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1 Introduction 
In RAN plenary#62 new WI [1] was approved. One of the main working objects is “Introduce functions and procedures to realise C-plane and U-plane protocol and architectures supporting alternatives 1A and 3C”. In this contribution, we give some analysis on the usage of PHR report in the dual-connectivity cases and try to address the potential impact on PHR report.

2 Background
The Power Headroom reporting procedure is used to provide the serving eNB with information about the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission per activated Serving Cell (type1) and also with information about the difference between the nominal UE maximum power and the estimated power for UL-SCH and PUCCH transmission on PCell (type2). 
According to the definition in 36.213 5.1.1, which can be found in the annex, the PHR is calculated base on  
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 will also be taken into account for PHR report type 2). Considering the scheduling and power control information (i.e. 
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) are known by the scheduler, the scheduler can estimate the path loss based on the reported PHR. 
3 Discussion on the PHR in Dual-connectivity
In the carrier aggregation, the PHR for multiple serving cells can be reported to eNB, as a centralized scheduler, the eNB knows all the scheduling and power control information of each serving cell, so eNB can estimate the path loss of UE in each serving cell and use this information in the power coordination between different serving cells to avoid power scaling. An example can be found as follow:
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Figure 1: example for the UL power coordination in CA
In the figure given above, cell A and cell B, which belong to the same eNB, are configured to UE as carrier aggregation, and UE will report the PHR of both cell to eNB. In case the UE move from the coverage of cell A to cell B, based on the PHR report of both cell received from UE, the eNB can detect the increase of pathloss in cell A and the decrease of pathloss in cell B. With this information (some other factor, such as load or radio conditions， will be taken into account as well), the eNB may decide to assign more resource in cell B instead of cell A.
In the small cell dual connectivity, since there is no centralized scheduler, two eNB will do the scheduling and power control independently, which means the MeNB (SeNB) cannot know the scheduling and power control information (e.g. 
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) of SeNB (MeNB).  Considering the change of PHR may caused by the pathloss or the resource granted by SeNB ( MeNB) or the TPC command sent by SeNB (MeNB), it is not likely that MeNB (SeNB) can know the real reason for the change of PHR for the cell in SeNB). So, the MeNB (SeNB) cannot estimate the pathloss (or the change of pathloss) of the cell in SeNB (MeNB) from PHR report .
Observation 1: MeNB (SeNB) cannot use legacy PHR to estimate the pathloss (or the change of pathloss) in the cell of SeNB (MeNB).
Considering the uplink transmission power of UE is shared with all the serving cell, in carrier aggregation, as a centralized scheduler, eNB can take all the PHR information from each serving cell into account, and coordinate the uplink grant for the UE in all the serving cells. But for the small dual connectivity cases, there is not such a centralized scheduler to coordinate the grant between MeNB and SeNB. It will not possible for the MeNB (SeNB) to predicate the granting behaviour in SeNB (MeNB) based on the PHR report. One example can be found as follow:
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Figure 2: example for the UL power coordination in small cell dual connectivity
Two cases are given in the figure above,

· Case 1: The UE move from MeNB to SeNB; 

· Case 2: The UE move close to MeNB and SeNB at the same time.

SeNB can detect the decrease of passloss in both of the two cases; MeNB detect a increase of pathloss in case 1 and a decrease in case 2. Since the SeNB can not know the change of passloss in MeNB, it will be difficult for the SeNB to foresee the change of power consumption in the cell of MeNB. Also considering that SeNB can not foresee the grant and power control behavoiur of MeNB due to the lack of grant and power control information on the SeNB side (e.g. a high PHR may be caused by no PUSCH transmission, since the scheduling of MeNB is unkonwn by SeNB, SeNB can not foresee whether there will be a PUSCH tranmission in MeNB. ), we give our observation 2 as:
Observation 2: MeNB (SeNB) cannot predict future uplink power consumption of UE in the cell of SeNB (MeNB) based on cross reported legacy PHR report.
4 Discussion on the uplink power coordination
Two potential solutions are given in this section for discussion.
Solution based on the detection of power scaling
Consider the MeNB (SeNB) can not use the PHR report to estimate the future uplink power consumption of UE in the cell of SeNB (MeNB) ,  which can be done in carrier aggregation cases, the only thing MeNB (SeNB) can do with the PHR report from SeNB (MeNB) is the power scaling detection. So, one possible solution is that eNB use the PHR report to detect whether there is a power scaling in the UE side, and decrease the grant once the power scaling is dectected. Since the uplink power consumption in SeNB (MeNB) is not predicable by the MeNB (SeNB), the MeNB (SeNB) can only use a conservative resource allocation policy to avoid power scaling, which will cause a waste of uplink power resources. 
Observation 3: Uplink power coordination based on the detection of power scaling will cause a waste of uplink power resources due to the conservative resource allocation policy.
In order to improve the power waste in the power scaling based solution, one possible solution is to have different PHR report periodic cycle in different eNB. So the UE can report PHR report in small cell more frequently and SeNB can have a fast detection of the power scaling and adjust the scheduling and power control to avoid the power scaling immediately.

Observation 4: Configure different PHR report parameters in different eNB may be helpful to improve the efficiency of uplink power coordination in the solution based on power scaling detection.
According to the definition of PHR in current specs, the power headroom will be calculated based on either a real transmission or a reference format (i.e. virtualized PHR). Since it is not possible for the MeNB to know the real reason for the change of power headroom calculated based on the real transmission. One possible solution is to specify that, for the PHRs sent to non-scheduler eNB, UE shall always use the reference format in the calculation of PHR of non-scheduler eNB.  In this case, MeNB (SeNB) can use the virtualized PHR of SeNB (MeNB) to estimate the change of power consumption efficiency in the SeNB (MeNB) (i.e. decrease of virtualized PHR means more power resources will be used to overcome the passloss (PLc) and poor radio conditions (fc(i)) ), and may take this into account in the power reduction once the power scaling is detected.

