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1 Introduction

Several design aspects for PHR in dual connectivity remain unresolved following the email discussions after RAN1#77 [1] and, for reference, they are outlined below:
Following are FFS until RAN1#78:

· Whether or not PCMAX needs to be introduced in PHR when UE is not configured to always report virtual PH of the activated cells belonging to the other CG/eNB.

· Whether or not real PCMAX,c in PH calculation in case that it is available.

· Whether or not the PHR is calculated using the first overlapped portion in async case.

Moreover, in [1] it is proposed that Per-CC PHR is computed before per-CC power-scaling as in Rel.8-11. This proposal is agreeable, as otherwise the intended functionality of PHR is not achieved, and will not be further discussed in this contribution.
Remaining discussion is on the FFS aspects from [1] for PHR in dual connectivity.

2 Remaining Aspects for PHR in Dual Connectivity
Introducing PCMAX in PHR when a UE is configured to report real PH for the other CG/eNB
Reporting PCMAX was considered in Rel-10 but was not adopted due to its limited usefulness. Basically, PCMAX depends on the total MPR (including A-MPR and P-MPR) that is unknown to the eNB and depends on the exact PRB allocation and its position in the system bandwidth. The existence of multiple cells further complicates this problem and, in practice, makes it intractable for an eNB scheduler to use the exact PCMAX information for subsequent scheduling. Instead, a more conservative assumption utilizing PCMAX,c,L for each cell was considered to determine available power for subsequent scheduling. 
The usefulness of PCMAX reporting is even smaller for DC operation, compared to CA operation, as PH is reported without an eNB knowing the PRB allocations from the other eNB or the respective locations in the system bandwidth. Moreover, the usual reason of independent future scheduler decisions among eNBs further reduces any usefulness of PCMAX reporting. 

In dual connectivity, it is inevitable that UE power limited operation can occur more often than for CA if suboptimal spectral efficiency is to be avoided by restricting scheduling to be conservative in terms of power allocation. Nevertheless, based on the PHR for the other eNB and on the maximum transmission power a UE has available for each eNB under power limited operation in both eNBs (e.g., if MeNB is prioritized, (1-f)* 
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 is guaranteed for the SeNB), the scheduler at each eNB can utilize additional power (beyond the maximum one in case of power limited operation) if the PHR for the other eNB indicates power availability (assuming similar power availability at the other eNB in future scheduling).  
Observation 1: The benefit from a UE reporting 
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 together with its PH is marginal for CA operation and it is even smaller, if any, for DC operation. 
Using real PCMAX,c for virtual PH
For simplicity and brevity, type 1 virtual PH is discussed but the same arguments apply for type 2 virtual PH. For serving cell 
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 and subframe 
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, a UE reports type 1 virtual PH as 
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is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and TC =0dB [2]. 
The objective of configuring report of virtual PH is for an eNB to obtain information for a UE’s available power by removing dependence on unknown scheduling and basically obtaining the term 
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 is instead replaced by the actual transmission power (as defined in [2, 3]), a new type of virtual PH will be reported but the benefits are unclear. First, the eNB will not have scheduling-independent information unless 
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 is also separately reported. But then there is no need to change the current definition of virtual PH and the question becomes whether the real 
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 needs to be reported (this is not the case in Rel-11 when virtual PH is reported (UE sets V field to 1)). Second, if the actual available power of a UE at a given subframe 
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 was desired, actual PH could be configured. Third, any modifications to Rel-11 PH support by a UE are of questionable value given that additional scheduling information, such as number of scheduled PRBs, is not provided and that future scheduling decisions are independent among eNBs. 

Observation 2: There is no need to modify virtual PH reporting compared to Rel-10 for dual connectivity.

PH Calculation for Asynchronous Dual Connectivity Operation
The only additional issue regarding the PH calculation for transmissions to a first eNB and its reporting to a second eNB in case of asynchronous DC operation is the reference subframe for the first eNB. A first option is to use the first overlapping subframe. However, as it was also identified during the email reflector discussions ([77-15] PHR for dual connectivity), this can have implications on the UE processing time in case of a large TA value as the UE needs to wait to decode the UL grant, if any, for the second eNB before computing and encoding the PHR in a PUSCH transmission to the first eNB. Unlike simply determining the required transmission power for which the processing time can be sufficient, this impacts available UE processing time for PUSCH transmission and is therefore undesirable. This leads to a second option of computing the PH based on the latest UL subframe associated with an UL grant from the first eNB that is received earlier than the UL grant for the PUSCH transmission to the second eNB where the PHR for the first eNB is to be included. To avoid introducing new UE processing for the case of asynchronous DC operation, a third option is to rely only on virtual PH (i.e. not support real PH for asynchronous operation).

Given the even further reduced usefulness of real PHR in case of asynchronous DC operation, the third option is attractive as it avoids introducing new UE functionality for questionable/marginal practical benefit. 

Alternatively, support of real PHR for asynchronous DC operation can be a UE capability. In that case, it is preferable to leave the UE behavior undefined (as long as it meets certain reporting requirements - e.g. it can be either according to the first option or according to the second option or may even be according to their combination) as regardless of the selected option no practical difference is expected (e.g. PHR computed according to any option has similar information value either when UL transmissions in successive subframes are largely uncorrelated or are largely correlated).
Proposal: For asynchronous DC operation, real PHR is either not supported or is a UE capability.

3 Conclusions

This contribution considered remaining aspects for power headroom reporting in dual connectivity operation and can be summarized by the following observations and proposal.
Observation 1: The benefit from a UE reporting 
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 together with its PH is marginal for CA operation and it is even smaller, if any, for DC operation. 
Observation 2: There is no need to modify virtual PH reporting compared to Rel-10 for dual connectivity.

Proposal: For asynchronous DC operation, real PHR is either not supported or is a UE capability.
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