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1 Introduction

A WI on Dual Connectivity (DC) operation was agreed in [1]. According to the WID, a UE with multiple Rx/Tx capability in RRC_CONNECTED state is configured to utilize radio resources provided by two independent schedulers located in a Master eNB (MeNB) and a Secondary eNB (SeNB). 

Due to independent schedulers at the MeNB and the SeNB and the non-zero latency of the backhaul link, it can be possible for a UE that a combined power of a first transmission to the MeNB and of a second transmission to the SeNB in a same subframe exceeds a maximum power value, 
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, configured to the UE by the MeNB.   

This contribution considers power allocation aspects for UL transmissions to the MeNB and to the SeNB.  
2 UL Transmission Power to MeNB and to SeNB
In RAN1#76, it was agreed that DC should support both the scenario where a UE can assume a maximum received timing difference between the MeNB and the SeNB to be similar to Rel-11 and the scenario where the UE cannot make any assumption for the maximum received timing difference. 

Fundamentally, DC differs from CA in that the backhaul link latency is non-ideal. This creates a series of issues, such as having independent schedulers at the MeNB and the SeNB, but it is basically irrelevant to whether synchronization can be achieved in a network or to whether there should be a difference in that respect between DC and CA. Existing networks already achieve synchronization, regardless of the latency of a backhaul link, through means such as GPS or other network assisted means (as discussed in the small cell WI). Synchronized operation also allows for operational efficiencies, as it can minimize dropped transmissions from a UE, and in TDD systems it is practically mandatory. 
With respect to UL power control, regardless of synchronized (similar to Rel-11) or non-synchronized DC operation, it is beneficial for the MeNB to inform the SeNB of a maximum power, 
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, it can assume available for a UE when making scheduling decisions for the UE. As for CA, the UE can be configured a 
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 per cell and this provides all the required flexibility for the network to assign a total transmission power to the UE in each eNB. 
In one extreme, for the cells of the MeNB or the SeNB that are configured to the UE for UL transmissions, a power allocation can be 
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 in each of the MeNB and the SeNB in order to allow operation with maximum UE transmission power in each cell but also have the largest likelihood of dropped transmissions. In the other extreme, it can be 
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 for the configured cells of the MeNB, and 
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 for the configured cells of the SeNB where 
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. In this manner, a hard limit is applied to the UE transmission power in each eNB, dropped transmissions due to simultaneous transmissions to the MeNB and the SeNB are completely avoided but this happens at the expense of reduced coverage and system throughput. In any case, the operating conditions are an implementation aspect and the only information needed is an exchange between the MeNB and the SeNB of information for the MeNB to determine 
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  and inform it to the SeNB (assuming that the SeNB assigns 
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 for each of its cells it configures to the UE). 
Proposal 1: For a UE, the MeNB informs the SeNB of a maximum power 
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 the SeNB can assign to cells it configures for UL transmissions from the UE. 

As UE operation is independently configured in each eNB, assuming that the SFN in each eNB is known by the other eNB, it is also beneficial for the eNBs to exchange information for subframes where the UE does not have an UL transmission in an eNB, such as a TDD UL-DL configuration, or DRX patterns, or measurement gaps, etc., and for subframes where the UE has an UE transmission in an eNB, such as subframes with SPS PUSCH transmissions or with periodic UCI transmissions. This information can allow each eNB to utilize the UE capability, in terms of transmission power, in subframes where the UE does not have a transmission to the other eNB and to minimize the probability for dropped transmissions in subframes where the UE is known to have a transmission to the other eNB. 

Proposal 2: The MeNB and the SeNB exchange patterns informing whether a UE has or does not have UL transmissions. These patterns include DRX patterns, periodic PUSCH or PUSCH transmissions patterns, measurement gaps, TDD UL-DL configuration(s), etc. 

If 
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, a UE may have transmission to the MeNB and the SeNB under power limited conditions. For synchronous DC operation, power scaling that can largely derive from Rel-11 prioritization rules but additional considerations are needed particularly to address the possibility that the UE has simultaneous, uncoordinated, UCI transmissions to two eNBs [2]. For PUSCH transmissions without UCI, equal power scaling applies in CA when a total UE transmission power exceeds 
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. This is justified as all such PUSCH transmissions correspond to the same bearer. With DC, equal power scaling to PUSCH transmissions to the MeNB and the SeNB is not preferable as, particularly if the UP architecture is based on option 1A, the bearers can be different and data to the MeNB can include RRC messages. However, as a PUSCH transmission power to the SeNB can often (but not always) be much smaller than the one to the MeNB, prioritizing power allocation to PUSCH transmissions to the MeNB can effectively suspend PUSCH transmissions to the SeNB. In general, a network should be capable to configure the power scaling a UE applies when it is power limited. Alternatives to equal power scaling, such as configurable weights or proportional weights to nominal PUSCH transmission powers, were considered in Rel-10 and should be further examined for operation with DC.  

For asynchronous DC operation, a UE can apply the same prioritization rules as for synchronous operation but power limitations need to be considered over two subframes due to the partial overlap of one subframe for a first eNB with the later part of a subframe and the earlier part of the next subframe for a second eNB. The UE will then apply prioritization rules if power limitation occurs in any of the overlapping parts.   
Proposal 3: Consider additional power scaling methods, other than equal power scaling, for operation under UL transmission power limitation.

Proposal 4: Consider prioritization rules taking into account partial overlapping between subframes.

3 Conclusions

This contribution considered UL power allocation aspects for operation with DC and proposes the following:

Proposal 1: For a UE, the MeNB informs the SeNB of a maximum power 
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 the SeNB can assign to cells it configures for UL transmissions from the UE. 

Proposal 2: The MeNB and the SeNB exchange patterns informing whether a UE has or does not have UL transmissions. These patterns include DRX patterns, periodic PUSCH or PUSCH transmissions patterns, measurement gaps, TDD UL-DL configuration(s), etc. 

Proposal 3: Consider additional power scaling methods, other than equal power scaling, for operation under UL transmission power limitation.

Proposal 4: Consider prioritization rules taking into account partial overlapping between subframes.
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