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1 Introduction
The power control framework in dual connectivity was agreed in RAN1#77. Several email discussions were launched after the meeting and some agreements were reached.
Still there are some open issues on power control details. In this contribution, we discuss the details of power control aspect in dual connectivity.
2 Discussion
2.1 PMeNB/PSeNB definitions
In RAN1#77, it was agreed that minimum guaranteed power allocation P_SeNB and/or P_MeNB can be configured to UE. It was FFS if PMeNB and PSeNB are defined as ratios of PCMAX or absolute values in dBm. During the email discussion after the meeting, a working assumption was made that PMeNB and PSeNB are defined as ratios of PCMAX [1]. Due to the fact that PCMAX changes from subframe to subframe, it is proposed to confirm the working assumption to make sure that the sum of PMeNB and PSeNB would never exceed PCMAX.
Proposal 1: Confirm the working assumption that PMeNB and PSeNB are defined as ratios of PCMAX.
The range and resolution of PMeNB and PSeNB are FFS. The following agreements were reached during the email discussion [1].
· If they are defined as ratios of PCMAX, PMeNB+PSeNB>100% is not allowed.

· PMeNB=PCMAX (or 100%), PSeNB=PCMAX (or 100%), PMeNB+PSeNB=PCMAX (or 100%), and PMeNB+PSeNB<PCMAX (or 100%), are supported.
In order to support PMeNB=100%, PSeNB=100% and PMeNB+PSeNB=100%, the range of PMeNB and PSeNB shall be [0%, 100%].

During the email discussion, it was proposed to introduce a 4-bit signaling for PMeNB and PSeNB respectively to indicate the percentage of PCMAX. Considering the range to be supported, the following resolution of PMeNB (PSeNB) in Table 1 can be considered. 1% and 99% are proposed considering potential large pathloss difference towards two eNBs. The logarithmic and absolute power assuming PCMAX =23dBm are also given in the table.
Table 1: Resolution of PMeNB (PSeNB)
	PMeNB (PSeNB) Index
	% of PCMAX
	% * PCMAX [dBm]
	% * PCMAX [mW]

	0
	0
	INFINITE
	0

	1
	1
	3
	2

	2
	5
	10
	10

	3
	10
	13
	20

	4
	20
	16
	40

	5
	30
	17.78
	60

	6
	40
	19
	80

	7
	50
	20
	100

	8
	60
	20.79
	120

	9
	70
	21.46
	140

	10
	80
	22
	160

	11
	90
	22.55
	180

	12
	95
	22.79
	190

	13
	99
	22.97
	198

	14
	100
	23
	200

	15
	Reserved
	N/A
	N/A


Proposal 2: 4-bit signaling is introduced for PMeNB and PSeNB respectively to support [0%, 100%]. The step size in Table 1 can be considered.
2.2 Look-ahead aspects
Whether look-ahead is supported or not in synchronized and/or unsynchronized cases in dual connectivity is FFS. The main problem for UE to support look-ahead is UE processing time reduction. The UE processing time reduction in unsynchronized case is illustrated in Figure 1. It is also applicable for synchronized case with subframe number i=j and Δt1≤33μs according to RAN4’s reply LS in [2]. 
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Figure 1: UE processing time reduction illustration
It is observed that UE processing time reduction due to look-ahead is equal to UE receive timing difference. To be more specific, it is the receiving timing difference between the two downlink subframes corresponding to the overlapped uplink subframes in two CGs. 
Observation 1: UE processing time reduction due to look-ahead is equal to UE receive timing difference.

Therefore, it is proposed that UE determines whether look ahead or not based on receive timing difference. UE shall look ahead when receive timing difference≤y μs. Otherwise, UE does not look ahead.

The maximum timing advance is 0.67ms and the minimum UE processing time to look ahead is 3-TA-Δt. The minimum UE processing time in multiple TAGs, synchronized case and unsynchronized case are listed below.
Table 2: Minimum UE processing time

	
	Maximum receive timing delay
	Minimum UE processing time

	Multiple TAGs
	30.26μs
	2299.74μs

	Synchronized case in dual connectivity
	33μs
	2297μs

	Unsynchronized case in dual connectivity
	1ms
	1330μs


It is observed that the minimum UE processing time in synchronized case is very close to that in multiple TAGs. However, minimum UE processing time in unsynchronized case can be very limited. It is proposed that the maximum receive timing difference when UE shall look ahead is 33μs.
Proposal 3: UE shall look ahead when receive timing difference≤33 μs. Otherwise, UE does not look ahead.

