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1. Introduction

In RAN1 #76bis, the following working assumption is made.

Working assumption:

· Power control changes are not allowed one carrier in the middle of subframe in asynchronous case in dual connectivity

Also, various views on UL power control in dual connectivity from different companies are captured based on discussions in RAN1 e-mail reflector [1]. For unsynchronized dual connectivity, the following answers to the questions and agreements are made:

Agreement

· Continue discussion in RAN1#77 what the definition of power-limited is, taking into account the exact power-control mechanisms of dual connectivity.

· FFS whether/how to specify synchronized and unsynchronized.

Answer to the Question 3’
· If dynamic power-sharing between eNBs/CGs is introduced for unsynchronized case, and if prioritizing the first in time transmission is not introduced, UE needs to take into account of power requirement of the other eNB/CG before allocating its available power for the first eNB/CG, in the following two cases.

· Case 1) When the first eNB/CG is MeNB/MCG,

· Case 2) When the first eNB/CG is SeNb/SCG.

Note: The first eNB/CG is the eNB/CG which is earlier in the timing.

Note: “Taking into account” does not necessary mean to reduce the power.

Note: On-going transmission in a subframe should always be maintained.
Agreement

· Consider the above answer to the Question 3’ as RAN1’s baseline understanding

· Continue discussion in RAN1#77 on whether this is actually applied to the unsynchronized case and what the priority order of the channels/signals between eNBs/CGs including the level of UE implementation flexibility is.

Answer to the Question 4

· There is no consensus on whether or not the processing time reduction is acceptable, and further discussion is necessary.
Agreement

· Continue discussion in RAN1#77 together with the exact power-control mechanisms.
This contribution focuses on the power control in unsynchronized dual connectivity, we present our views on the corresponding issues, i.e. whether to have the processing time reduction, how to define power-limited case and how to take into account of power requirement of the other eNB/CG. Moreover, “double power scaling” is proposed to handle the UL power control in double power-limited case of unsynchronized dual connectivity regardless of the outcome of prioritization rule in dual connectivity. On the other hand, how dynamic power-sharing is applied is discussed separately in another contribution [2].
2. Discussion
2.1 UE Processing Time Reduction
In [1], whether additional processing time reduction (maximum close to 1 ms) is acceptable is discussed. It is true as stated by some companies that the additional processing time reduction leads to only 1.33 ms available for UE processing time if ePDCCH is configured. An additional strain is put on UE implementation. However, the processing time is only reduced for power control part and we still think it is acceptable. Moreover, if additional processing time reduction is not acceptable, the UL power control can only be handled by either always specifying PMeNB and PSeNB where PMeNB+PSeNB<=PCMAX or having earlier transmission of the other eNB/CG always be prioritized. It is obvious that both solutions suffer from power efficiency degradation. On the other hand, the working assumption in [1] states that dynamic power-sharing is supported. Having unified solution for both synchronous and asynchronous is highly desirable.
The problem of UE processing time reduction was discussed in ePDCCH discussion. The conclusion is that additional timing relaxation is not necessary since the stringent processing time is only accompanied with large TA value. Large transport blocks are seldom scheduled to cell-edge UEs in cell with large radius. Considering unsynchronized dual connectivity, stringent processing time similarly happens with large TA value. If there are strong concerns on UE processing time reduction. We suggest that TB size restriction applies when TA value is above some threshold.
Proposal 1: Additional processing time reduction is acceptable from our perspective. If there are strong concerns on UE processing time reduction, having TB size restriction when TA value is above some threshold can be considered.
2.2 Power-limited Cases in Unsynchronized Dual Connectivity
Power scaling is applied when power-limited case happens. In unsynchronized dual connectivity, power-limited should be defined first. Based on our proposal 1 mentioned above, it is reasonable that UE needs to take into account of power requirement of the other eNB/CG before allocating its available power for the first eNB/CG. For a certain eNB/CG, power-limited case happens when the transmit power of any of the two overlapped portions exceeds PCMAX. For example, as depicted in fig. 1, for subframe n of MeNB, it is considered power-limited if transmit power of any of the overlapped portions exceeds PCMAX. When only one overlapped portion exceeds PCMAX, it is considered as single power-limited case. When both overlapped portions exceed PCMAX simultaneously, it can be considered as double power-limited case.
Proposal 2: Power-limited case in unsynchronized dual connectivity happens when the transmit power of any of the two overlapped portions exceeds PCMAX. When only one overlapped portion exceeds PCMAX, it is considered as single power-limited case. When both overlapped portions exceed PCMAX simultaneously, it can be considered as double power-limited case.
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Figure 1 An example of overlapped portions of a subframe of MeNB

