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1 Introduction
RAN2 started to work on MAC details for dual connectivity in RAN2#83bis. Progress has been made in the area of DRX, BSR and RA. Uplink power control and power headroom reporting may also need to be adapted for dual connectivity as brought up in e.g. [1] and [2]. In this contribution we discuss and provide our opinion on the issues related to power control and power headroom for dual connectivity. 
2 Discussion

2.1 UL transmission to each eNB with DC
In RAN2#83bis it was agreed that the work in the SI should continue with user plane architectures 1A and 3C. As discussed in [3] and [4], user plane architectures 1A and 3C can be summarized using a generic architecture in which three types of bearer are possible:

1) Bearer only served by MeNB, referred to as MCG DRBs.
2) Bearer only served by SeNB, referred to as SCG DRBs.
3) Bearer served by MeNB and SeNB, referred to as split DRBs.
In case that MCG DRBs and SCG DRBs are configured simultaneously, UE must send to both MeNB and SeNB all information and channels that are involved in normal single carrier transmission, that is: 

· DL ACK/NACK, CQI report, SR in PUCCH
· UL data, RLC status report, MAC control elements in PUSCH
· UL channels like SRS, RACH

In case of split bearer, the same bearer is served by both MeNB and SeNB. So, it can be considered that not all information listed above must be sent to both eNBs. Since dual connectivity is expected to be useful mostly for downlink, the following information must be sent to both eNBs to observe benefits in downlink with dual connectivity:

· ACK/NACK, CQI report in PUCCH

· RLC status report, MAC control elements in PUSCH

· RACH

In case of split bearer, part of the UL traffic may be sent to one eNB only, such as PUSCH containing UL data. This can be useful when a UE is identified as power-limited.
2.2 Power control for dual connectivity
Power control is formally a RAN1 issue that should mainly be discussed there.

Contribution [1] touched upon the problem of exceeding the terminal maximum allowed power PCMAX. In Rel-11 CA, rules have been defined for power control with multi carrier transmission. These rules also avoid that PCMAX is exceeded. It appears natural that power control for dual connectivity reuses as much as possible the rules of Rel-11 CA power control.

In Rel-11 CA, the channel carrying L1/L2 control signalling. is given a higher priority than PUSCH not carrying L1/L2 control signalling. So, power is allocated first to PUCCH or PUSCH with UCI. Then, the remaining power is allocated to parallel PUSCHs according to the power equations from [5]. If the aggregated power of all parallel PUSCHs without UCI exceeds the remaining available power, the individual power of parallel PUSCHs are downscaled with the same scaling factor.
This power-downscaling rule for parallel PUSCHs can also be reused for the dual connectivity scenario. Contribution [1] mentions that different scaling factors can be configured. As discussed in section 2.1, with MCG DRBs and SCG DRBs configured simultaneously, the information need to be sent to both eNBs. So, there is no reason to prioritize one over the other one. With split bearers, we propose in [4] that data is sent only towards one eNB. In this case, power consuming transmission (i.e., data) is sent to one eNB only. So, only small amount of data is likely to be sent on PUSCH to other eNBs. The power limitation issue and the power downscaling rule are thus not likely to happen in this configuration. We therefore think that the Rel-11 CA downscaling rules can be used as baseline for dual connectivity.
When it comes to SRB transmission, there are some benefits to transmit SRB to both MeNB and SeNB, as discussed in [6]. In that case also, the power limitation issue is unlikely considering the small amount of data.
By contrast to Rel-11 CA, it is possible to have the transmission of parallel PUCCHs with dual connectivity, one PUCCH to each eNB. There also, a similar downscaling rule can be considered. But this is an issue for RAN1 to discuss.
Observation 1 PUSCH power downscaling rules have been introduced for CA to ensure that maximum allowed transmit power is not exceeded in case of parallel PUSCH transmission.
Proposal 1 Reuse as much as possible Rel-11 CA methodology and rules for power control for dual connectivity. Details are to be discussed in RAN1.
2.3 Power headroom for dual connectivity
Power headroom report (PHR) is required for link adaptation and scheduling. If more power is available at the UE and there is data in the buffer, it is desirable to increase the transport format of the UL transmission so as to use all the available power. In conjunction with the knowledge of buffer status report (BSR) and scheduling decisions, power headroom reporting enables to optimize UL transmissions.
In Rel-11, power headroom is reported per carrier, e.g. PHR1, PHR2. With Rel-11 carrier aggregation a central scheduler at the eNB takes decision for both carriers. So, the eNB knows which transport formats, TF1 & TF2, were used in both carriers at the time of the report, t. In addition, the eNB knows PCMAX,1, PCMAX,2 from which PCMAX can be estimated. Thus, the eNB can compute how much power is still available at the UE:

