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1. Introduction
At the RAN1#78bis meeting, following agreements were reached regarding SRS/PRACH power-control [1].
	Agreement:
· If the transmit power of PUCCH/PUSCH/SRS of a CG is equal to or lower than a guaranteed power configured for the CG, the transmit power is guaranteed

· Except when it is overlapped with a PRACH in the other CG and the UE is power-limited

Agreement:
· In DC PC mode 1, the remaining power is allocated across CGs in case of power limitation with the following priority order

· HARQ-ACK&SR > CSI > Data > SRS
· MCG > SCG for tie-breaks
· FFS: Whether PSeNB or PMeNB is applicable to SRS
· FFS: UE behaviors in case SRS transmission on one or both CGs and UE maximum power is exceeded


	Agreements:
· For a UE in a power-limited case, the following are assumed with regards to PRACH prioritization across CGs
· Working assumption: If the difference of the starting time of two transmissions is equal to or less than [33usec] and if the UE applies PCM1

· PCell PRACH > other PRACHs > other channels

· Working assumption: For the case of retransmission of PRACH or UE-initiated PRACH,
· PCell PRACH > other PRACHs > other channels
· Other than above two sub-bullets, on-going transmission is prioritized

· Priority among other PRACHs is up to UE implementation

· It is up to UE implantation that lower prioritized PRACH is power scaled or dropped,
· FFS: If PRACH is dropped, 
· L1 can indicate the dropping to MAC if RAN2 see the need of the indication
· No increment in power ramping is necessary for the retransmission


In this contribution, we discuss remaining issues on SRS/PRACH power-control, and propose to conclude with agreeing the following proposals.

Proposals on SRS:
· In both DC PCM1 and DC PCM2, Rel.11 power-limited handling is reused for SRS(s) within a CG.

· In DC PCM2, total power per CG is determined by PUCCH/PUSCH/SRS, and is constant over the subframe.
Proposals on PRACH:

· Clarify in which conditions the PRACH priority order shall be applied.

· Confirm whether the following understanding is common in RAN1.

· Remove the remaining FFS since further optimization is not necessary for the rare case.
	When a PRACH overlaps with other transmission(s), if the UE is power-limited,

· PCell PRACH > the other PRACH in the SCG shall be applied

· if the UE is configured with PCM1,

· except when the PCell PRACH starts in later subframe than the overlapping PRACH in the SCG, or

· if the UE is configured with PCM2, and

· if the PCell PRACH starts with the same timing with or is earlier than the overlapping PRACH in the SCG, or

· if the PCell PRACH starts later than the overlapping PRACH in the SCG, and

· if the PCell PRACH is a retransmission, or 

· if the PCell PRACH is UE-initiated.

· PRACH > other channel(s) shall be applied

· if the UE is configured with PCM1, or

· if the UE is configured with PCM2, and

· if the PRACH starts with the same timing with or is earlier than the overlapping channel(s), or

· if the PRACH starts later timing than the overlapping channel(s), and

· if the PRACH is a retransmission, or 

· if the PRACH is UE-initiated.


2. Remaining issues on SRS
As can be seen in [1], we have an agreement regarding the order of remaining power allocation including SRS across CGs for DC PCM1. Based on this agreement, if the UE has SRS(s) in both CGs, the UE first allocates the remaining power to MCG SRS(s), and if the remaining power is further available, then the UE allocates it to SCG SRS(s). An example of the UE behavior of power allocation in DC PCM1 is given in the following table (guaranteed power is assumed not to be configured for simplicity).
Table 1.  UE behavior on remaining power allocation in DC PCM1.

	Required power
	UE behavior

	MCG
	SCG
	

	PUxCH(s)
	SRS(s)
	PUxCH(s)
	SRS(s)
	

	0%
	60%
	0%
	60%
	· MCG SRS(s) achieves the required power

· SCG SRS(s) cannot achieve the required power

Question: Handling of SCG SRS(s)?

	60%
	0%
	0%
	60%
	· MCG PUxCH(s) achieves the required power

· SCG SRS(s) cannot achieve the required power

Question: Handling of SCG SRS(s)?

	0%
	60%
	60%
	0%
	· SCG PUxCH(s) achieves the required power

· MCG SRS(s) cannot achieve the required power

Question: Handling of MCG SRS(s)?

	30%
	30%
	0%
	60%
	· MCG PUxCH(s) achieves the required power

· MCG SRS(s) achieves the required power

· SCG SRS(s) cannot achieve the required power

Question: Handling of SCG SRS(s)?

	0%
	60%
	30%
	30%
	· SCG PUxCH(s) achieves the required power

· MCG SRS(s) achieves the required power

· SCG SRS(s) cannot achieve the required power

Question: Handling of SCG SRS(s)?

