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1 Introduction
RAN1 is currently discussing how to perform power allocation for a UE configured with Dual Connectivity (DC).

During RAN1#76bis, RAN1 has received an LS from RAN2 asking RAN1 to take into consideration that the MeNB Cell Group (MCG) carries SRB data which is essential to maintain RRC connectivity and that preamble transmission in the PCell of the MCG is more important than a preamble transmission for the SeNB Cell Group (SCG) [1].

Following RAN1#76bis, there has been an email discussion addressing a number of aspects of power control for DC.
In general, most companies seem to agree to the following [2]:
· Dynamic power sharing should be supported (FFS how, FFS if only for synchronous case);
· Maximum output power per serving cell shall not be exceeded as for R11 CA;
Many other aspects are left FFS, including:

· Whether or not PMeNB and PSeNB should be specified (and if so, how is FFS);

· Whether or not processing time reduction is necessary, possible and/or acceptable;

In addition, there has been an attempt during the email discussion to define a first set of candidate solutions. However, it appears quite challenging to discuss the merits of each proposals without first discussing high-level principles. 

Our preference would thus be to first discuss the following aspects of power allocation with DC:

· Confirm the handling of ongoing transmissions;

· Determine the desired utilization of total available UE power and confirm support of dynamic power sharing;

· Discuss how to minimize the complexity of dynamic power allocation to support the unsynchronized case;

· Decide how to apply power scaling;

· Reach a common understanding on how to perform prioritization between CGs;

This contribution further discusses the above aspects.
2 Principles for Power Allocation with Dual Connectivity
2.1 Handling of ongoing transmissions

RAN1 should first confirm the working assumption that the UE shall always maintain the transmission power of an ongoing subframe, independently of the amount of timing difference between CGs and independently of the scheduling activity for transmissions of the other CG.

Proposal 1: 
The UE shall maintain the transmission power of any ongoing transmissions for a given CG independently of any possible transmissions for the other CG.
2.2 Utilization of total available UE power
RAN1 should also confirm that one objective for uplink power control with DC is to maximize the utilization of the total UE available power at any given time, such that MCG/MeNB coverage is not impacted and loss of available power is avoided as much as possible when the UE needs to split its power between transmissions of different CGs.
Proposal 2: 
It should be possible to maximize the utilization of total UE available power in any subframe.

Following the above principle, the UE should have up to the total UE available power in a subframe for which it has transmissions only for a CG (no overlapping whatsoever); otherwise, the UE should have means to dynamically share available UE power between transmissions of the different CGs.

Proposal 3: 
Dynamic power sharing between CGs is supported.

2.3 Minimizing complexity with Dynamic Power Sharing
Concerns were expressed regarding the complexity that may be required to maximize power utilization in unsynchronized deployments in terms of impacts to UE implementation as well as to the specification.

Our understanding is that complexity for the unsynchronized case is mainly related to the following aspects:

1) Is there a need to perform “look-ahead” for the transmission power required for the other CG?
One aspect is whether or not overlapping transmissions of the other CG which occur later in time (i.e., “look-ahead”) need to be considered, such that the UE knows the exact power requirement of the other CG.
If required, additional rules may be required and the UE processing time may be reduced by up to 1ms.

If not required, the selected method may implicitly prioritize the allocation of power to a new transmission for the CG that has an ongoing transmission in the immediately preceding subframe.

· It is possible to perform dynamic power sharing while avoiding the need to perform look-ahead;

· Look-ahead is only needed if RAN1 determines that more complex prioritization rules are desirable;
Proposal 4: 
Whether or not look-ahead for dynamic power sharing between CGs is supported is FFS until RAN1 has discussed prioritization between CGs and/or between overlapping transmissions.

2) How to support synchronized and unsynchronized deployments using different power allocation methods?
Although our preference would be to specify a single method that would be equally applicable independently of the timing difference between CGs, specifying different power allocation methods for the synchronized case and for the unsynchronized case may still be acceptable to RAN1.

