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1 Introduction

Upon the email discussion [78-08] about transmission power control in dual connectivity after RAN1#78 meeting, the email discussion for dual connectivity is summarized as below: 
· Case 1: MeNB and SeNB consider itself as a synchronized case and the maximum received timing different between signals from PCell and pSCell is equal to or less than 33us and the maximum uplink timing difference between signals to PCell and pSCell is equal to or less than [33us]. 

· Case2: MeNB and SeNB consider itself as a asynchronized case and the maximum uplink timing difference between signals to PCell and pSCell is larger than [33us].

· Case3: MeNB and SeNB consider itself as a synchronized case and the maximum uplink timing difference between signals to PCell and pSCell is larger than [33us].

· Case4: MeNB and SeNB consider itself as a asynchronized case and the maximum uplink timing difference between signals to PCell and pSCell is equal to or less than [33us].
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.
Based on the agreements and the above observation, it can be understood that the following has been agreed. 

· For Case 1, DC power control mode 1 is applied.
· For Case 2, DC power control mode 2 is applied.
For case 3, this case is not an existing case for synchronous network. If the MeNB and SeNB can consider itself as synchronized, RAN 4 requirement defined for network is 3us time difference for DL transmission. In this case, the UL transmission timing difference should be no larger than [33us] according to the network deployment. 

Therefore, this contribution we only discuss UE behaviour in case 4 asynchronous dual connectivity and provide our preference. 

2 Considerations on the applications of DC power control modes
2.1 The necessity to maintain the same understanding on PC mode between eNB and UE
In asynchronous dual connectivity network, it is reasonable to assume that one eNB knows neither the scheduling information of the other eNB timely nor the current timing difference between eNBs. 
An eNB is not sure when the UE is power limited and it does not know the scheduling information of the other eNB. For DC power control mode 1, the transmission power for each UL channel is decided by priority of actually scheduled UL channels of both MeNB and SeNB. For DC power control mode 2, the priority of the latter subframe is lower than the earlier subframe, if the UE transmission power is limited, only guarantee power can be used for the latter subframe. For either DC power control mode 1 or 2, even with exact scheduling in continuous subframes, the channels that would be power scaled can be different from subframe to subframe, depending on the scheduling of the other eNB. 
Therefore, each eNB does not have enough knowledge of which UL channel will be scaled down or dropped, and the impact by these two power control modes is similar. With either power control mode, what one eNB can see is that some lower prioritized channels/signals are power scaled. 
Proposal 1: It is not necessary to ensure that eNB and UE have the same understanding on which DC power control mode is used. 

As discussed in [1] and [2], comparing with DC power control mode 2, DC power control mode 1 could ensure transmit power for higher prioritized UCI/channel in case 4.Therefore, we propose that DC power control mode 1 can be used in case 4, but not DC power control mode 2. For asynchronous DC network, UE could choose between power control mode 1 and mode 2 according to UL transmission time difference. The determination of UL transmission time difference between CGs has minor impact on UE complexity since the UE always needs to measure the UL transmission timing for each scheduled UL subframe. 
For DC power control mode 2, we observed that this scheme is not feasibile when UL transmission time difference is very small between two CGs, since the later transmitted eNB’s power scaling calculation depends on the input from early transmitted eNB’s power allocation result. We give more detailed analysis in the next section 2.2. Regardless of network signaling is used or not, it is proposed that UE determines DC power control mode by UL transmission timing difference.
Proposal 2: UE should determine DC power control mode by UL transmission timing difference.
According to agreements in the last meeting, there are two options in UE based solution:

· Option 2-A: UE signals which DC power control mode is used 

· Option 2-B: UE does not signal which DC power control mode is used
According to above discussion, there is no obvious motivation and benefit to introduce UE signaling to indicate which power control mode is used , since it is not necessary to ensure eNB and UE have the same understanding on DC power control mode.
Proposal 3: UE does need to indicate which DC power control mode is used.  