2.3 Double Power Scaling in Unsynchronized Dual Connectivity
Based on some new prioritization rules, power scaling can be done between MeNB and SeNB in synchronized dual connectivity. Yet, the situation becomes more complicated in unsynchronized dual connectivity due to power consideration to the other eNB. As mentioned above, when single power-limited case happens, it is similar to power-limited case in synchronized dual connectivity and the same power scaling can be reused. On the other hand, when double power-limited case happens, the same power scaling cannot be directly reused. In this contribution, we propose to use double power scaling which can be simply extended from the power scaling mechanism applied in synchronized dual connectivity regardless of the outcome of the prioritization rule in synchronized dual connectivity in double power-limited case.
In double power scaling, each subframe of one eNB applies power scaling twice if double power-limited case happens. The first power scaling is applied between the subframe of the first eNB and the earlier subframe of the other eNB as the power scaling in synchronized dual connectivity based on the outcome of the exact prioritization rule. The scaled transmit power for each transmission of the first eNB is then regarded as in a transient state. The transient scaled transmit power for each transmission of the first eNB is used for the second power scaling. Specifically, the second power scaling is applied between the subframe of the first eNB and the latter subframe of the other eNB as the power scaling in synchronized dual connectivity based on the outcome of the exact prioritization rule. In the second power scaling, the used original power for each transmission of the first eNB is replaced by the scaled power for each transmission of the first eNB after the first power scaling. After both power scaling are applied, the scaled transmit power for each transmission of the first eNB is determined. Since the power scaling only decreases transmit power, after double power scaling, the power-limited case can be avoided in both portions.

An example of the operation of double power scaling is depicted in fig.2, it is assumed that power scaling happens in every overlapped portion. In fig.2(a), power scaling is applied between subframe n of MeNB and subframe m of SeNB. After that, the transmit power of subframe n of MeNB is determined because there is no transmission to SeNB in an earlier subframe. The scaled transmit power of subframe m of SeNB is then in a transient state. In fig.2(b), power scaling is applied between subframe n+1 of MeNB and subframe m of SeNB by using the transient scaled transmit power of each transmission of subframe m of SeNB and the original transmit power of each transmission of subframe n+1 of MeNB. The transmit power of subframe m of SeNB is determined after double power scaling. And the scaled transmit power of subframe n+1 of MeNB is in a transient state. In fig.2 (c), the procedure continues to the following subframes for both eNBs.
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(a) step 1
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(b) step 2
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(c) step 3
Figure 2 An example of double power scaling
Another possible method to handle UL power control in double power-limited case of unsynchronized dual connectivity is to have two independent power scaling operation on different overlapped portions of the subframe of the first eNB. After that, the transmit power of each transmission of the subframe of the first eNB is determined by the smaller transmit power between two independent output scaled transmit powers of both power scaling operations. However, the abovementioned double power scaling can achieve better power efficiency than independent power scaling operations. The reason is that when applying independent power scaling operations, the assumed transmit power of the subframe of the first eNB for power scaling may be too optimistic and reduces the possibility that the transmissions of the latter subframe of the other eNB acquire some opportunistic power. In contrast, the abovementioned double power scaling uses a transient scaled transmit power for the second power scaling prcoess thus the latter subframe of the other eNB may achieve better opportunistic power gain.
Proposal 3: Double power scaling is proposed for UL power control in double power-limited case in unsynchronized dual connectivity. The outcome of the first power scaling is successively used for the second power scaling. The scaled transmit power is determined after the second power scaling.
3. Conclusion

In this contribution, we discuss UL power control in unsynchronized dual connectivity and have the following proposals:
Proposal 1: Additional processing time reduction is acceptable from our perspective. If there are strong concerns on UE processing time reduction, having TB size restriction when TA value is above some threshold can be considered.

Proposal 2: Power-limited case in unsynchronized dual connectivity happens when the transmit power of any of the two overlapped portions exceeds PCMAX. When only one overlapped portion exceeds PCMAX, it is considered as single power-limited case. When both overlapped portions exceed PCMAX simultaneously, it can be considered as double power-limited case.
Proposal 3: Double power scaling is proposed for UL power control in double power-limited case in unsynchronized dual connectivity. The outcome of the first power scaling is successively used for the second power scaling. The scaled transmit power is determined after the second power scaling.
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