In this case, the additional UE behavior needs to be considered to support different methods for synchronized and for unsynchronized deployments. In this case, the following aspects will need further consideration:

· How the UE determines what power allocation method to use?

For example, the MeNB could indicate what method to use for power allocation as part of the configuration that first adds a cell of the SCG to the UE’s configuration if it can be assumed that the MeNB is always aware of the timing difference between the MCG of the UE and the SCG – for any combinations of its own cells with those of possible SeNBs under coverage of its cells; otherwise, can such determination be left up to UE implementation and, if so, is there a need to specify how?

· Whether support for unsynchronized deployments should be mandatory or a UE capability?

For example, given different support for different deployments, one may envision that support for parallel transmissions between CGs with up to a certain timing difference could be included as part of the UE capabilities for dual connectivity. This could however be detrimental to operators that are interested in the benefits of dual connectivity but are not planning to have synchronized deployments between their macro and their small cell layer. Would it be acceptable to treat both scenarios differently in this manner?

Proposal 5: 
How well a UE may utilize its total available power should not depend on the timing synchronization between CGs, i.e. similar uplink performance should be possible for the synchronized and unsynchronized cases.

2.4 Power Scaling

During the discussions on power control for dual connectivity, two approaches have been proposed for scaling to handle the situation when the sum of transmission powers over both cell groups would exceed Pcmax.
A) Scaling across CGs (or “flat scaling”): The UE first ranks transmissions from both cell groups by order of priority according to channel type. When there are two transmissions of the same channel type, such as PUCCH of MCG and PUCCH of SCG, relative priority is determined according to additional tie-breaker rules, such as PUCCH of MCG being of higher priority than PUCCH of SCG. Once the priority order is established, power is allocated by order of priority, i.e. the highest priority transmission gets as much power as needed (up to Pcmax), then the second highest priority transmission gets as much as needed up to the remaining power (if any), and so on.

If maximum powers per CG are defined with this approach, an extra step of scaling per CG may need to be performed before scaling across CG’s as described above, to ensure that the power per CG does not exceed its maximum.

B) Shared power by CG (or “Scaling per CG”): The UE first allocates a certain amount of power to each cell group. The UE then applies legacy (R11) scaling rules to a cell group for which the sum of transmission powers would exceed its allocated power. The power allocation per cell group can be performed according to different possible principles. For example, one cell group may be allocated as much power as needed, possibly up to a configured maximum, and the other cell group would take the remaining power. Another possibility is define guaranteed available powers for each cell group but allow one cell group to take the unused power of the other cell group, to maximize power utilization.
Regarding complexity, new prioritization rules and new tie breaking rules may be required with scaling across CGs which may be further complexified if also applied for the unsynchronized case. If scaling is performed per CG, prioritization between CGs needs to be considered.

· In terms of complexity, scaling across CGs should be avoided for the unsynchronized case. 

The main motivation for adopting “scaling across CG’s” is if one believes that it is always more important to prioritize first by type of channel (PUCCH or PRACH or PUSCH) than per cell group (MCG vs SCG). However, this is in contradiction with the LS from RAN2 [1] which indicates that MCG transmissions need to be prioritized at least when containing SRB. To take this into account one could consider introducing a special priority rule for PUSCH of MCG containing SRB, but this introduces an undesirable cross-layer interaction.

· In essence, the discussion on power scaling is simply related to a prioritization criteria between transmissions, namely which of “channel type” or “CG type” has precedence over the other. 

In the unsynchronized case, the approach of “scaling across CG’s” is meaningful only if the UE takes into consideration the exact power requirement of the overlapping subframe of the other CG starting later (“look-ahead”). Otherwise, since the transmission power of the already started subframe cannot be changed, scaling is only performed within the CG.
Proposal 6: 
The UE applies power scaling per CG.

