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1
Introduction

A new work item on Dual Connectivity was approved at RAN#62 [1]. The work item description states:
The work item aims at specifying Dual Connectivity operation, where a given multiple Rx/Tx UE in RRC_CONNECTED is configured to utilise radio resources provided by two distinct schedulers, located in Master and Secondary eNBs.
One of the objectives is to identify and introduce the physical layer functionalities required for Dual Connectivity operation. This contribution analyzes issues related to transmission power limitations and scaling with Dual Connectivity operation, including the issue raised in the incoming LS from RAN2 [2]. Aspects related to basic functionalities are treated in a companion contribution [3].

The following terminology from [4] is used in this contribution:

Master Cell Group (MCG): the group of the serving cells associated with the MeNB.

Secondary Cell Group (SCG): the group of the serving cells associated with the SeNB.

2
Power limitation issues
The assumed operation in different frequency carriers (or bands) supported by multiple transmitter UE capability provides a certain degree of independence between schedulers. However, complete independence is not achieved due to the fact that the UE has a limitation in terms of the total transmission power over all frequencies according to its power class. In addition, the UE may have to apply maximum power reduction when transmitting simultaneously on multiple carriers. These constraints present particular challenges in case of Dual Connectivity, since a scheduler in one eNB does not have instantaneous access to the information known by the scheduler in the other eNB nor to decisions made by this scheduler which may impact the available power. This problem manifests itself in several situations which are described in the following.
2.1 HARQ feedback contention
In R11, a transmission carrying HARQ feedback on either PUCCH or PUSCH is prioritized in case power scaling occurs. In Dual Connectivity there may potentially be two transmissions carrying HARQ feedback in the same subframe (or in overlapping subframes), one for the MCG and the other for the SCG. In case the total pre-scaled transmission power of these two transmissions exceeds the maximum, one or both of these transmissions would need to be scaled down. To address this issue one could consider the following alternatives:
a) HARQ timing is modified such that no overlap can occur between transmissions carrying HARQ feedback

b) Scaling is applied equally to both transmissions carrying HARQ feedback

c) One of the two transmissions is prioritized, such that any required scaling applies only to the other one

Alternative (a) could be realized by transmitting HARQ feedback of more than 1 DL subframe (using bundling or multiplexing) into a single UL subframe. This would be feasible even for completely unsynchronized subframes by defining patterns such as 2 consecutive subframes every 5 subframes, or 3 consecutive subframes every 8 subframes. This alternative always allow sparing a transmission containing HARQ feedback from scaling, but also suffers from some drawbacks. One is that the modified HARQ timeline would require more than 8 HARQ processes to ensure full utilization. In addition, it could result in potential PUCCH resource allocation conflicts with other UE’s following the regular HARQ timeline. 
If alternative (a) is not adopted then scaling would need to be applied to at least one transmission carrying HARQ feedback. Alternative (c) appears preferable to alternative (b) since the latter would likely result in frequent failure for both HARQ feedback transmissions. The prioritization rule should take into consideration issues related to PUSCH power uncertainty described in the following subsection.
Proposal 1:

· In case scaling needs to be applied in a subframe where two transmissions with HARQ feedback overlap, scaling is applied to at most one transmission with HARQ feedback.
· Prioritization rule is FFS.
2.2 Power uncertainty for PUSCH

When all UE transmissions are controlled by a single scheduler, the power headroom reports for each cell provide an indication of the available margin for power increase before reaching the maximum power. Very short-term fluctuations (i.e. on a subframe basis) in required transmission power are largely predictable since they essentially depend on the grant parameters as well as TPC commands for PUCCH or PUSCH, all of which being under the control of the scheduler for every cell. As a result it is possible for the scheduler to have the UE operate close to its maximum transmission power (if desired) while avoiding the need for scaling down power most of the time, resulting in highly efficient operation in the uplink. 
When UE transmissions are controlled by two schedulers, several issues occur. The first is that one scheduler cannot just rely on the power headroom reports for the cells under its control to determine the available margin for power increase. This is because these reports do not provide information about power used for transmissions on cells under control of the other scheduler. To overcome this, one solution could be that the UE provides to each scheduler the power headroom reports for cells under control of the other scheduler (on top of those for the cells under its own control).

Proposal 2:

· The UE provides power headroom reports for cells of both MCG and SCG to the MeNB
· The UE provides power headroom reports for cells of both MCG and SCG to the SeNB

Another challenge of operating with two schedulers is that the required transmission power may now fluctuate unpredictably, from the point of view of one scheduler, depending on the instantaneous decisions made by the other scheduler. As a result, severe scaling down of the power of transmissions to one or both eNB may occur when the transmissions requested by both eNB’s require additional power. 
To cope with this situation the following behaviours could be envisioned:

a) One or both scheduler(s) could schedule resources more conservatively, such that the maximum total power is essentially guaranteed to be never exceeded. This could be achieved, for instance, by setting a power limit per carrier Pemax,c lower than the maximum total Pemax. This is tantamount to a semi-static sharing of resources in the power domain.

b) Resources accessible to each scheduler could be segregated in the time domain, using a semi-static subframe partitioning.

