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1 Introduction
In RAN1#78 meeting, the following agreements related to power control in dual connectivity were made with some FFS points. In this contribution, we analyze the open issues and give our proposals.

Agreements:
· At least for PUCCH/PUSCH, remaining power is allocated on a per-transmission basis

· When UE apply priority rule for PUCCH/PUSCH across CGs, the priority rule for PUCCH/PUSCH across CGs to utilize remaining power is as the followings

· HARQ-ACK = SR > CSI > PUSCH without UCI 
· FFS: Priority between periodic and aperiodic CSI
· If a channel has more than one type of UCI, the prioritization across CG is based on the highest priority UCI type

· The same UCI type collides, MCG gets higher priority over SCG

· FFS whether priority rule based on channel type is considered

· If considered, the same UCI type collides, channel type of PUCCH gets higher priority over PUSCH

· If considered, the same UCI type with same channel type collides, MCG gets higher priority over SCG

· FFS: For asynchronous case with the case that transmission timing difference is very small (e.g., around 33 micro sec), the priority rule for PUCCH/PUSCH across CGs to utilize remaining power
· FFS: UE can drop PUSCH and piggy back the multiplexed HARQ-ACK onto PUCCH in power limited case

· FFS: How/whether to ensure eNB and UE have the same understanding of synchronous case
2 Discussion
2.1 Details of priority rule for the remaining power
In this section, we discuss the following two remaining issues:
1) FFS Priority between periodic and aperiodic CSI
2) FFS whether priority rule based on channel type is considered
CSI reporting is periodic and aperiodic where P-CSI is semi-statically configured by higher layers while A-CSI is triggered dynamically by eNB. Currently, in case both P-CSI and A-CSI reporting would occur in the same subframe, the UE shall only transmit the A-CSI report in that subframe because A-CSI is considered more important. Following this principle, A-CSI shall be prioritized over P-CSI across CGs for remaining power allocation when a UE applies priority rule for PUCCH/PUSCH across CGs.
UCI based priority rule for PUCCH/PUSCH across CGs for remaining power allocation has been agreed. To prioritize A-CSI over P-CSI when they collide is the current UE behavior. Therefore, to prioritize A-CSI over P-CSI across CGs for remaining power allocation would not increase UE complexity. 

A-CSI is always transmitted on PUSCH while P-CSI may be transmitted on PUCCH or PUSCH. In case A-CSI is transmitted on PUSCH to a CG and P-CSI is transmitted on PUCCH to the other CG, PUSCH with A-CSI is prioritized over PUCCH with P-CSI for remaining power allocation according to the above principle. There was some concern that PUSCH may need a lot of power which would jeopardize PUCCH transmission. However, it should be noted that in this case, PUCCH with P-CSI has the highest priority within its own CG so that it can be protected by the minimum guaranteed power configured for that CG. 
Therefore, it is proposed to follow the existing principle that A-CSI has higher priority than P-CSI.

Proposal 1: When a UE applies priority rule for PUCCH/PUSCH across CGs, aperiodic CSI has higher priority than periodic CSI for remaining power allocation across CGs, i.e. HARQ-ACK=SR>A-CSI>P-CSI>PUSCH without UCI.
It was agreed that when the same UCI type collides, MCG gets higher priority over SCG. It remains FFS whether priority rule based on channel type is further considered. If considered, when the same UCI type collides, channel type of PUCCH gets higher priority over PUSCH. Furthermore, if the same UCI type with same channel type collides, MCG gets higher priority over SCG. 
Based on the agreements and our proposal 1, we compare the CG priority considering channel type or not in Table 1. In the table when the same UCI type collides, approach 1 gives higher priority to MCG without considering channel type while approach 2 considers channel type as mentioned above. 
Table 1: CG priority considering channel type or not
	
            MCG

SCG
	PUCCH
	PUSCH with UCI
	PUSCH w/o UCI

	
	PUCCH with SR and/or HARQ-ACK
	PUCCH with P-CSI only
	PUSCH with HARQ-ACK
	PUSCH with A-CSI only
	PUSCH with P-CSI only
	PUSCH w/o UCI