2.2 The feasibility of DC power control mode 2 with small UL transmission time difference between CGs

According to Rel-11discussion in [4], UE shall be capable to handle up to 32.47us UL time difference between pTAG and sTAG. Since there is no consensus on acceptable UE processing time reduction during look-ahead discussion, we assume 32.47us is the maximum margin for UE process time, i.e. UE can delay the processing for at most 32.47us, or complete all UE processing in advance for at most 32.47us. As shown in Figure1, for MeNB, all of the UE processing can be finished in advance of 32.47us before subframe i+4.
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Figure 1, Illustration for DC power control mode 1 with small UL transmission timing difference

As shown in Figure 1, we give a more relaxed assumption that part of the processing can be carried in parallel, e.g., PDCCH decoding time， scheduled power calculation for each channel (T1). However, at least the processing for power scaling and RF preparation (T2) has to be done in a serial between two CGs since the latter subframe needs the calculation result of transmission power of the early subframe. 
Even with such a relaxed assumption, we can find that 

· Case A: If UE required RF preparation time and power scaling time (T2) < (UL transmission time difference + UE process time margin), the DC power control mode 2 is applicable for UE

· Case B: If UE required RF preparation time and power scaling time (T2) > (UL transmission time difference + UE process time margin), the DC power control mode 2 is not applicable for UE 

For case B, the power scaling calculation of the later transmitted subframe cannot get the  power allocation result of early transmitted subframe in time, and the later subframe does not get enough time to finish all the power allocation  processing before subframe j+4.
Even if for the asynchronous dual connectivity network, the UL transmission time difference can be very small between two CGs, one extreme case is 0us, DC power control mode 2 is only feasible when T2 is less than 32.47us, otherwise DC power control mode 2 is not feasible. However, the length of T2 (power scaling and RF preparation time) depends on the UE implementation, and it is not proper to claim such assumption that T2 is less than 32.47us in standard. 

Therefore, if the UL time difference is less than [33 us], the reasonable method is using DC power control mode 1 in case 4.

Proposal 4: DC power control mode 1 should be applied when the maximum uplink timing difference between signals to PCell and pSCell is equal to or less than [33us] in asynchronous dual connectivity. 
3 UE behaviour for small overlapped portion
In the RAN1#78 meeting, the agreement about MTA-like operation is as follows:
· When UE applies priority rule for PUCCH/PUSCH across CGs, 

· Same handling with MTA of CA i.e. RAN1 spec is written as if all subframes are aligned and total transmission power should not exceed P_cmax on any overlapped portion.
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Figure 2 An example of same handling with MTA of CA
In asynchronous DC network, the UL transmission timing of subframe i and j also can be almost aligned, subframe i is slightly latter than subframe j and the UL time difference is less than [33us]. As shown in Figure 2, for subframe i and j+1, these two subframe has large UL transmission time difference, and the overlapped portion is small. 
For this small overlapped potion, the same handling with MTA of CA should be applied, i.e., the power control for subframe i and j+1 should be up to UE implementation and the total transmission power should not exceed P_cmax on any overlapped portion.  
Therefore, we propose:

Proposal 5: UE applies the same handling with MTA of CA when the overlapped portion between the subframes is less than [33us] in asynchronous dual connectivity. 
4 Conclusions
In this contribution we investigate DC power control mode application in synchronous and asynchronous dual connectivity, and the definition of MTA condition in dual connectivity is discussed. Based on the analysis we have the following observation and proposals:
Proposal 1: It is not necessary to ensure that eNB and UE have the same understanding on which DC power control mode is used. 

Proposal 2: UE should determine DC power control mode by UL transmission timing difference.
Proposal 3: UE does need to indicate which DC power control mode is used. 
Proposal 4: DC power control mode 1 should be applied when the maximum uplink timing difference between signals to PCell and pSCell is equal to or less than [33us] in asynchronous dual connectivity. 
Proposal 5: UE applies the same handling with MTA of CA when the overlapped portion between the subframes is less than [33us] in asynchronous dual connectivity. 
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