	30%
	30%
	30%
	30%
	· PUxCH(s) on both CGs achieves the required power

· MCG SRS(s) achieves the required power

· SCG SRS(s) cannot achieve the required power

Question: Handling of SCG SRS(s)?


From the above, it is obvious that Rel.11 rule across CGs is no longer applicable to SRS in DC PCM1. 
Observation 1:

· In DC PCM1, Rel.11 SRS power-limited handling is no longer applicable to DC PCM1.
· The remaining power allocation order has already been agreed in RAN1#78bis.

· The remaining issue of DC PCM1 is the handling of SRS(s) if the required power is not available.
Regarding the handling of SRS(s) in case the required power is not available, we consider that the same behavior between DC PCM1 and DC PCM2 is preferable. During the discussion so far, following two alternatives have been identified.

Alt.1: Rel.11 power-limited handling rules are applied within a CG.

Alt.2: All SRS(s) within a CG are dropped.

There was a discussion on whether SRS power fluctuation due to dynamic power-sharing between CGs is acceptable in dual connectivity operation. If Alt.1 is chosen, if there is no channel other than the SRS(s) in the CG, if the required power of the SRS(s) in the CG is not available, the allocated power to the SRS(s) in the CG is equally scaled, as if the maximum available power of the CG is PCMAX. It is understandable that such unexpected SRS(s) power-scaling without any knowledge at the eNB side may be harmful from the eNB UL scheduler point of view. 
However, eNB can alleviate the situation by setting power-control parameters properly. eNB can configure the guaranteed power for the CG relatively large so that the required power of the SRS(s) in the CG is covered. eNB can configure the SRS parameters, e.g., SRS bandwidth, so that the required power of the SRS(s) in the CG becomes smaller. Therefore, we consider that introducing the new UE behavior to drop the SRS(s) is not essential, and hence that adopting Alt.1 would be sufficient.
Observation 2:
· Dropping all the SRS(s) in a CG when the required power is not available is not essential.

Based on the observations, our proposal on SRS power-limited handling is as following.

Proposal 1:

· In both DC PCM1 and DC PCM2, Rel.11 power-limited handling is reused for SRS(s) within a CG.

In DC PCM2, how to determine the total transmit power per CG needs to be clarified. Following three alternatives have been identified so far.
Alt.1: Total power per CG is determined by PUCCH/PUSCH/SRS, and is constant over the subframe.
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Alt.2: Total power per CG is determined by PUCCH/PUSCH, and is constant over the subframe.
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Alt.3: Total power per CG is determined by PUCCH/PUSCH/SRS, and is not constant over the subframe.
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Among these alternatives, Alt.3 requires a complicated power allocation procedure compared to Alt.1/2. More specifically, power determination timing of PUCCH/PUSCH and SRS in the same subframe in the same CG needs to be separated unless look-ahead is supported. Following figure explains the concern. In Rel.11 CA and Rel.12 DC with PCM1, the transmit power of PUCCH/PUSCH and SRS in the same subframe can be determined at the same time. In Rel.12 DC with PCM2, it is natural to assume that the transmit power of PUCCH/PUSCH and SRS in the same subframe in the same CG can be determined at the same time, while the power determination between CGs shall be able to be done independently. However, Alt.3 without look-ahead requires separate timing of power determination not only between CGs, but also between PUCCH/PUSCH and SRS in the same subframe in the same CG, since the power of SRS symbol in a CG cannot be determined until the total power of PUCCH/PUSCH in the later overlapping subframe in the other CG is determined.
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It is not clear whether such optimization is really essential only for SRS power allocation. Therefore we do not prefer to support Alt.3.
Between Alt.1 and Alt.2, Alt.1 is still preferable. Firstly, Alt.2 may require additional step to determine the power of SRS; SRS power allocation and its handling (if power-limited) can be done after confirming the exact value of the total power per CG, which is determined by using the power information of PUCCH(s) and/or PUSCH(s) across CGs. Secondly, Alt.2 requires to specify the maximum available power of SRS(s) if there is no shortened PUCCH/PUSCH(s) in the same subframe in the same CG. Thirdly, Alt.2 requires eNB to take into account that the maximum available power of SRS(s) depends on the scheduling result of PUCCH/PUSCH(s) in the same subframe, which is an additional complexity on the eNB, although the power of the scheduled PUCCH/PUSCH(s) in the same subframe itself may also be fluctuated because of the power allocation to the other CG. Considering the tradeoff between the benefit and the additional complexity/specification effort of Alt.2, we think that Alt.1 would be sufficient.
Proposal 2:

· In DC PCM2, total power per CG is determined by PUCCH/PUSCH/SRS, and is constant over the subframe.