	PUCCH
	PUCCH with SR and/or HARQ-ACK
	Approach1

Approach2
	MCG

MCG
	SCG

SCG
	MCG

SCG
	SCG

SCG
	SCG

SCG
	SCG

SCG

	
	PUCCH with P-CSI only
	Approach1

Approach2
	MCG

MCG
	MCG

MCG
	MCG

MCG
	MCG

MCG
	MCG

SCG
	SCG
SCG

	PUSCH with UCI
	PUSCH with HARQ-ACK
	Approach1

Approach2
	MCG
MCG
	SCG
SCG
	MCG
MCG
	SCG
SCG
	SCG
SCG
	SCG
SCG

	
	PUSCH with A-CSI only
	Approach1

Approach2
	MCG
MCG
	SCG
SCG
	MCG
MCG
	MCG
MCG
	SCG
SCG
	SCG
SCG

	
	PUSCH with P-CSI only
	Approach1

Approach2
	MCG
MCG
	MCG
MCG
	MCG
MCG
	MCG
MCG
	MCG
MCG
	SCG
SCG

	PUSCH w/o UCI
	PUSCH w/o UCI
	Approach1

Approach2
	MCG

MCG
	MCG

MCG
	MCG

MCG
	MCG

MCG
	MCG

MCG
	MCG

MCG


It is observed that there are only two cases in which the two approaches result in different CG priority.
Case 1: PUSCH with HARQ-ACK in MCG vs. PUCCH with SR and/or HARQ-ACK in SCG

Case 2: PUSCH with P-CSI only in MCG vs. PUCCH with P-CSI only in SCG

For both cases, remaining power is given to PUSCH with UCI in MCG with higher priority if channel type is not considered during prioritization. It seems that data multiplexed with UCI in MCG has been prioritized over UCI in SCG. However, it should be noted that this is the priority for remaining power allocation and PUCCH with UCI in SCG has the highest priority in its own CG so that it can be protected by the minimum guaranteed power configured for the CG. Therefore, there is no need to further consider channel type for remaining power allocation across CGs.
Proposal 2: Do not consider priority rule based on channel type when a UE applies priority rule for PUCCH/PUSCH across CGs.
2.2 UCI handling in power-limited case
It was proposed in [1] that UE can drop PUSCH and transmit the HARQ-ACK on PUCCH in power limited case to protect HARQ-ACK in SCG from being penalized by large data transmission in MCG.
HARQ-ACK in SCG may be transmitted on PUCCH or PUSCH. In case HARQ-ACK in SCG is transmitted on PUCCH, it is case 1 discussed in section 2.1. We think PUCCH with HARQ-ACK in SCG can be protected by the minimum guaranteed power configured for SCG. Otherwise if HARQ-ACK in SCG is piggybacked on PUSCH, i.e. PUSCH with HARQ-ACK in both MCG and SCG, considering the potential RRC message in MCG, it is more reasonable to prioritize PUSCH in MCG rather than drop data in MCG.

In addition, if UE is allowed to drop PUSCH in order to transmit the HARQ-ACK on PUCCH in power limited case, eNB complexity would increase since eNB is required to detect both PUCCH and PUSCH.

Based on the analysis above, we have the following proposal.

Proposal 3: In case a UE is indicated to transmit PUSCH with HARQ-ACK, the UE shall not drop PUSCH in order to transmit the HARQ-ACK on PUCCH.
2.3 PRACH handling and its power-control
During the email discussion after RAN1#78 meeting, we agreed that P_MeNB and P_SeNB are not applicable to PRACH, i.e. a UE can allocate up to PCMAX,c to transmit PRACH. In addition, it is the common understanding that all PRACHs have higher priority over other channels/signals.
PRACH transmission can be triggered by a PDCCH order from eNB or by the MAC layer itself in the UE. In case PRACH is triggered by a PDCCH order, PRACH is transmitted in the first subframe 
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, where a PRACH resource is available and PDCCH order is received in subframe n. In case PRACH transmission is triggered by MAC, the subframe for PRACH transmission is determined internally by the UE MAC layer. In order not to impact the PRACH performance, it is preferable for the UE to always prioritize PRACH over other channels/signals and allocate the UE power to PRACH with highest priority over other channels/signals, i.e. the UE shall always perform look-ahead for PRACH transmission. 
Proposal 4: In dual connectivity, all UE power is first made available to PRACH(s) before allocating power to other overlapped channels/signals.
In the LS from RAN2 [2], RAN1 is asked whether it is feasible to support parallel preamble transmissions, one for MeNB RACH and the other for SeNB RACH. In RAN1#76, it was agreed that it is feasible to support parallel PRACH preamble transmissions in non-power-limited case and FFS whether or not and how to support parallel PRACH transmission in the power limited case [3].
The definition of power limited case is unclear considering potential concurrent transmissions of PRACH and other channel(s)/signal(s) in multiple TAGs within a CG. There are two cases:

Case 1: UE power is not sufficient for parallel PRACH transmissions only

Case 2: UE power is sufficient for parallel PRACH transmissions but not sufficient considering other concurrent physical channel(s)/signal(s)

It is feasible to support parallel PRACH transmission in Case 2 by dropping some or all other physical channel(s)/signal(s) according to the priority rule. For Case 1, it is better not to transmit PRACH with lower priority considering that power scaling of PRACH is not desirable as it is not consistent with the current PRACH power ramping scheme. Whether to drop or postpone the lower priority PRACH can be left to UE implementation. Also it is up to RAN2 to discuss the MAC impact.
Proposal 5: PRACH with lower priority is not transmitted if the UE power is not sufficient for parallel PRACH transmissions.

