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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 is 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
A condition that a total UE transmission power to the MeNB and to the SeNB does not exceed 
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 can always be satisfied if 
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 is split between a maximum transmission power to the MeNB, 
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, and a maximum transmission power to the SeNB, 
[image: image5.wmf]CMAX_SeNB

P

, so that 
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. However, such split of 
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 is suboptimal as it penalizes coverage (e.g. the MeNB can correspond to a macro-cell and a UE coverage is reduced when DC is configured as 
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) and UL throughput/data rates (e.g. as 
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 is restricted, large bandwidth allocations for PUSCH transmissions to the SeNB may not be supported, especially for high carrier frequencies). Moreover, in subframes where a first eNB can know that a UE does not have an UL transmission to a second eNB, such as DL subframes if the second eNB uses TDD, or DRX subframes, or measurement subframes, etc., there is no reason to limit the total UE transmission power to less than 
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.
With CA, equal power scaling applies to PUSCH transmissions (without UCI) when a total UE transmission power exceeds 
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. This is justified by the fact that all such PUSCH transmissions correspond to the same bearer. With DC, equal power scaling to PUSCH transmissions to the MeNB and the SeNB, when a total UE transmission power exceeds 
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, 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. On the other hand, as a PUSCH transmission power to the SeNB can 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 capability should be provided to a network to select the power prioritization applied in case of power limitations. Alternative mechanisms 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.  
Proposal 1: Power scaling methods, other than equal power scaling, should be considered for PUSCH transmissions to the MeNB and the SeNB under power limitation.

In order to ensure that excessive UE power limitations do not occur due to the independent schedulers at the MeNB and the SeNB and also ensure that a maximum UE transmission power is not unnecessarily restricted at each eNB in an uncoordinated manner, it is beneficial that the MeNB assigns a maximum transmission power, 
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, for the UE to the SeNB. This is similar to the existing assignment of 
[image: image14.wmf]CMAX,c

P

 per cell. Using 
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, the SeNB can determine a scheduling strategy for a UE so that occurrences of UL power limitations are minimized (including complete avoidance, if the MeNB configures a maximum transmission power for the UE, 
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, such that 
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). The value of 
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 can be up to the network, and can include 
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.  A UE may not need to limit to 
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 its transmission power to the MeNB and may not need to limit to 
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 its transmission power to the SeNB in subframes where a total transmission power does not exceed 
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. Instead 
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 and 
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 can serve as the maximum transmission powers the UE can have for the MeNB and the SeNB in case it has simultaneous transmissions to both eNBs and the total transmission power exceeds 
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. In that sense, 
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 and 
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 act similar to power scaling weights relative to 
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 and may assist the schedulers to avoid scheduling UE transmissions having a total power in a subframe that exceeds 
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. 
Proposal 2: The MeNB configures to a UE a maximum power for transmissions to the MeNB, 
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, and a maximum power for transmissions to the SeNB, 
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.

3 Power Headroom Report (PHR)
In Rel-10, PHR is used for link adaptation, depending on the buffer status report (BSR) from the UE, when the UE has available power. PHR is reported per cell and a centralized scheduler can make scheduling decisions in subsequent subframes for all cells based on respective PHRs and BSRs. Contrary to CA, a centralized scheduler does not exist in DC where, due to backhaul latency, each eNB has its own scheduler. Therefore, a first eNB does not know neither the data transport format (TF) used at the subframe of PHR computation for the other eNB nor the TF (if any) the other eNB schedules in subsequent subframes. This significantly limits the PHR usefulness for DC. Potential use of CA within each eNB further limits the usefulness for knowing at a first eNB the PHR for a second eNB.
PHR is triggered by a change in path-loss. Due to different locations and characteristics of the MeNB and the SeNB, a path-loss change may not occur simultaneously for both MeNB and SeNB. For example, the MeNB may serve a macro-cell and be placed at a height that is significantly higher than the SeNB that may serve a small cell; then, path-loss can change more frequently for the SeNB than for the MeNB. Therefore, PHR to the MeNB is not necessarily triggered at the same time as PHR to the SeNB and a UE should transmit PHR independently for each eNB. 
Therefore, no change to PHR signaling is needed for DC and a new PHR format is not necessary. The PHR format can remain eNB-specific and configuration and triggering can be independent for each eNB.
Proposal 3: No new PHR formats are introduced for DC. The PHR format is configured independently by each eNB. Triggering is independent for each eNB. 
4 Conclusions

This contribution considered physical layer aspects for operation with dual connectivity and proposes the following:

Proposal 1: Power scaling methods, other than equal power scaling, should be considered for PUSCH transmissions to the MeNB and the SeNB under power limitation.

Proposal 2: The MeNB configures to a UE a maximum power for transmissions to the MeNB, 
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, and a maximum power for transmissions to the SeNB, 
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.

Proposal 3: No new PHR formats are introduced for DC. The PHR format is configured independently by each eNB. Triggering is independent for each eNB. 
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