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1. Introduction
In RAN1 #76bis, physical layer aspects of dual connectivity (DC) were discussed focusing on UCI feedback mechanisms and UL power control. As a result, the following agreements were reached [1]:
Working assumption:
· SR transmission is supported on the pSCell.
· Power control changes are not allowed one carrier in the middle of subframe in asynchronous case in dual connectivity.
Agreements:
· With the agreement in RAN1 #76, following UCI feedback mechanisms are supported in Rel-12 dual connectivity.
· In dual connectivity, UEs feedback UCI (SR, HARQ-ACK, CSI) related to MCG to MeNB only.
· In dual connectivity, UEs feedback UCI (SR (if supported), HARQ-ACK, CSI) related to SCG to SeNB only.
· For each UCI feedback, non-dual connectivity based UCI feedback mechanisms using PUCCH/PUSCH are applied within each cell group.
· In dual connectivity, in MCG, PUCCH for MCG is supported in Pcell only, while PUCCH for SCG is supported in pSCell only.
During the email discussion after the meeting, more detailed aspects of the UL power control have been investigated [2]. In this contribution, we show our views on the TPC scheme and related issues for DC.

2. Discussion
2.1. Type of power control
In DC, since schedulers of MeNB and SeNB are independent and the two eNBs are connected via non-ideal backhaul, two or more UL transmissions to both eNBs need be simultaneously transmitted in some TTIs without knowing the other eNB’s scheduling decision at an eNB. Also, the DC UE may not have enough power for simultaneous transmission to both eNBs if a considerable number of small cells are deployed at the edge of the MeNB coverage. In that case, the UE’s total power needs to either be split into two separate parts, or be shared for both eNBs. During the email discussion [2], advantages of dynamic power sharing over semi-static power splitting have been observed, which include that:
· Dynamic power sharing can ensure reliable connection to MCG/MeNB, which is a RAN2 working assumption in R2-141848 [3], with the aid of proper prioritization.
· UE’s transmit power can be fully utilized even with a single UL transmission. In particular, when there is no MeNB transmission, the SeNB can fully appreciate the UL power resources (assuming that the MeNB is high-prioritized).
Considering the above two aspects, dynamic power sharing is helpful to guarantee the UL link performance of both the MeNB and the SeNB for the power-limited UEs. Therefore, our view is that the dynamic power sharing is necessary for DC. Although semi-static power splitting can be allowable or beneficial in some cases, e.g. when the UE is not power-limited, or when the MeNB and the SeNB are not synchronized, the impact of its inefficient power usage still needs to be considered.
Proposal 1: For TPC in DC, at least the dynamic power sharing is supported.
2.2. Necessity of PMeNB and PSeNB
The need of PMeNB and PSeNB, the parameters which denote the maximum power in each CG/eNB, would basically depend on the type of power control mechanisms. It seems clear that they are necessary if the semi-static power splitting is supported. In that case, PMeNB + PSeNB can be set not to exceed PCMAX. However, the benefit of having PMeNB and PSeNB for dynamic power sharing needs further considerations. One potential use case of PMeNB and/or PSeNB would be to guarantee a minimum power level for the low-prioritized eNB [2]. For example, even if the MeNB is high-prioritized, at least PCMAX – PMeNB can be ensured for the SeNB by setting PMeNB to a smaller value than PCMAX. In this usage, PMeNB + PSeNB would exceed PCMAX but not to exceed 2PCMAX. However, assigning more power to the SeNB would lead to the UL link quality degradation in the MeNB. In addition, by allowing PMeNB < PCMAX, the power scaling rules could be complicated. Thus, from our understanding, the benefit of introducing PMeNB and PSeNB for the dynamic power sharing needs to be further discussed. Therefore, whether or not to introduce PMeNB and PSeNB should be decided after the TPC mechanism is agreed. If introduced, higher layer signaling would be suitable for configuring PMeNB and/or PSeNB.
Observation 1: Whether to introduce PMeNB and PSeNB should be decided after the TPC mechanism is agreed. 
2.3. Power scaling rules
When the assigned total transmit power exceeds PCMAX, the DC UE should either down-scale the power not to exceed PCMAX or drop some of the transmissions, as was done in Rel-11 CA with multiple TAGs. This operation is essential for dynamic power sharing, and would also be needed for semi-static power splitting since the transmit power of some channels/signals, e.g. PRACH, may need larger power than the others. The UE may allocate the equally reduced power to both eNBs, but it may lead to the transmission failure at both eNBs. Thus, prioritization rules between different eNBs/channels/signals need to be introduced.
In the current specification, the basic principle of the prioritization between different channels/signals for simultaneous transmission is PRACH > PUCCH > (PUSCH with UCI) > (PUSCH without UCI) > SRS. Within each CG/eNB, it would be sufficient to apply the existing rules.
Between different CGs/eNBs, on the other hand, we have a couple of new channel/signal combinations such as PRACH + PRACH, PUCCH + PUCCH, PUCCH + (PUSCH with UCI), and (PUSCH with UCI) + (PUSCH with UCI). Also a different policy may need to be applied for the existing combinations. According to the RAN2 observation [3], (PUSCH without UCI) for MeNB can be as important as PUCCH and (PUSCH with UCI). Taking this as the baseline, we discuss the following two alternatives.
Alt. 1: MeNB is high-prioritized in every UL subframe.