Observation 5: MeNB (SeNB) can use the virtualized PHR to estimate the change of power consumption efficiency (or the change of change of power consumption efficiency) in the SeNB (MeNB), and may take this into account in the power reduction once the power scaling is detected.
Solution based on X2 interface

In order to coordinate the uplink power grant, another penitential solution is to make MeNB a centralized coordinator.  In this solution, UE will report the PHR report of cells in both MeNB and SeNB to MeNB, and MeNB will generate some kind of uplink power coordination assistance information, which may include the PHR report and some other useful information based on the discussion in the future, and send it to SeNB periodically by X2 interface. Since the small cell enhancement is not design for the UE with high speed, it can be assumed that the passloss of UE in both MeNB cell and SeNB cell will not change very rapidly, and the change of power consumption in uplink will be mainly caused by the grant and power control by the scheduler. So, we think the PHR do not need to be reported very frequently (i.e. the period 10/20/50 ms will not be used in this case), and the latency between X2 interface, which is 5-30ms, is acceptable in the uplink power coordination. 
Observation 6: The latency between X2 interface is acceptable in the uplink power coordination.
One example for the X2 interface based uplink power coordination is given as follow:
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Figure 3: example for the UL power coordination solution based on X2 interface

In the example given in figure 3, UE will report PHR report for both CELL A and CELL B to MeNB periodically ( periodicPHR-Timer = 100ms ), and only report the PHR for CELL B to SeNB periodically (periodicPHR-Timer = 100ms ). Based on the PHR report for both cells, MeNB can generate the uplink power coordination information and send it to the SeNB every 100ms to indicate how many uplink power resources can be used by the SeNB. Once SeNB get the uplink power coordination information from MeNB, it can use this information together with the PHR report, scheduling information and power control information to avoid power scaling. 
Observation 7: Some kind of uplink power coordination information (e.g. maximum transmit power) can be conveyed over X2 interface to avoid power scaling.
Based on all the analysis above, we can see both of the two potential solutions can be used in the uplink power coordination. The power scaling detection based solution has less impact on the specification but will decrease the efficiency for the usage of uplink power resource on the UE side.  The X2 based solution can provide a more accurate coordination by having a centralized coordinator (MeNB), but will introduce more complexity as well. Considering the uplink power coordination is RAN1 related issue, in order to have a better understanding on the performance of each solution, we give our proposal as:
Proposal : A LS should be sent to RAN1 to inform them the two potential solutions, and ask their preference. And if the X2 interface based solution is preferred, what information should be transferred in the X2 interface
5 Conclusion 
RAN2 is encouraged to discuss the uplink power coordination in small cell dual connectivity and accept the observations and proposals as follow:
Observation 1: MeNB (SeNB) cannot use the legacy PHR to estimate the pathloss (or the change of pathloss) in the cell of SeNB (MeNB).

Observation 2: MeNB (SeNB) cannot predict future uplink power consumption of UE in the cell of SeNB (MeNB) based on cross reported legacy PHR report.
Solution based on the detection of power scaling
Observation 3: Uplink power coordination based on the detection of power scaling will cause a waste of uplink power resources due to the conservative resource allocation policy.

Observation 4: Configure different PHR report parameters in different eNB may be helpful to improve the efficiency of uplink power coordination in the solution based on power scaling detection.

Observation 5: MeNB (SeNB) can use the virtualized PHR to estimate the change of power consumption efficiency (or the change of change of power consumption efficiency) in the SeNB (MeNB), and may take this into account in the power reduction once the power scaling is detected.
Solution based on X2 interface
Observation 6: The latency between X2 interface is acceptable in the uplink power coordination.
Observation 7: Some kind of uplink power coordination information (e.g. maximum transmit power) can be conveyed over X2 interface to avoid power scaling.
Proposal : A LS should be sent to RAN1 to inform them the two potential solutions, and ask for their preference. And if the X2 interface based solution is preferred, RAN1 is kindly asked to decide the information transferred in the X2 interface
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7 Annex
5.1.1.2
Power headroom

There are two types of UE power headroom reports defined. A UE power headroom
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If the UE transmits PUSCH without PUCCH in subframe 
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, power headroom for a Type 1 report is computed using 
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If the UE transmits PUSCH with PUCCH in subframe 
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, power headroom for a Type 1 report is computed using 
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If the UE does not transmit PUSCH in subframe 
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 for serving cell 
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, power headroom for a Type 1 report is computed using
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Type 2:

If the UE transmits PUSCH simultaneous with PUCCH in subframe 
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 for the primary cell, power headroom for a Type 2 report is computed using 
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 are the primary cell parameters as defined in section 5.1.1.1 and 
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If the UE transmits PUSCH without PUCCH in subframe 
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for the primary cell, power headroom for a Type 2 report is computed using 
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If the UE transmits PUCCH without PUSCH in subframe 
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for the primary cell, power headroom for a Type 2 report is computed using 
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If the UE does not transmit PUCCH or PUSCH in subframe 
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 for the primary cell, power headroom for a Type 2 report is computed using 
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The power headroom shall be rounded to the closest value in the range [40; -23] dB with steps of 1 dB and is delivered by the physical layer to higher layers. 
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