3. Remaining issues on PRACH
In RAN1#78bis, applying the priority order of PCell PRACH > other PRACHs > other channels with some conditions were agreed. However, the current description of the agreements may not be clear enough on which case the priority order shall be applied. Therefore, we suggest confirming which conditions the priority order is applied. During this process, the working assumptions can be confirmed as well.

Following is our understanding.
· When a UE is configured with PCM1

· Priority order can be applied as in the case of PUCCH/PUSCH/SRS. One exceptional case is the overlap between SCG PRACH with long preamble and PCell PRACH with short preamble, where the PCell PRACH starts in later subframe than the overlapping SCG PRACH. In this case, the on-going SCG PRACH should be prioritized.

· When a UE is configured with PCM2
· Whether the priority can be kept depends on whether the higher priority PRACH is earlier transmission. If the higher priority PRACH is the on-going PRACH transmission, the priority order is kept. If the higher priority PRACH overlaps with the on-going transmission, unless it is retransmission or UE-initiated transmission, the on-going transmission is prioritized.
Note that RAN2 already agreed that there is only one random access procedure on-going at any point in time in a MAC entity (in a CG) [2].
Based on the above understanding, we propose to confirm whether the following understanding on which case the UE shall apply the priority order related to PRACH is common in RAN1.
When a PRACH overlaps with other transmission(s), if the UE is power-limited,

· PCell PRACH > the other PRACH in the SCG shall be applied

· if the UE is configured with PCM1,

· except when the PCell PRACH starts in later subframe than the overlapping PRACH in the SCG, or

· if the UE is configured with PCM2, and

· if the PCell PRACH starts with the same timing with or is earlier than the overlapping PRACH in the SCG, or

· if the PCell PRACH starts later than the overlapping PRACH in the SCG, and

· if the PCell PRACH is a retransmission, or 

· if the PCell PRACH is UE-initiated.

· PRACH > other channel(s) shall be applied

· if the UE is configured with PCM1, or

· if the UE is configured with PCM2, and

· if the PRACH starts with the same timing with or is earlier than the overlapping channel(s), or

· if the PRACH starts later timing than the overlapping channel(s), and

· if the PRACH is a retransmission, or 

· if the PRACH is UE-initiated.
Note that in the first working assumption of the agreement, “If the difference of the starting time of two transmissions is equal to or less than [33usec] and if the UE applies PCM1”, it would not be necessary to specify [33usec] since it is the actual definition of PUSCH/PUCCH transmission timing difference in PCM1. Since TA is not applicable to PRACH, the exact value of transmission timing difference between PRACHs may not be the same as PUCCH/PUSCH, but such small difference would not be critical.
Another remaining issue is an FFS on whether PRACH dropping is informed to the MAC layer. Since this event (two PRACHs overlap and at least one of PRACHs is dropped) would be quite rare, we are fine to remove the FFS, i.e., specifying no new interaction between physical layer and MAC layer regarding the PRACH dropping, so that consuming time for further (and may be unnecessary) optimization can be avoided. 
Proposal 3:

· Clarify in which conditions the PRACH priority order shall be applied.

· Confirm whether the above understanding is common in RAN1.
· Remove the remaining FFS since further optimization is not necessary for the rare case.
4. Conclusion
In this contribution, we discussed the remaining issues on SRS/PRACH power-control, and propose to conclude with agreeing the following proposals.
Proposals on SRS:

· Required power of SRS(s) in a CG is taken into account to determine the total power of the CG.

· In DC PCM2, the total power of the CG is constant over the subframe.

· For SRS handling in power-limited case, Rel.11 power-limited handling is reused within a CG.

· This is done after determining the total transmit power for the CG.
Proposals on PRACH:

· Clarify in which conditions the PRACH priority order shall be applied.

· Confirm whether the following understanding is common in RAN1.

· Remove the remaining FFS since further optimization is not necessary for the rare case.
	When a PRACH overlaps with other transmission(s), if the UE is power-limited,

· PCell PRACH > the other PRACH in the SCG shall be applied

· if the UE is configured with PCM1,

· except when the PCell PRACH starts in later subframe than the overlapping PRACH in the SCG, or

· if the UE is configured with PCM2, and

· if the PCell PRACH starts with the same timing with or is earlier than the overlapping PRACH in the SCG, or

· if the PCell PRACH starts later than the overlapping PRACH in the SCG, and

· if the PCell PRACH is a retransmission, or 

· if the PCell PRACH is UE-initiated.

· PRACH > other channel(s) shall be applied

· if the UE is configured with PCM1, or

· if the UE is configured with PCM2, and

· if the PRACH starts with the same timing with or is earlier than the overlapping channel(s), or

· if the PRACH starts later timing than the overlapping channel(s), and

· if the PRACH is a retransmission, or 

· if the PRACH is UE-initiated.
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