c) Each scheduler could schedule resources more greedily, for instance by basing decisions on the assumption that the other scheduler would not increase the required transmission power at the same time. The total required transmission power would then exceed the maximum from time to time, requiring scaling for some transmissions.
Although behaviours (a) and (b) would prevent occurrence of severe power scaling, they both involve a significant reduction of the total maximum signal energy at each eNB receiver (e.g. 3 dB or more), resulting in a loss of coverage and/or capacity and a loss in scheduler flexibility.
Behaviour (c) would be the most efficient from resource utilization perspective. However, the need for scaling down the power of some transmissions may occur more frequently than in the single scheduler case due to imperfect uncoordination resulting in both scheduler requiring more power at the same time. How often this will occur depends to some extent on the expected UL traffic in both cell groups. In case scaling occurs frequently, applying a static prioritization rule between transmissions of the MCG and the SCG (e.g. to protect SRB transmissions in MCG) may not result in acceptable performance as the transmissions on one of the cell groups would then be starved from power. A more dynamic prioritization rule allowing the SCG to not be scaled when e.g. QoS is not satisfied could be studied.
If scaling occurs unpredictably, it may also become more difficult for the scheduler to adapt the link (grant parameters) to a desired BLER operating point. To alleviate this, one possibility could be to provide an alternate grant (with reduced power requirement) that the UE has to use in case scaling would occur.

Observations:

· With uplink grants independently scheduled at both eNB’s, total UE transmission power requirements cannot be predicted on a subframe basis by any scheduler.
· Semi-static partitioning between MCG and SCG in time or power domain to prevent power scaling significantly reduces coverage, capacity and scheduler flexibility.
· Always prioritizing transmissions of one cell group (e.g. MCG) may result in starving transmissions of the other cell group.
· Unpredictable occurrences of scaling may create issues for link adaptation.
As a starting point, one could adopt the principle that in case scaling occurs due uncoordination (i.e. when the total power per cell group is below the maximum for each cell group), then scaling is only applied to one of the cell groups. This will ensure that transmissions of at least one cell group are not degraded.

Proposal 3:
· In case scaling needs to be applied in a subframe but the total power within each cell group (MCG and SCG) is below the maximum, scaling is applied to transmissions of at most one cell group.
· Prioritization rule is FFS.
2.3 Overlapping PRACH transmissions
RAN1 has received an LS from RAN2 asking whether it would be feasible to support parallel preamble transmissions, one for MeNB RACH and the other for SeNB RACH [2]. Such situation may occur in case of concurrent RACH procedures running in each MAC instance.

According to link budget evaluations in [5], the maximum coupling loss for PRACH is approximately 142 dB for a 23 dBm UE. Such coupling loss is well beyond typical coupling losses experienced by UE’s toward the MeNB or SeNB in a typical Dual Connectivity scenario. One should thus expect that for most UE’s in these scenarios the transmission power required for successful PRACH detection can be much lower than the maximum. As such, even if overlap occurs between two preambles it is likely that the total transmission power would not need to exceed the maximum. Assuming that the two preambles are transmitted on different frequency bands (2 GHz and 3.5 GHz) there should not be strong concerns from the power difference between the preambles (this could be checked with RAN4).
Given the above, allowing overlap between transmissions appears to be preferable than dropping one of the preambles, which could result in additional latencies and complexity for the RACH procedure. For those situations where the maximum total power would be exceeded, one solution could be to apply scaling to one of the preamble transmissions according to a prioritization rule to be studied.
Proposal 4:

· Parallel preamble transmissions can be supported.
· Scaling is applied to one of the transmissions in case the maximum total power would be exceeded.
· Prioritization rule is FFS.
6
Conclusions
This contribution analyzes issues related to transmission power limitations and scaling with Dual Connectivity operation, including the issue raised in the incoming LS from RAN2. The following proposals and observations were made:
Proposal 1:

· In case scaling needs to be applied in a subframe where two transmissions with HARQ feedback overlap, scaling is applied to at most one transmission with HARQ feedback.
· Prioritization rule is FFS.
Proposal 2:

· The UE may provide power headroom reports for cells of the SCG to the MeNB

· The UE may provide power headroom reports for cells of the MCG to the SeNB

Observations:

· With uplink grants independently scheduled at both eNB’s, total UE transmission power requirements cannot be predicted on a subframe basis by any scheduler.
· Semi-static partitioning between MCG and SCG in time or power domain to prevent power scaling significantly reduces coverage, capacity and scheduler flexibility.
· Always prioritizing transmissions of one cell group (e.g. MCG) may result in starving transmissions of the other cell group.
· Unpredictable occurrences of scaling may create issues for link adaptation.
Proposal 3:
· In case scaling needs to be applied in a subframe but the total power within each cell group (MCG and SCG) is below the maximum, scaling is applied to transmissions of at most one cell group.
· Prioritization rule is FFS.
Proposal 4:

· Parallel preamble transmissions can be supported.
· Scaling is applied to one of the transmissions in case the maximum total power would be exceeded.
· Prioritization rule is FFS.
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