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1
Introduction
During RAN2#85 meeting, PHR reporting for Dual Connectivity was discussed and the following agreements were made:  
=>
The PHR related timers and parameters are independently configured for each MAC entity.

=>
PHR includes PH information of all activated cells in a UE.
However no decision was taken on the dual reporting upon PHR triggering.

This document proposes a way forward for dual reporting triggered by specific events as well as other considerations on PHR. 
2
PHR triggering

With dual connectivity PHR trigger will in general be independently maintained for the two independent MAC entities to ensure both eNBs can get PHR reports. On the other hand, if PHR is triggered because the radio conditions have changed towards one eNB, this might also impact the resource allocation in the other eNB and PHR should therefore be triggered to both eNBs.

PHR triggers currently defined in MAC [1]:

	A Power Headroom Report (PHR) shall be triggered if any of the following events occur:

-
prohibitPHR-Timer expires or has expired and the path loss has changed more than dl-PathlossChange dB for at least one activated Serving Cell which is used as a pathloss reference since the last transmission of a PHR when the UE has UL resources for new transmission;

-
periodicPHR-Timer expires;

-
upon configuration or reconfiguration of the power headroom reporting functionality by upper layers [8], which is not used to disable the  function;

-
activation of an SCell with configured uplink.

-
prohibitPHR-Timer expires or has expired, when the UE has UL resources for new transmission, and the following is true in this TTI for any of the actived Serving Cells with configured uplink: 

-
there are UL resources allocated for transmission or there is a PUCCH transmission on this cell, and the required power backoff due to power management (as allowed by P-MPRc [10]) for this cell has changed more than dl-PathlossChange dB since the last transmission of a PHR when the UE had UL resources allocated for transmission or PUCCH transmission on this cell.


So for instance if the path loss has changed more than dl-PathlossChange dB for at least one activated serving cell, this should trigger PHR to both eNBs. However, dl-PathlossChange could be separately configured for each eNB. 

As agreed, ProhibitPHR-Timer and PeriodicPHR-Timer should be maintained seperately for each MAC entity as the PHR transimission to one eNB should not prevent or delay the PHR transmission to the other eNB.

Activation of a Scell trigger could apply to both nodes since the power situation change would impact both eNBs.

Proposal 1: Path loss changed more than dl-PathlossChange dB for at least one activated Serving Cell of an eNB triggers PHR to both eNBs. 
Proposal 2: Power backoff due to power management has changed more than dl-PathlossChange dB (fifth trigger condition for PHR in MAC specification) triggers PHR to both MeNB and SeNB.
Proposal 3: Activation of an SCell with configured uplink and (re)configuration of the power headroom reporting functionality by upper layers triggers PHR to both MeNB and SeNB.
3
PHR Reporting

In PHR until Rel-11, there is no indication of the length of MAC CE (see section 6.1.3.6a in [1]. The eNB knows what UE includes depending on its configuration. For example the field “Type 2 PH” is included without any bit indicating its presence.
	The Extended Power Headroom Report (PHR) MAC control element is identified by a MAC PDU subheader with LCID as specified in table 6.2.1-2. It has a variable size and is defined in Figure 6.1.3.6a-2. When Type 2 PH is reported, the octet containing the Type 2 PH field is included first after the octet indicating the presence of PH per SCell and followed by an octet containing the associated PCMAX,c field (if reported). Then follows in ascending order based on the ServCellIndex [8] an octet with the Type 1 PH field and an octet with the associated PCMAX,c field (if reported), for the PCell and for each SCell indicated in the bitmap.


Currently if higher layer parameter simultaneousPUCCH-PUSCH transmission is configured, UE needs to include type 2 PH value to the PHR. In case of dual connectivity, we can note that PUCCH transmission in one Cell Group and PUSCH transmission in anther cannot be avoided (regardless of whether simultaneous PUCCH + PUSCH transmission is configured for the UE or for either/both MCG/SCG).  PUCCH power consumption is only reflected in Type 2 PHR. Therefore type 2 PH should always be reported when dual connectivity is configured:

RAN1 is currently discussing the need for Type 2 PHR ([2]). In this contribution, we propose that Type 2 is always included in the report, but this is up to RAN1 to decide this UL PC issue.

Proposal 4:RAN2 should follow RAN1 decision on the use of Type 2 PH in the report. 