2.5 Prioritization of preamble and SRB data to MCG
RAN2 requested that RAN1 takes into consideration that the MCG carries SRB data, which is essential to maintain RRC connectivity and that preamble transmission in the PCell of the MCG is more important than a preamble transmission for the SCG [1].

From RAN1’s perspective, the implication of RAN2’s request is that the UE should always have sufficient amount of power available for preamble (re-)transmissions on the MCG as well as for transmissions that pertains to RRC signaling, i.e. for (re-)transmissions on PUSCH that contains SRB data and for HARQ ACK/NACK related to transmissions that contained SRB data on PDSCH.

Specifying absolute priority for preamble (re-)transmissions for the PCell of the MCG is assumed to be trivial.

For SRB data, there are a number of ways in which this could be achieved including the following:

· By avoidance: for example, the network could refrain from configuring DC for a UE that can be power-limited. This would, however, limit considerably the applicability of dual connectivity;

· By absolute priority for MCG: for example, absolute priority could be given to all transmissions of the MCG; however, one implication is that any DRB data sent on the MCG would also be prioritized and this may not be suitable for architecture 1A (where a UE may have one or more DRB that terminates in the MeNB and one or more DRB that terminates in the SeNB);

· By minimum guaranteed power for MCG: for example, the network could configure a maximum power available to the SCG such that MCG transmissions can get sufficient power for any uplink transmissions.

· By network control, by priority indication in L1 scheduling from the MeNB: for example, a DCI that schedules uplink resources for the MCG could include an indication for the UE to prioritize power allocation for PUSCH (re-)transmissions that are susceptible to include SRB data. The MeNB may determine when to indicate such priority based on reception of SR (either by D-SR or RA-SR) and/or based on a received BSR that indicates data for the corresponding LCG. Similarly for the downlink, the MeNB can indicate in the DCI that schedules (in subframe n) a PDSCH transmission that contains SRB data that the UE shall prioritize the transmission of the corresponding UCI (in subframe n+4). A codepoint in the TPC field could be used for this indication. Given that this method would be under MeNB control, this could work in conjunction with any power allocation method, including one that would otherwise give more priority to DRB transmissions for the SCG.

· By UE-autonomous rules based on inter-layer interactions: for example, in the uplink the MAC instance could indicate to L1 when a MAC PDU submitted for transmission includes SRB data such that the L1 could prioritize power allocation for the associated HARQ process until it successfully completes. For HARQ feedback, a similar behavior could be considered. This would, however, represent non-trivial UE and specification complexity;

Based on the above, RAN1 should first discuss the interpretation of RAN2’s request, which interpretation may range from prioritizing to the largest extent possible only transmissions known or susceptible to include SRB data up (i.e. maximizing fairness between DRB data) to always giving absolute priority to the MCG (i.e. introducing bias towards both SRBs and DRBs of the MCG).

Proposal 7: 
The power allocation should support priorities between transmissions such that undue prioritization of DRB data is minimized as much as possible.

3 Conclusion

RAN1 should discuss and also agree to the following:

Proposal 1: 
The UE shall maintain the transmission power of any ongoing transmissions for a given CG independently of any possible transmissions for the other CG.

Proposal 2: 
It should be possible to maximize the utilization of total UE available power in any subframe.

Proposal 3: 
Dynamic power sharing between CGs is supported.

Proposal 4: 
Whether or not look-ahead for dynamic power sharing between CGs is supported is FFS until RAN1 has discussed prioritization between CGs and/or between overlapping transmissions.

Proposal 5: 
How well a UE may utilize its total available power should not depend on the timing synchronization between CGs, i.e. similar uplink performance should be possible for the synchronized and unsynchronized cases.

Proposal 6: 
The UE applies power scaling per CG.

Proposal 7: 
The power allocation should support priorities between transmissions such that undue prioritization of DRB data is minimized as much as possible.
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