It was agreed in RAN1#77 that PRACH to PCell has the highest priority. Furthermore, PRACH transmission on pSCell is also important as RA failure on pSCell would cause S-RLF according to RAN2’s agreement. Therefore, the priority between PRACHs is proposed below.
Proposal 6: For parallel PRACH transmissions, PCell PRACH > pSCell PRACH > other PRACH.
2.4 SRS handling and its power-control
In MTA, if SRS transmission overlaps with PUCCH/PUSCH or PRACH transmission and its total transmission power exceeds PCMAX on any overlapped portion of the symbol, SRS is dropped. If SRS in a TAG overlaps with SRS in another TAG and total transmit power of the SRS symbol in the overlapped portion exceed PCMAX, transmit power of SRS is scaled.

SRS handling with dual connectivity can be categorized into two cases by the dual connectivity powe control mode, i.e. DC power control mode 1 and DC power control mode 2.

If a UE uses DC power control mode 1, the existing MTA handling of SRS can be reused. Otherwise if a UE uses DC power control mode 2, SRS in the CG associated with the earlier transmission (i.e. the starting time of the subframe containing SRS) has higher priority than channels/signals in the CG associated with the latter transmission, and the transmit power of SRS symbol in the CG associate with earlier transmission can be up to the maximum available power for the CG.
Proposal 7: If a UE uses DC power control mode 1, the existing MTA handling of SRS can be reused.
Proposal 8: If a UE uses DC power control mode 2, SRS in the CG associated with the earlier transmission has higher priority than channels/signals in the CG associated with the latter transmission.
2.5 Further clarification of synchronous and asynchronous operations
There are following open issues.

· FFS: For asynchronous case with the case that transmission timing difference is very small (e.g., around 33 micro sec), the priority rule for PUCCH/PUSCH across CGs to utilize remaining power

· FFS: How/whether to ensure eNB and UE have the same understanding of synchronous case

From our view, we do not expect the eNB scheduling and configuration of power control parameters would change significantly due to different DC power control modes given the fact that the eNB does not know the scheduling information of the other eNB. Therefore, we do not think it necessary to ensure that eNB and UE have the same understanding on which DC power control mode is being currently used.
During the email discussion after RAN1#78, UE power control mechanisms for dual connectivity are called DC power control mode 1 and 2 as following.

For the discussion, we call DC power control mode 1 to capture the UE behavior as the following

· All the remaining power can be shared. 
· Priority is determined based on UCI type across CG for the remaining power
We also call DC power control mode 2 to capture the UE behavior as the following:-

· Reserve P_SeNB and/or P_MeNB towards each eNB if there is potential uplink transmission. 
· All remaining power is first made available to CG associate with earlier transmission.
Apparently, DC power control mode 1 has better power efficiency over DC power control mode 2. For asynchronous case with the case that transmission timing difference is very small (e.g., around 33 micro sec), we prefer to adopt DC power control mode 1.

Proposal 9: eNB and UE do not need to have the same understanding on which DC power control mode is currently being used.

Proposal 10: DC power control mode 1 is preferred for asynchronous case with the case that transmission timing difference is very small (e.g., around 33 micro sec).
3 Conclusions
In this contribution, we discuss the open issues on dual connectivity power control with the following proposals:
Proposal 1: When a UE applies priority rule for PUCCH/PUSCH across CGs, aperiodic CSI has higher priority than periodic CSI for remaining power allocation across CGs, i.e. HARQ-ACK=SR>A-CSI>P-CSI>PUSCH without UCI.
Proposal 2: Do not consider priority rule based on channel type when a UE applies priority rule for PUCCH/PUSCH across CGs.
Proposal 3: In case a UE is indicated to transmit PUSCH with HARQ-ACK, the UE shall not drop PUSCH in order to transmit the HARQ-ACK on PUCCH.
Proposal 4: In dual connectivity, all UE power is first made available to PRACH(s) before allocating power to other overlapped channels/signals.
Proposal 5: PRACH with lower priority is not transmitted if the UE power is not sufficient for parallel PRACH transmissions.

Proposal 6: For parallel PRACH transmissions, PCell PRACH > pSCell PRACH > other PRACH.

Proposal 7: If a UE uses DC power control mode 1, the existing MTA handling of SRS can be reused.
Proposal 8: If a UE uses DC power control mode 2, SRS in the CG associated with the earlier transmission has higher priority than channels/signals in the CG associated with the latter transmission.
Proposal 9: eNB and UE do not need to have the same understanding on which DC power control mode is currently being used.

Proposal 10: DC power control mode 1 is preferred for asynchronous case with the case that transmission timing difference is very small (e.g., around 33 micro sec).
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