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1. Introduction

Power allocation for Dual Connectivity was discussed at the RAN1 #77 meeting. The following details were agreed [1]:

· In both synchronous and asynchronous cases, at least for PUCCH/PUSCH
· Minimum guaranteed power allocation PSeNB and/or PMeNB can be configured
· PSeNB >=0, PMeNB >=0
· FFS: PSeNB + PMeNB <= PCMAX
· FFS: PSeNB + PMeNB <= 100%
· In both synchronous and asynchronous cases:

· If look-ahead is supported or in synchronous case

· All the remaining power can be used

· For the remaining power, priority is determined based on UCI type across CG for channels not satisfied by PSeNB or PMeNB
· FFS on details

· Giving all the remaining power to a CG is not precluded

· If look-ahead is not assumed: 

· Reserve PSeNB and/or PMeNB towards each eNB if there is potential uplink transmission

· If the UE knows it does not have transmission in the other CG in overlapped subframes based on at least semi-static information (e.g., TDD UL/DL configuration), UE does not reserve the power for that CG

· For the remaining power, earlier transmission is higher priority

· FFS on whether there will be two types of UE behavior (supporting look-ahead and not supporting look-ahead) or there will be only one type of UE behavior

· Confirm WA with clarification: 

· Power control changes are not allowed for one channel on one carrier in the middle of subframe in asynchronous case in dual connectivity (i.e., Power of on-going transmission is not adjusted)

· Within a CG, for the total power allocation, reuse Rel-11 relative priority and power scaling of different channel types

· PRACH to PCell has the highest priority; 

· RAN1 perspective, differentiation between PUSCH with SRB and PUSCH without SRB is not assumed

Several email discussions following RAN1 #77 addressed the open issues described above. In this contribution we present our views on some unresolved issues including power sharing between CGs, network coordination and “look-ahead” capability. In a separate contribution [2] we discuss priority rules for allocating any remaining power if PSeNB and PMeNB are configured for a UE.
2. Power sharing between Cell Groups
The main issue in power sharing is whether to split power allocation in either an absolute or relative sense. Re-formulating the problem in terms of linear values, the alternative solutions are: 
1. Absolute split: 
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2. Relative split: 
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where α and β are fractions and 
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As mentioned during the email discussion [3] the merit of an absolute split is that power allocation is relatively static and does not change per subframe based on the computed PCMAX. The downside to this approach is that further specification may be necessary as absolute values may not take into account the dynamic nature of PCMAX, possibly resulting in subframes where
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. In contrast, a relative split by definition obviates the need for additional specification to prevent this occurrence. The argument against relative split is that the power allocation varies in each subframe. However, this is also true for absolute split since the MPR, A-MPR and P-MPR values may require scaling down of the absolute powers. On the other hand, relative allocation is more natural as the network can, for example, set the relative priority between MCG and SCG transmissions.  
Proposal 1:

· If power allocation values are configured, power allocation coefficients α and β may be signaled to the UE.

· Power allocation in a subframe is
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Regarding the range and resolution of α and β, clearly the ideal range is [0, 1]. Both end values may be desirable depending on the use case. For example, setting β = 0 may imply that there is no guaranteed minimum power for the SCG. In other words, SCG transmissions are on a best-effort basis. 
Instead of signaling a zero value, it may be preferable that the power allocation coefficient (α, β) is not configured for the UE. In other words, if β (resp. α) is not signaled the UE may assume that β (resp. α) is set to zero so that explicit signaling of a zero value is not needed. 
On the other hand, allocating a value of 1 for a CG may imply that at least PUCCH/PUSCH transmissions in the CG should be prioritized over PUCCH/PUSCH transmissions in the other CG.  Therefore, if N bits are available for signaling, one possibility for the value range can be {Δ, 2Δ,…,1}, where Δ = 2-N is the resolution. N = 3 or 4 bits should provide sufficient granularity.
Proposal 2
· If a power allocation coefficient is not signaled for a CG the UE may assume that there is no guaranteed minimum power for the CG. 

· N = 3 or 4 bits should provide sufficient granularity for the power allocation coefficients α and β.
· The signaling can be based on a resolution Δ = 2-N and a value range {Δ, 2Δ, …, 1}.
3. Network Coordination for power sharing
It has been agreed that a UE can be configured with (PMeNB, PSeNB) for prioritization/scaling across CGs for the synchronous or look-ahead case. In addition, it was proposed to exchange power allocation values between eNBs to aid in scheduling and also interpretation of power headroom reports (PHRs) [4]. However, only a few agreements were reached after the email discussion, namely,
· MeNB sends (PMeNB, PSeNB) to UE in a dedicated RRC message.
· If PSeNB is to be configured to a UE, MeNB determines the minimum guaranteed power for the SeNB (PSeNB), and also sends it to the SeNB via backhaul signaling. 

· If PMeNB is to be configured to a UE, MeNB determines the minimum guaranteed power for the MeNB (PMeNB). 
Our interpretation of the above agreed bullets is that they are conditioned on whether configuration of (PMeNB, PSeNB) is mandatory or optional. In this section we focus on the whether the same or possibly different power allocation values are exchanged between eNBs. 

One solution is that the MeNB provides the same set (PMeNB, PSeNB) to the SeNB. An alternative proposal is to decouple the set of values signaled to the UE from the set that is signaled to the SeNB. For example, it is proposed to signal (PMeNB,max, PSeNB,max) to allow for flexibility in how the SeNB chooses its scheduling strategy. Whilst there is some merit in this approach, it could violate a design principle of Dual Connectivity that each eNB is in control of its own radio resources. This should be evident if the MeNB makes the final determination of PSeNB,max. By setting a maximum value that should be assumed for scheduling purposes, the MeNB is in effect dictating scheduling strategy to the SeNB. Thus, at best, PSeNB,max can only be a suggestion from the MeNB to the SeNB. The same inference on scheduling strategy should be possible when (PMeNB, PSeNB) are provided to the SeNB. 
Proposal 3

· In addition to PSeNB the MeNB may also send PMeNB to the SeNB via backhaul signaling.

4. Look-ahead capability

Look-ahead may be defined as the capability of a UE to determine additional UL transmission(s) in the latter part of a subframe. Clearly, this is tied to UE implementation/complexity as it depends on how much processing time is needed to decode and respond to a DL assignment or UL grant. If a UE can “look ahead”, the behavior is same as the synchronous case where the UE follows a priority rule in case of parallel transmissions across CGs. On the other hand if a UE does not support look-ahead it either reserves power, if (PMeNB, PSeNB) are configured, or earlier transmission gets higher priority. These two behaviors can be supported depending on UE implementation without the need for additional specification. 
Observation​: Look-ahead capability may be supported by UE implementation without additional specification. 
5. Conclusion

This contribution addressed several remaining details of UL power allocation for Dual Connectivity. In summary we propose that

· If power allocation values are configured, power allocation coefficients α and β may be signaled to the UE.

· Power allocation in a subframe is
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· If a power allocation coefficient is not signaled for a CG the UE may assume that there is no guaranteed minimum power for the CG. 

· N = 3 or 4 bits should provide sufficient granularity for the power allocation coefficients α and β.

· The signaling can be based on a resolution Δ = 2-N and a value range {Δ, 2Δ, …, 1}.
· In addition to PSeNB the MeNB may also send PMeNB to the SeNB via backhaul signaling.
· Observation​: Look-ahead capability may be supported by UE implementation without additional specification.
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