Furthermore, as the maximum receive timing difference is close to that in multiple TAGs, same handling of subframe i and overlapped portion of the first symbol of subframe i+1 in different TAGs in MTA can be applied to subframe j and overlapped portion of the first symbol of subframe i+1 in different CGs where j can be the same as i or not. 
Proposal 4: The handling of subframe j and overlapped portion of the first symbol of subframe i+1 in different CGs is the same as the handling of subframe i and overlapped portion of the first symbol of subframe i+1 in different TAGs in MTA.

2.3 Priority rule
The following agreements were reached in RAN1#77.
Agreements:
· In both synchronous and asynchronous cases:

· If look-ahead is supported or in synchronous case

· All the remaining power can be used

· For the remaining power, priority is determined based on UCI type across CG for channels not satisfied by P_SeNB or P_MeNB

· FFS on details

· Giving all the remaining power to a CG is not precluded

The above agreements are for at least PUCCH/PUSCH. An email discussion was initiated after the meeting to discuss the details of priority rule across CGs.
There were basically two approaches proposed by companies.
· Approach 1: PUCCH>PUSCH with UCI>PUSCH without UCI.

· Approach 2: SR>HARQ-ACK>CSI>data.
MCG wins tie-breaks in both approaches.

In Rel-11, UCI is transmitted on either PUCCH or PUSCH in most cases. In these cases, PUCCH or PUSCH with UCI has the highest priority. The only case of PUCCH and PUSCH with UCI concurrent transmission is when UE needs to transmit HARQ-ACK and/or SR simultaneous with CSI in the same subframe. In this case, PUCCH has higher priority than PUSCH with UCI and HARQ-ACK and/or SR are transmitted on PUCCH while CSI is transmitted on PUSCH. Therefore, PUCCH>PUSCH with UCI is equivalent with HARQ-ACK and/or SR>CSI. 
Observation 2: Both approaches are basically equivalent in Rel-11 and aligned with Rel-11 principle.
In Rel-12 dual connectivity, new concurrent transmissions in different CGs occur. The following table captures the higher priority CG according to the above two approaches respectively. 
Table 3: Comparison of two priority rules in dual connectivity
	
            MCG
SCG
	PUCCH
	PUSCH with UCI
	PUSCH w/o UCI

	
	PUCCH with SR
	PUCCH with ACK/NACK
	PUCCH with CSI only
	PUSCH with ACK/NACK
	PUSCH with CSI only
	PUSCH w/o UCI

	PUCCH
	PUCCH with SR
	Approach1

Approach2
	MCG

MCG
	MCG

SCG
	MCG

SCG
	SCG

SCG
	SCG
SCG
	SCG
SCG

	
	PUCCH with ACK/NACK
	Approach1

Approach2
	MCG

MCG
	MCG

MCG
	MCG

SCG
	SCG

SCG
	SCG

SCG
	SCG

SCG

	
	PUCCH with CSI only
	Approach1

Approach2
	MCG

MCG
	MCG

MCG
	MCG

MCG
	SCG

SCG
	SCG

SCG
	SCG

SCG

	PUSCH with UCI
	PUSCH with ACK/NACK
	Approach1

Approach2
	MCG

MCG
	MCG

MCG
	MCG

SCG
	MCG

MCG
	MCG

SCG
	SCG

SCG

	
	PUSCH with 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


In most cases, the two approaches result in the same higher priority CG. Two approaches result in different higher priority CGs are highlighted.
There are four cases in which CSI in PUCCH/PUSCH in MCG is prioritized over SR/HARQ-ACK in SCG according to approach 1. It is obvious that CSI with higher priority than SR/HARQ-ACK does not make sense. Another case is PUCCH with HARQ-ACK in MCG vs. PUCCH with SR in SCG. If HARQ-ACK has higher priority, there is a risk that SR transmission will be largely delayed due to continuous HARQ-ACK transmissions in MCG. Therefore, approach 2 is more appropriate in Rel-12 dual connectivity.
Observation 3: Approach 2 (SR>HARQ-ACK>CSI>data and MCG wins tie-breaks) is more appropriate in dual connectivity.
Proposal 5: For PUCCH/PUSCH remaining power allocation, priority rule is SR>HARQ-ACK>CSI>data and MCG wins tie-breaks.
2.4 Power control for PRACH and SRS