When Dual Connectivity is being configured, the UE receives RRC message from MeNB then performs RACH on PSCell in order to begin transmission with it. MeNB knows roughly the time of the beginning of the transmission to PSCell (within a few frames), but not with precision because of various factors: for example s because the length of RACH procedure can vary, or it has been delayed
Observation 1: MeNB does not know with precision when UE begins transmission to PSCell in SeNB
Because of this, in case of PH Report, 
Observation 2: MeNB does not know when UE begins to report PSCell PH information. 
In term of detailed reporting, we think that we have two basic possibilities for the MAC CE that will contain PH information:


-A unique MAC CE carries information for all activated cells (in both MCG and SCG)

-A second MAC CE is used: UE sends separate MAC CEs when reporting PH of cells in MCG and SCG.

Unique MAC CE
In the case of a unique MAC CE, all the information about both MCG and SCG are put together.
There is a need to add the PCell PH information, but if the total number of Cells supported by a UE is still 5, then the current format allows to signal up to 7 SCells with C1 to C 7 bits.
One of the Ci but can be used to indicate the presence of PH information for PSCell to solve the issue pointed in Observation 2
Two MAC CE
The second possiblity would be to have 2 different MAC CE, as proposed in [4] and [5] :
· A first MAC CE that includes PH information for same eNB reports (ie reporting of MCG cells information to MCG, and SCG info to SCG cells)

· A second MAC CE (same format) to report the PH information from the other eNB (SVG information to MCG and MCG information to SCG).

The use of two MAC CE allows the UE to send only one MAC CE if Dual Connectivity is configured by RRC but UE has not yet begun communication with PSCell (see Observation 2).
We don’t have strong preferences on the way forward, both ways are feasible:
Proposal 5: RAN2 to discuss if one or two MAC CE are needed for PH report in the case of dual connectivity
4
Priorization of Data
Even if PH for all the cells are available to both eNB, non-ideal backhaul brings new challenges since one eNB does not know how many resources the other eNB will allocate in the current TTI. Without real-time coordination between MeNB and SeNB scheduler it might be more likely to exceed UE maximum power than in Rel-10/11 intra-eNB CA. Whether it is enough to rely on inter-eNB coordination, link adaptation, HARQ and UE power scaling mechanisms for CA or more sophiscated prioritization rules are needed (if certain data is supposed to be more important than others, as also identified in RAN1 [6]) needs to be further studied. 

Proposal 6: Since RAN1 only sees the level of different physical channels (PRACH/PUSCH/PUCCH) but not the data contained in the PUSCH, RAN2 should discuss if certain data is supposed to be more important than others thus should be prioritized during the power scaling.
5
Conclusion
We respectfully ask RAN2 to consider and agree on the following Observations and agreements:
Proposal 1: Path loss changed more than dl-PathlossChange dB for at least one activated Serving Cell of an eNB triggers PHR to both eNBs. 
Proposal 2: Power backoff due to power management has changed more than dl-PathlossChange dB (fifth trigger condition for PHR in MAC specification) triggers PHR to both MeNB and SeNB.
Proposal 3: Activation of an SCell with configured uplink and (re)configuration of the power headroom reporting functionality by upper layers triggers PHR to both MeNB and SeNB.
Proposal 4: When DC is configured, Type 2 PH is always reported for PCell and PSCell
Observation 1: MeNB does not know with precision when UE has activated PSCell in SeNB
Observation 2: MeNB does not know when UE begins to report PSCell PH information. 

Proposal 5: RAN2 to discuss if one or two MAC CE are needed for PH report in the case of dual connectivity
Proposal 6: Since RAN1 only sees the level of different physical channels (PRACH/PUSCH/PUCCH) but not the data contained in the PUSCH, RAN2 should discuss if certain data is supposed to be more important than others thus should be prioritized during the power scaling.
References
[1] 3GPP TS 36.321 Medium Access Control (MAC) protocol specification 
[2] R1-141536
UL power control and power headroom reporting for dual connectivity, NSN, Nokia
[3] RAN2 #83bis minutes

[4] R2-140742
PHR operation for dual connectivity
LG Electronics Inc.
[5] R2-140328
Power headroom report for dual connectivity
Samsung
[6] R2-133868  Uplink Bearer Split, NSN, Nokia Corporation
