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1
Introduction

This contribution analyzes issues related to transmit power limitations with Dual Connectivity operation and proposes a way forward for power scaling.
At RAN1#76, the following decisions were made:
· An agreement was made that UCI transmission rules as in Release 11 are supported in the SCG (with Pcell replaced by pSCell), including HARQ-ACK timing and multiplexing.

· A working assumption was taken on which scenarios should be supported in terms of the maximum received timing difference that the UE can assume between eNB’s. In one scenario the UE can assume some level of synchronization and the other the UE cannot assume any synchronization.
One implication of the agreement on UCI transmission is the possibility that simultaneous transmission of HARQ-ACK in both PCG and SCG occurs.

This contribution first proposes to adopt some basic requirements for handling of transmit power in Dual Connectivity. Then one simple solution that satisfies these requirements is proposed.

2
Requirements
Dual Connectivity introduces some challenges for uplink operation [1] because a limited resource (transmit power) is controlled by two schedulers that cannot share information on an instantaneous basis. From the perspective of one scheduler, the available transmit power in a given subframe is less predictable as it now depends on the grant and TPC command determined by the other scheduler as well as path loss variations to both eNB’s. 

When the transmit powers of individual transmissions, as determined from power control formulas, are such that their total would exceed the total configured maximum output power of the UE (Pcmax), the powers of at least some of these transmissions need to be scaled down which results in loss of performance. In R11, scaling is applied selectively so that a transmission carrying HARQ-ACK is prioritized, effectively protecting PDSCH operation. For Dual Connectivity a power scaling solution needs to be decided taking into account the additional challenge from the loss of tight coordination. In the following we propose to agree on some essential requirements that this solution should satisfy.
Power availability
One obvious requirement is that uplink performance should not be penalized if the UE is configured with Dual Connectivity. Such penalty could occur if additional restrictions were introduced to limit the transmit power on an eNB basis. This requirement implies, for instance, that the UE can have access to its full output power resources for transmitting to either eNB when no power is required to transmit to the other eNB at a given time. More generally, the UE should have access to its full output power resources in any subframe regardless of whether it is being scheduled by a single eNB or by both eNB simultaneously.
Robustness of critical transmissions and fairness
The solution adopted for Dual Connectivity should allow, as in previous Releases, prioritization of certain types of transmissions over others, such as transmissions containing HARQ-ACK. However, under some circumstances a transmission towards the MeNB may be more important than any transmission towards the SeNB even if it does not contain HARQ-ACK. One example is transmission of SRB traffic critical for mobility such as a measurement report. Failure to timely transfer such information could result in loss of the connection (RLF). At the same time, a fixed prioritization rule based on destination eNB (e.g. always MeNB over SeNB) may result in starving transmissions to the other eNB, which should be avoided.
Proposal 1: Agree on the following requirements for power scaling in Dual Connectivity

- The UE can transmit up to its total configured maximum output power (Pcmax) in any subframe regardless of whether it is being scheduled by a single eNB or by both eNB’s simultaneously.
- It should be possible to prioritize transmissions with HARQ-ACK over other transmissions as in R11.
- The power allocation function should not negatively impact transmission of at least critical signaling to or from the MeNB.

3
Proposed power scaling
Some elements of a solution satisfying the above requirements are described in the following. The solution seeks to reuse as much as possible of the existing power scaling rules.
The first element of the solution defines under which condition power scaling should take place. In view of the requirement that the UE can transmit up to Pcmax in any subframe (regardless of whether it is being scheduled by a single eNB or by both eNB’s simultaneously), it is proposed to keep the same behavior as in R11, i.e. power scaling only occurs when the total transmit power (over both eNB) would exceed Pcmax. There is no need to introduce additional per-eNB semi-static limitations.

Proposal 2: When Dual Connectivity is configured, power scaling is performed only if the total transmit power (over both eNB’s) would exceed Pcmax(i).

