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1 Introduction

Dual connectivity has been approved as a work item. This work item aims at specifying dual connectivity operation for UEs with multiple Rx/Tx in RRC_CONNECTED mode. A large part of specification work relates to RAN2 but there are also some potential impacts on RAN1. 
After RAN1#76bis meeting, an email reflector discussion was conducted with the following outcome:
· Working assumption: dynamic power-sharing is supported.
· Continue discussion in RAN1#77 on whether/how to specify PMeNB and PSeNB.
· Continue discussion in RAN1#77 what the definition of power-limited is, taking into account the exact power-control mechanisms of dual connectivity.

· If dynamic power-sharing between eNBs/CGs is introduced for unsynchronized case, and if prioritizing the first in time transmission is not introduced, UE needs to take into account of power requirement of the other eNB/CG before allocating its available power for the first eNB/CG, in the following two cases.

· Case 1) When the first eNB/CG is MeNB/MCG,

· Case 2) When the first eNB/CG is SeNb/SCG.

· RAN1 will assume that the maximum output power for each serving cell c shall not be exceeded even for dual connectivity.
In this contribution, we further discuss the issues related to UL power control when dual connectivity is used.

2 Discussion
UL power control is an important aspect of dual connectivity since the UE is required to be capable of transmitting to both MeNB and SeNB simultaneously. 
The power control in LTE is mainly given by what the eNB assigns the UE to transmit, e.g. for PUSCH the amount of power the UE uses is for example based on the amount of PRBs assigned to the UE by the eNB. If the eNB happens to assign too much power to the UE, the UE can scale down the assigned power according to the set of rules specified in Rel-8 and further defined in Rel-10 and 11. We see that this basic framework of a single eNB would be needed to be extended to support the dual connectivity. We focus on the case wherein the MeNB and SeNB jointly have assigned the UE with too high transmission power. Exactly how to define this case is further outlined in this contribution.

2.1 UL Power Control Methods
In the email reflector discussion, it has been agreed that the working assumption is the output power of the UE is shared dynamically between MeNB and SeNB. When one eNB requires a certain amount of UL power, the entire remainder is available towards the UL of the other eNB. When the sum of the uplink output power of MeNB and SeNB channels exceeds 
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, then scaling factor is applied by the UE across MeNB and SeNB to bring the sum down to 
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. The scaling factors can be the same for MeNB and SeNB, or different to give them different priorities. This is illustrated in Figure 3. In this option, due to the scaling across all UL carriers, the UL output power level towards one eNB is likely to affect the UL power level towards the other eNB. The factors to be considered include: (a) the relative priority of UL channel (or signal) types between MeNB and SeNB, and the (b) relative timing of the UL subframes between MeNB and SeNB..
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Figure 3: Dynamic Power Sharing with scaling across MeNB and SeNB
As discussed, the UL subframe offset at UE can be up to 7 OFDM symbols, as illustrated in Figure 4. Thus the procedure defined for CA, where one can assume maximum time difference of 30 µs (excluding eNB requirement aspects), is no longer applicable here. 

When scaling between MeNB and SeNB is done at maximum power level as in the static and semi-static power split schemes, overlapping subframes do not need special handling, as it is guaranteed that 
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is never exceeded.

When scaling between MeNB and SeNB is done dynamically, overlapping subframes need to be addressed carefully. A straight forward way to do this would be as follows. The power level of a UL subframe i towards a given eNB is limited by the overlapping subframe towards the other eNB, where the overlap is during the first slot of subframe i. If we take Figure 4 as an example the following would apply:
· The power level of subframe i of MeNB is determined taking into account the used power of subframe i of SeNB.

· The power level of subframe (i +1) of SeNB is determined taking into account the used power of subframe i of MeNB.
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Figure 4: Unsynchronized UL subframes between MeNB and SeNB from UE’s perspective

