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1. Introduction

In RAN1#76bis, several issues on TPC for Dual Connectivity [1] were discussed and the following working assumption was made [2].
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In this contribution we discuss TPC aspects for Dual Connectivity. 
2. Discussion
2.1. Issues on power allocation for MCG and SCG
In Dual Connectivity, two serving cell groups (CGs) are configured. MCG is a CS that consists of serving cells of MeNB while SCG corresponds to SeNB. 
In RAN2#85bis, the following working assumption was made. From the RRC point of view, MCG is an anchor for mobility control. Besides RRC messages, MCG may also be used for VoLTE calls. Therefore, if the Dual Connectivity can be configured even for power-limited UEs, the power allocation for the MCG should be prioritized over the SCG in order to keep the MCG connection. For example, even the PUSCH transmission on MCG may have higher priority than a PUCCH transmission on SCG.
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Proposal 1:
· For power-limited UE, any channel/signal (e.g. PUCCH/PUSCH/PRACH) of MCG should be always prioritized over any channel/signal of SCG.

2.2. Possible power allocation schemes
Power allocation schemes between CGs could be classified into broad alternatives with respect to the maximum transmission power setting.
· Alternative 1: Static power allocation per CG
· Alternative 2: Power sharing between CGs
In Alternative 1, the transmission power of a CG is always restricted by a predetermined maximum value independently of the actual transmission power for the other CG. The value could be configured by the network or it is possibly fixed, e.g. 20 dBm per CG. Alternative 1 can be achieved with simpler implementation for both eNB and UE. However, it causes throughput loss, since UE’s transmission power capacity cannot be fully utilized.
On the other hand, Alternative 2 allows utilizing remaining power of a CG for the other CG. Considering UL data offloading from the macro layer to the small cell layer, a typical situation is that the traffic on the MCG is intermittent since transportation of higher layer control messages is dominant. Meanwhile, burst data traffic occurs in the SCG. In this instance, it is beneficial that transmission power is allocated to the SCG PUSCH transmission as long as the MCG does not require such high transmission power. Therefore, power sharing between CGs should be introduced for Rel-12 Dual Connectivity.
Proposal 2:
· At least power sharing between CGs should be introduced for Rel-12 Dual Connectivity.

2.3. Power sharing between unsynchronized CGs
For unsynchronized CGs, a significant issue is the power allocation between earlier and later subframes. The current RAN1 specifications define only simultaneous power allocation for all component carriers (including multiple TA case) since the Carrier Aggregation (CA) is not allowed to be used for unsynchronized carriers, i.e. a relative propagation delay difference has to be up to 30 (s among the component carriers in CA. However, when MeNB and SeNB are unsynchronized and there is a time difference of up to 1 ms in terms of the starting point of their subframes, those subframes are partially overlapped. In this instance, it may be necessary to study how the power allocation for the earlier subframe is performed prior to that for the later subframe.

Designing TPC for Dual Connectivity, this issue should be taken into account together with the prioritization of the MCG. In some cases, it may be necessary to investigate some special behaviors to solve them at the same time. For instance, a power-limited UE receives a single UL grant for PUSCH transmission in the SCG and after only 0.9 ms of that reception the UE receives another UL grant for PUSCH transmission in the MCG. In this case, if the UE allocates close-to-capacity power for the earlier PUSCH transmission, the UE may not have sufficient power for the PUSCH transmission toward the MeNB.

The simplest solution is that the UE recognizes and takes into account the required transmission power for the later subframe on MCG prior to the power allocation for the earlier subframe in SCG. More specifically, a normal UL transmission (e.g. PUSCH) is triggered by UL grant which has been received at least 4 ms before the UL transmission. If the power allocation for the UL subframe within 3ms even considering the required power for an overlapping later subframe, then the prioritization rules for the unsynchronized case can be as simple as for the synchronized case. Although this method requires processing time reduction, it is beneficial that MCG power allocation for overlapping subframes (including later subframe) is available when SCG power is calculated.

Observation 1:
· Processing time reduction is beneficial to allow an efficient power allocation between unsynchronized CGs in dual connectivity.

2.4. Network assistance for power sharing
Network assistance for power sharing was a main topic in the email discussion after RAN1#76bis. At first, PMeNB and PSeNB as parameters representing some kind of maximum output power for MeNB and SeNB were proposed per CG for static power allocation. Then, some companies mentioned that they can also be applied in the power sharing case. 

For dynamic power-sharing, we think MCG connection should be always prioritized over SCG. According to this principle, the maximum output power for MeNB should be PCMAX so that the MCG connection is as robust as in a single connectivity case. Then, all remaining power can be utilized for UL transmissions for SeNB, namely maximum output power for SeNB is PCMAX – PMCG, where PMCG is an actual transmission power in MCG. Further coordination among CGs is not required and Rel-11 CA power scaling is applied within each CG. Therefore, for dynamic power-sharing, it is unclear if PMeNB and PSeNB need to be defined or higher layer configured, since transmission power for MeNB and SeNB can be obtained from the existing PCMAX. However, if a static power allocation scheme is also supported as well as the power sharing, higher layer configured PMeNB IE and PSeNB IE should be supported to enable the static power allocation scheme. It comes to that we will study how to apply those parameters to TPC formulations in RAN1.
In the e-mail summary [3], it was clarified that there were four candidates for the dynamic power-sharing:

· Candidate 1: Dynamic power-sharing without PMeNB and PSeNB
· Candidate 2: Dynamic power-sharing with PMeNB and PSeNB, where maximum transmit power per eNB/CG cannot exceed PMeNB or PSeNB
· Candidate 3: Dynamic power-sharing with PMeNB and PSeNB, where maximum transmit power per eNB/CG can exceed PMeNB or PSeNB
· Candidate 4: Dynamic power-sharing with PMeNB and PSeNB, where PMeNB / PSeNB are the signalling exchanged b/w eNBs (not signalled to UE)
In terms of the necessity of PMeNB and PSeNB for dynamic power-sharing, the instance explained above belongs to Candidate 1. However, if the terms PMeNB and PSeNB are used for clarifying principles of the candidates and might not be directly linked to parameters in the specifications, our proposal can be categorized as Candidate 2, where PMeNB and PSeNB are assumed as PMeNB = PCMAX (or a higher-layer configured value if its configurability is necessary) and PSeNB = PCMAX - PMCG respectively.
Proposal 3:
· For dynamic power-sharing, higher layer configured PMeNB and PSeNB are not necessary.

· Maximum output power for MCG is PCMAX and then SCG can utilize up to all remaining power.
· If a static power allocation scheme is also supported as well as the power sharing, higher layer configured PMeNB and PSeNB should be supported to enable the static power allocation scheme.
3. Conclusion
In this contribution, we propose:

Proposal 1:
· For power-limited UE, MCG connection should be always prioritized over SCG.

Proposal 2:
· Power sharing between CGs should be introduced for Rel-12 Dual Connectivity.

Proposal 3:
· For dynamic power-sharing, higher layer configured PMeNB and PSeNB are not necessary.

· Maximum output power for MCG is PCMAX and then SCG can utilize up to all remaining power.
· If a static power allocation scheme is also supported as well as the power sharing, higher layer configured PMeNB and PSeNB should be supported to enable the static power allocation scheme.
Furthermore, we make the following observation:

Observation 1:
· Processing time reduction is beneficial to allow an efficient power allocation between unsynchronized CGs in dual connectivity.
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Working assumption:


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





Working Assumption


1	The MCG serving cells carry SRBs and are therefore essential for maintaining the connection towards the UE. 


2	The preamble transmission in the PCell is considered more important than preamble transmission in any other cell.
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