The second element is related to the requirement of enabling per-eNB prioritization. It is proposed that when power scaling needs to take place, the UE calculates a share of the maximum power for each eNB, i.e. an Assigned total power, which depends on which eNB has higher priority. After the Assigned total power is determined for transmissions to a given eNB, scaling powers of individual transmissions within this eNB (if required) is applied according to R11 rules using this Assigned total power as maximum instead of Pcmax(i). A key benefit of this approach is that there is no need to specify additional power scaling cases or formulas other than for the calculation of Assigned total powers per eNB. Existing prioritization rules for HARQ-ACK and other types of transmissions can be reused as is.
Proposal 3: When power scaling is performed, the following steps are followed:

· Calculation of an Assigned total power for each eNB based on a prioritization criterion

· For each eNB, scaling powers of transmissions (if required) according to R11 rules, using the calculated Assigned total power for this eNB in place of Pcmax(i)
The third element is the calculation of the Assigned total power for each eNB. One simple approach here would be to assign power according to an absolute priority principle, where the UE attempts to fully satisfy the power requirements for the high priority eNB and assigns the remaining available power to the low priority eNB. Most of the time, this principle results in scaling the transmissions of only one eNB. This has the benefit of avoiding scaling on two concurrent transmissions containing HARQ-ACK.
In case power scaling would need to occur on a transmission with HARQ-ACK, it could be discussed further whether scaling should effectively take place, or the transmission completely dropped. Such a situation cannot be completely prevented regardless of which specific prioritization rules is adopted, since HARQ-ACK can now be transmitted concurrently to different eNB’s as per the agreement on UCI transmission from RAN1#76.
Proposal 4: When power scaling is performed, the Assigned total power per eNB is calculated according to an absolute priority principle:

· The Assigned total power for the high-priority eNB is simply the total required transmit power of transmissions for this eNB (but not exceeding Pcmax(i))
· The Assigned total power for the low-priority eNB corresponds to the remaining available power (difference between Pcmax(i) and the Assigned total power for the high-priority eNB)
The final element is the determination of the priority of transmissions to a given eNB. One attractive approach, given the potential complexity of designing a fairness mechanism, is to enable the network to control this, preferably on a dynamic basis. For instance, one can easily envision that the MeNB has knowledge of when critical transmissions are going to occur (in MeNB). The MeNB could signal an indication that MeNB transmissions have high priority if deemed appropriate (based on network implementation) and otherwise let the SeNB transmissions have higher priority. This could be done for instance when a BSR report indicates data available for a SRB or when an RRC procedure is initiated. The details of how this can be realized (e.g. MAC or DCI signaling) could be left for further study.
Proposal 5: The UE determines priority between eNB’s based on network control, e.g. signaling received from MeNB.
6
Conclusions
This contribution proposed to agree on some requirements related to transmit power in Dual Connectivity and proposes a power scaling solution satisfying the requirements. These proposals are as follows:
Proposal 1: Agree on the following requirements for power scaling in Dual Connectivity

- The UE can transmit up to its total configured maximum output power (Pcmax) in any subframe regardless of whether it is being scheduled by a single eNB or by both eNB’s simultaneously.
- It should be possible to prioritize transmissions with HARQ-ACK over other transmissions as in R11.
- The power allocation function should not negatively impact transmission of at least critical signaling to or from the MeNB.

Proposal 2: When Dual Connectivity is configured, power scaling is performed only if the total transmit power (over both eNB’s) would exceed Pcmax(i).

Proposal 3: When power scaling is performed, the following steps are followed:

· Calculation of an Assigned total power for each eNB based on a prioritization criterion

· For each eNB, scaling powers of transmissions (if required) according to R11 rules, using the calculated Assigned total power for this eNB in place of Pcmax(i)
Proposal 4: When power scaling is performed, the Assigned total power per eNB is calculated according to an absolute priority principle:

· The Assigned total power for the high-priority eNB is simply the total required transmit power of transmissions for this eNB (but not exceeding Pcmax(i))
· The Assigned total power for the low-priority eNB corresponds to the remaining available power (difference between Pcmax(i) and the Assigned total power for the high-priority eNB)
Proposal 5: The UE determines priority between eNB’s based on network control, e.g. signaling received from MeNB.
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