In this option, the MeNB always has high priority. The UE first allocates the power for the MeNB transmission within PCMAX or possibly within PMeNB, and if left, use the residual power to the SeNB transmission. Among the PUCCH and the PUSCH transmissions, the following prioritization can be considered.
· PUCCH for MeNB > (PUSCH with UCI) for MeNB > (PUSCH without UCI) for MeNB > PUCCH for SeNB > (PUSCH with UCI) for SeNB > (PUSCH without UCI) for SeNB
According to this priority order, the UCI of the MeNB is always served first and the UCI of the SeNB is always served later regardless of the contents of the UCI (SR, HARQ-ACK and/or periodic CSI). This simplifies the overall TPC scheme. 
When the PRACH is simultaneously transmitted with the PUCCH/PUSCH, the PRACH needs to be always high-prioritized. When the PRACHs in the MeNB and the SeNB are transmitted simultaneously, the PRACH in the MeNB can have higher priority based on the observation from RAN2 [2].
· PRACH for MeNB > PRACH for SeNB > PUCCH/PUSCH for MeNB > PUCCH/PUSCH for SeNB
Alt. 2: MeNB is high-prioritized in some UL subframes and SeNB is high-prioritized in the rest UL subframes.
In Alt. 1, since the MeNB always has higher priority, some UEs may fail to transmit the UL data for the SeNB for long time duration. If the UCI is continually not correctly decoded, the DL throughput achieved by the SeNB would be degraded and the DC operation rather brings negative impact to those UEs. In contrast, Alt. 2 allows some UL subframes for the SeNB to have higher priority, from which the power starvation of the SeNB can be prevented.
To support Alt. 2, the two sets of UL subframes can be introduced: one for the MeNB’s priority (subframe set 0) and the other for the SeNB’s priority (subframe set 1). If they are always in a complementary relation, it would be sufficient to introduce only a single set. For the prioritization rule of subframe set 1, only the priority order between the PUCCH/PUSCH of the MeNB and the SeNB could be reversed such that
· PRACH for MeNB > PRACH for SeNB > PUCCH/PUSCH for SeNB > PUCCH/PUSCH for MeNB.
One necessary condition for this UL subframe-dependent prioritization is that the SFN offset between the MeNB and the SeNB should be shared among the two eNBs and the UE. In RAN2 #85bis, RAN2 agreed to assume that the UE estimates the SFN offset by acquiring the MIB of the pSCell and the network obtains the SFN offset either based on a network based mechanism or by UE reporting [4]. If this assumption is found to be feasible from RAN3 or RAN4, Alt. 2 can be considered as an option to improve the balance between the throughput and the mobility performance of the DC UEs.
Proposal 2: One of the following prioritization rules for UL power control can be considered in DC.
-  Alt. 1: MeNB is high-prioritized in every UL subframe. The prioritization can be
· PUCCH for MeNB > (PUSCH with UCI) for MeNB > (PUSCH without UCI) for MeNB > PUCCH for SeNB > (PUSCH with UCI) for SeNB > (PUSCH without UCI) for SeNB
· PRACH for MeNB > PRACH for SeNB > PUCCH/PUSCH for MeNB > PUCCH/PUSCH for SeNB
-  Alt. 2: MeNB is high-prioritized in some UL subframes and SeNB is high-prioritized in the rest UL subframes. The prioritization of the latter case can be
· PRACH for MeNB > PRACH for SeNB > PUCCH/PUSCH for SeNB > PUCCH/PUSCH for MeNB
2.4. PHR issue
In RAN2 #85, it was decided that PHs of all activated cells are reported to both the MeNB and the SeNB. One of remaining issues to be decided in RAN1 is whether to use actual PH or virtual PH for reporting the other eNB’s power headroom information. From the virtual PH, the UE’s capability of the transmit power or the pathloss information can be estimated, but not any of the current scheduling information. On the other hand, the actual PH transmission would not be useful for the DC scenario because the non-ideal backhaul between the MeNB and the SeNB induces delays. For efficient TPC and scheduling decisions in DC, additional scheduling information needs to be reported together with the actual PH. The additional information may include the resource allocation, e.g. the number of RBs, and/or the knowledge of the presence of PUCCH transmission.
Proposal 3: For other eNB’s PH reporting in DC, UE should report actual PH with additional scheduling information.
3. Conclusions
In this contribution, we have discussed our views on the TPC and the related issues for DC and proposed the followings.
Proposal 1: For TPC in DC, at least the dynamic power sharing is supported.
Observation 1: Whether to introduce PMeNB and PSeNB should be decided after the TPC mechanism is agreed. 
Proposal 2: One of the following prioritization rules for UL power control can be considered in DC.
-  Alt. 1: MeNB is high-prioritized in every UL subframe. The prioritization can be
· PUCCH for MeNB > (PUSCH with UCI) for MeNB > (PUSCH without UCI) for MeNB > PUCCH for SeNB > (PUSCH with UCI) for SeNB > (PUSCH without UCI) for SeNB
· PRACH for MeNB > PRACH for SeNB > PUCCH/PUSCH for MeNB > PUCCH/PUSCH for SeNB
-  Alt. 2: MeNB is high-prioritized in some UL subframes and SeNB is high-prioritized in the rest UL subframes. The prioritization of the latter case can be
· PRACH for MeNB > PRACH for SeNB > PUCCH/PUSCH for SeNB > PUCCH/PUSCH for MeNB
Proposal 3: For other eNB’s PH reporting in DC, UE should report actual PH with additional scheduling information.
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