Actual PHR = PCMAX – (PCMAX,1 – PHR1(TF1(t))) - (PCMAX,2 – PHR2(TF2(t)).


(1)
The central scheduler in Rel-11 CA can then decide future UL grants, TF1(t+1) & TF2(t+1), to exploit the available power. Depending on the buffer status and the load in each cell, both TF1 and TF2 can be increased or the power/grant is redistributed to a single carrier. Here also, it is observed that the information provided by the power headroom report is best exploited when buffer status and scheduling decisions are known to the eNB receiving the report. 

In case of dual connectivity also, it is desirable to adapt the UL transmissions to the still available power. However, scheduling is done independently in the MeNB and SeNB. This makes it difficult to exploit the power headroom report as efficiently as in case of Rel-11 CA. 

Assuming both eNBs know PCMAX,1, PCMAX,2, PHR1 and PHR2, it can be useful to determine the actual PHR at the time of the report, which may not be equal to PHR1 or PHR2 as shown in the equation (1) above. However, it does not give an accurate indication about the future power usage/headroom. MeNB doesn’t know which TF2(t) was decided by SeNB at the time of the report and it doesn’t know either the future decisions that will be taken by the SeNB, TF2(t+1). So, MeNB can only make a guess on how to adapt the transport format for future UL transmissions. After receiving several power headroom reports, eNBs can learn and adjust the transport format in a more conservative or aggressive manner. 
So, because dual connectivity addresses a scenario where independent eNBs are connected through non-ideal backhaul, power headroom reports at eNBs cannot be used to perform transport format calculation for future transmissions based on power and buffer status at the UE. However, power headroom reports are still very useful in dual connectivity to react to extreme situations where maximum power at UE has been exceeded or is much underutilized. 
Observation 2 The main benefit of PHR for dual connectivity is to identify and react quickly when UE runs out of power.
As seen in Equation (1) above, both eNBs need to know the power used in the other eNB to determine exactly how much power is actually left in the UE. The power used in the other eNB is obtained by combining PCMAX,c and PHR. Therefore, it is required that the PHR of MeNB and SeNB is informed to the other eNB. PHR of an eNB can either be exchanged over the backhaul or sent directly by UE. Considering the backhaul delay and the usage of PHR as link adaptation/scheduling support, it is preferable to have up-to-date PHR information for all eNBs. So, it is preferable that the UE sends directly assistant PHR to each eNB.
Observation 3 Knowledge about PHR of both eNBs/carriers is needed to determine the actual remaining available power at UE. 
Proposal 2 UE should send power headroom reports for the serving cells of MCG and SCG to both eNBs. The actual format of the PHRs is FFS. 
3 Conclusion

In section 2 we made the following observations: 

Observation 1 PUSCH power downscaling rules have been introduced for CA to ensure that maximum allowed transmit power is not exceeded in case of parallel PUSCH transmission. 
Observation 2 The main benefit of PHR for dual connectivity is to identify and react quickly when UE runs out of power.
Observation 3 Knowledge about PHR of both eNBs/carriers is needed to determine the actual remaining available power at UE. 

Based on the discussion in section 2 we propose the following:
Proposal 1
Reuse as much as possible Rel-11 CA methodology and rules for power control for dual connectivity. Details are to be discussed in RAN1.
Proposal 2
UE should send power headroom reports for the serving cells of MCG and SCG to both eNBs. The actual format of the PHRs is FFS.
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