The agreed power control framework for PUCCH/PUSCH is as follows.
· In both synchronous and asynchronous cases, at least for PUCCH/PUSCH
· Minimum guaranteed power allocation P_SeNB and/or P_MeNB can be configured
· P_SeNB >=0, P_MeNB >=0
· FFS: P_SeNB+P_MeNB <= PCmax
· FFS: P_SeNB+P_MeNB <= 100%
· The total power allocation per CG Palloc_xeNB can be determined by 
(1) Power allocation up to P_SeNB and P_MeNB (i.e. Ppre_SeNB and Ppre_MeNB) 
· At first, UE needs to allocate power per each eNB up to P_SeNB or P_MeNB (if configured) respectively regardless of priority rule if transmission is scheduled
· Ppre_xeNB = min {power based on actual grant/assignment and TPC commands, P_xeNB}
(2) Plus allocation of remaining power
The power control for PRACH and SRS is FFS. 
PRACH shall have higher priority than PUCCH/PUSCH transmission following Rel-11 principle. Therefore, before allocating power to PUCCH/PUSCH, transmission power of PRACH shall be satisfied as much as possible. Furthermore, based on the agreement that PRACH to PCell has the highest priority, PRACH to PCell shall have higher priority than PRACH to other cell(s).
Proposal 6: Before allocating power to PUCCH/PUSCH, transmission power of PRACH (if any) shall be satisfied as much as possible. PRACH to PCell has higher priority than PRACH to other cell(s).
In contrast, SRS shall have lowest priority following Rel-11 MTA principle. It is proposed that remaining power after power allocation to PUCCH/PUSCH (if any) is allocated to SRS. Furthermore, power scaling and/or dropping within a CG follow the existing rule.
Proposal 7: Remaining power after power allocation to PUCCH/PUSCH (if any) is allocated to SRS.
Proposal 8: Power scaling and/or dropping within a CG follow the existing rule.
2.5 Network coordination on UL transmit power allocation
Network coordination on uplink transmit power allocation was extensively discussed after RAN1#77. It was widely agreed that MeNB should determine the minimum guaranteed power P_SeNB and sends it to SeNB via backhaul signaling. In addition, P_MeNB or P_SeNB,max shall also be sent to SeNB for scheduling purpose. MeNB would signal P_MeNB and P_SeNB to UE if configured. In that sense, it is straightforward that MeNB sends P_MeNB and P_SeNB to SeNB. SeNB can decide aggressive or conservative scheduling based on P_SeNB. The additional benefit of sending P_SeNB,max compared to P_MeNB is not clear. 
Therefore, it is proposed that MeNB determines the minimum guaranteed power for the MeNB and SeNB (P_MeNB and P_SeNB) and sends P_MeNB and P_SeNB to SeNB via backhaul signaling.

Proposal 9: MeNB determines the minimum guaranteed power for the MeNB and SeNB (P_MeNB and P_SeNB) and sends P_MeNB and P_SeNB to SeNB via backhaul signaling.
3 Conclusions
In this contribution, we discuss the uplink power control method for dual connectivity, and have the following proposals:
Proposal 1: Confirm the working assumption that PMeNB and PSeNB are defined as ratios of PCMAX.
Proposal 2: 4-bit signaling is introduced for PMeNB and PSeNB respectively to support [0%, 100%]. The step size in Table 1 can be considered.
Proposal 3: UE shall look ahead when receive timing difference≤33 μs. Otherwise, UE does not look ahead.

Proposal 4: The handling of subframe j and overlapped portion of the first symbol of subframe i+1 in different CGs is the same as the handling of subframe i and overlapped portion of the first symbol of subframe i+1 in different TAGs in MTA.

Proposal 5: For PUCCH/PUSCH remaining power allocation, priority rule is SR>HARQ-ACK>CSI>data and MCG wins tie-breaks.
Proposal 6: Before allocating power to PUCCH/PUSCH, transmission power of PRACH (if any) shall be satisfied as much as possible. PRACH to PCell has higher priority than PRACH to other cell(s).
Proposal 7: Remaining power after power allocation to PUCCH/PUSCH (if any) is allocated to SRS.
Proposal 8: Power scaling and/or dropping within a CG follow the existing rule.
Proposal 9: MeNB determines the minimum guaranteed power for the MeNB and SeNB (P_MeNB and P_SeNB) and sends P_MeNB and P_SeNB to SeNB via backhaul signaling.
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