In order to allow MeNB and SeNB have better control over how much power each eNB can assume, per CG (i.e., per eNB) maximum power, Pcmax, MeNB and Pcmax,SeNB, are useful. Defining Pcmax, MeNB and Pcmax,SeNB also allows the MeNB to signal this information to SeNB over the X2 interface. Adjustments can also be made from time to time in accordance with the changing circumstances the UE may have. The changing circumstance can be caused by mobility, radio channel variation, uplink and downlink traffic pattern, etc.
To protect the control plane connection to MeNB, the power control mechanism can utilize the following. The UE treat power-limited case vs non-power-limited case slightly differently, where the UE does not put further constraints on non-power-limited case beyond those defined for CA.  For power-limited case, with the per-SCG maximum power level defined, the UE use Pcmax, MeNB and Pcmax,SeNB as hard limits, so that the UE can set the minimum power level to protect SRB and PUCCH transmission on the MeNB side. The minimum power level for MeNB is (Pcmax- Pcmax,SeNB), with which  the UE guarantees a minimum power level for MeNB signalling radio bearer (SRB) in the power control mechanism. It is noted that while logical channel prioritization for SRB is a reasonable assumption at MAC,  this type of SRB prioritization mechanism cannot be taken into account in RAN1 specification (TS 36.213). Thus the minimum power level is in reality applied to SCG channel/signal without identifying if SRB is involved.
With the per SCG maximum power Pcmax, MeNB and Pcmax,SeNB defined, it is also easy to enable different levels of coordination (tight or loose) between MeNB and SeNB. To allow the possibility to reserve a minimum power level for either the MeNB or the SeNB, this can be easily implemented with support a per MeNB and/or per SeNB maximum power level. The network has the option to configure the maximum power of either or both the MeNB and SeNB to be almost the maximum UE power but not the maximum UE power, in order to reserve the possibility for some minimum out power for very crucial data such as SRBs.
Proposal:
· Per CG (i.e., per eNB) maximum power, Pcmax, MeNB and Pcmax,SeNB, are defined.

· Pcmax, MeNB and Pcmax,SeNB are shared between MeNB and SeNB as part of MCG/SCG configuration.
· Power level of a UL subframe i towards a given eNB is limited by the earlier, overlapping subframe towards the other eNB, where the overlap is in the beginning  of subframe i.
· When determining the power level of a UL subframe i towards a given eNB, the UE does not need to take into account a later subframe that belongs to the other eNB.
2.2 Prioritization of Channels between MCG and SCG

The CA prioritisation can be extended to take into account the channel (and signal) types from both the MeNB and SeNB at the same time. One important case is that simultaneous PUCCH transmission needs to be accounted for. Another case is the prioritization of PRACH transmission. Overall, with proper prioritization rules, the dynamic power sharing scheme would allow proper PRACH/PUCCH/PUSCH transmission in case of UL power limitation.
For PRACH, when there are two simultaneous PRACH, it is necessary to prioritize PRACH towards PCell of MCG as pointed by RAN2. If there is only one PRACH (either MeNB or SeNB), the UE should prioritize it over other channel types. 
For PUCCH that carries HARQ-ACK and CSI (CQI/PMI/RI), when there are two simultaneous PUCCH, the UE should prioritize HARQ-ACK vs CSI. Considering that PUCCH tends to occupy a small number of PRB only, if a minimum power level is guaranteed for MeNB, it is likely that the UE can get PUCCH through with the guaranteed minimum power level. 
For PUSCH carrying UCI, it needs to be prioritized over PUSCH that does not carrying UCI.

Compared to other UL transmission, SRS has the lowest priority. Under power limitation, SRS can be dropped in favour of higher priority channel/signal types. The dropped SRS can be made up by future SRS occasions.
In general, when two UL transmission of the same channel type is in conflict due to power constraint, the UE should prioritize MCG to protect the control plane signalling over signalling radio bearer (SRB). On the other hand, data radio bearer (DRB) data transmission on PUSCH may be more efficient  towards SeNB.
Proposal:
· CA prioritization rules are reused for dual connectivity with the following extension
· Prioritization is applied across all serving cells of both MCG and SCG
· PRACH towards the MeNB has higher priority than PRACH towards SeNB
3 Conclusion

In this contribution, we discussed the uplink power control for dual connectivity. Based on the discussion we have the following proposals:
· Per CG (i.e., per eNB) maximum power, Pcmax, MeNB and Pcmax,SeNB, are defined.

· Pcmax, MeNB and Pcmax,SeNB are shared between MeNB and SeNB as part of MCG/SCG configuration.
· Power level of a UL subframe i towards a given eNB is limited by the earlier, overlapping subframe towards the other eNB, where the overlap is in the beginning  of subframe i.
· When determining the power level of a UL subframe i towards a given eNB, the UE does not need to take into account a later subframe that belongs to the other eNB.
· CA prioritization rules are reused for dual connectivity with the following extension
· Prioritization is applied across all serving cells of both MCG and SCG
· PRACH towards the MeNB has higher priority than PRACH towards SeNB
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