduled between two consecutive PUSCH transmission, could be related to SRS carrier switching from/to PUSCH-less carrier. SRS carrier switching can be considered as the first event due to over one slot interruption time. It also can be considered as the second event because the SRS transmission on another carrier is still in the middle of two consecutive PUSCH transmission. It’s clear that the two events were defined only considering a single carrier case. 
	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.


Observation 1:  The following two events, i.e., UL transmission interruption larger than 14 symbols, and other UL transmission is scheduled between two consecutive PUSCH transmission, are only considered in single carrier case in current spec. SRS switching from/to PUSCH-less carrier is not covered by current specification.
For SUL inter-operation with DMRS bundling, the SUL is configured on a carrier separated from NUL carrier, thus the DMRS bundling feature can be independent configured on NUL or SUL or both, it’s just network configuration choice. Even both carriers are configured with DMRS bundling, the UL DCI will indicate the scheduled PUSCH on NUL or SUL. So, at one time, the UL transmission is only on one carrier, the phase continuity and power consistency is not impacted by another carrier. 
	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.


Observation 2: Current specification already supports configuring DMRS bundling with SUL, no RAN1 specification change is expected.
 As for the carrier switching between back and forth between SUL and NUL, according to current specification, new PUSCH transmission is only allowed after the previous PUSCH transmission is finished, as showing in section 6.1 of TS38.214.
	 For any HARQ process ID(s) in a given scheduled cell, the UE is not expected to transmit a PUSCH that 
overlaps in time with another PUSCH. For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled 
to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be 
scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than 
symbol i. 


Observation 3: There is no carrier switching back and forth issue between SUL and NUL carriers.
For FR1 UL inter-band CA with DMRS bundling, as discussed in last RAN1 meeting, it was assumed there is no RAN1 specification impact to support DMRS bundling with UL CA. If one carrier is configured with DMRS bundling, UE does not expect concurrent uplink transmissions on two carriers. But this will introduce another issue, Scell PUSCH is scheduled with DMRS bundling, Pcell has the PUCCH transmission overlapped with SCell PUSCH, in this case the UE behavior is not defined. If UE always drops the PUCCH, the DL performance on all carriers will be worse. It’s hard for gNB scheduler to avoid the PUCCH overlapping with PUSCH due to the longer PUSCH repetitions. In addition to the overlapping with PUCCH transmission, PUSCH transmission the bundle window could be overlapping with SRS and PRACH as well. 
	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?


Observation 4: If FR1 UL inter-band CA with DMRS bundling is supported, and UE assumes no concurrent UL transmissions on two carriers. The PUCCH, SRS, PRACH on another carrier will be impacted.  
If a UE is configured with inter-band UL CA, normally one band is lower frequency band for coverage and another band is higher frequency band for capacity. If UE already has the coverage issue in lower band, then the quality of another link in higher band is poor. Thus, DMRS bundling configures on lower band carrier is enough. In another case, the UE is in the edge of cell in higher band, DMRS bundling configures on higher band carrier makes sense, it could provide higher data rate with larger bandwidth. If DMRS bundling is configured on lower band carrier as well, this will restrict the QPSK modulation order for the cell without coverage issue, which lead to the UL performance degradation. Therefore, there is no motivation to configure two bands with DMRS bundling.
Proposal 1: If FR1 inter-band UL CA with DMRS bundling is supported, only one band can be configured with DMRS bundling. 
Summary
In this contribution, we discuss the issues raised by RAN4 on DMRS bundling and have the following proposals:
Observation 1:  The following two events, i.e., UL transmission interruption larger than 14 symbols, and other UL transmission is scheduled between two consecutive PUSCH transmission, are only considered in single carrier case in current spec. SRS switching from/to PUSCH-less carrier is not covered by current specification.
Observation 2: Current specification already supports configuring DMRS bundling with SUL, no RAN1 specification change is expected.
Observation 3: There is no carrier switching back and forth issue between SUL and NUL carriers.
Observation 4: If FR1 UL inter-band CA with DMRS bundling is supported, and UE assumes no concurrent UL transmissions on two carriers. The PUCCH, SRS, PRACH on another carrier will be impacted.  
Proposal 1: If FR1 inter-band UL CA with DMRS bundling is supported, only one band can be configured with DMRS bundling. 
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