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1
Introduction
During RAN2#83bis it was agreed to progress U-plane architectures 1A (for no bearer split) and 3C (for bearer split) [1]. In this contribution we discuss the details of PHR triggering and reporting.
2
Discussion
PHR are typically needed at the eNB to know when the UE starts using power scaling because it is allocated too many resources, or similarly to estimate how many additional resources the UE can still be allocated before it starts being power limited. PHR reporting to both nodes (either from UE or via Xn interface) is needed for UL resource allocation when there is UL transmission to both nodes. 

PUCCH is at least needed to SeNB for UCI. Since type 2 PHR for PUCCH in Rel-10 is only reported for PCell if simultanous PUCCH and PUSCH transmission is configured, whether Type 2 PHR is to be supported on SCell would depend on whether simultanous PUCCH and PUSCH is supported for SCell (which should be discussed in RAN1). 

Whether type 1 PHR for SeNB is needed depends on whether there is PUSCH to SeNB. With option 1A, UL data for each bearer should be transmitted to the corresponding eNB, thus PUSCH to SeNB would need to be supported. For option 3C this depends on whether or not bearer split is also to be supported in the uplink direction of transmission [2].
In general dual transmission with simultaneous PUSCH to both MeNB and SeNB needs to be supported with dual connectivity. 
a) Under this assumption current PHR mechanism for CA could be reused for dual connectivity and PHR for all (activated) cells reported to both eNBs for the schedulers to get more informtaion about how much power is available in the UE. 
NOTE:
Only by having PH information of all (activated) cells the eNB can determie whether the UE is entering power limitations.
b) Alternatively it could be possible to have PHR only reported towards one eNB (e.g. the MeNB) and relay the infomration to the other eNB via Xn interface if needed, but the delay might impact the scheduling efficiency since PHR information should be rather real-time. 
c) Another alternative would be to signal cell-specific PHR only towards the eNB responsible for scheduling the corresponding cell. Then each eNB could independently perform radio resource allocation using cell-specific PHR. In this case it would be difficuly to detect whether a UE gets into power limitations unless one of the eNBs (e.g. the SeNB) periodically forwards its PH information to the other eNB (e.g. the MeNB).

d) Another possibility would be that PHR for all (activated) cells are transmitted to one eNB only (e.g. the MeNB), while the other eNB (e.g. the SeNB) would only be informed of the PH relative to its cells.
With TDM based approach for single TX UE (in case this is also going to be supported), separate PHR (i.e. cell specific PHR are tailored to the eNB responsible for scheduling PUSCH resources on the corresponding cell) and separate power control might be needed [2]. It could be further discussed if TDM based approach is supported.In order to simplify specifications and to allow for different eNB implementation specific resource allocation algorithms, we propose as working assumption that PHR for all (activated) cells should be reported to both eNBs (option a). 
Proposal 1: With simultaneous PUSCH to both eNBs, PHR report to either eNB should include PH for all the activated cells (not restricted to the eNB to which the PHR is transmitted).

For PHR trigger, with the assumption of two MAC entities, PHR trigger should in general be indepenently maintained for the two MAC entities to ensure both eNBs can get PHR report. 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 [3]:

	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 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. 
On the other hand, 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 trigger could apply to both nodes since the power situation change would impact both eNBs.

Proposal 2: path loss changed more than dl-PathlossChange dB for at least one activated Serving Cell of a eNB triggers PHR to both eNBs. 
Proposal 3: ProhibitPHR-Timer and PeriodicPHR-Timer are configured and maintained independently for the two MAC entities to ensure both eNB can get PHR report.

Proposal 4: activation of an SCell with configured uplink triggers PHR to both MeNB and SeNB.

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 [2]) needs to be further studied. 

Proposal 5: 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.

3
Conclusion
PHR trigger and report details are discussed in this contribution with the following proposals proposed:
Proposal 1: With simultanous PUSCH to both eNBs, PHR report to either eNB should include PH for all the activated cells (not restricted to the eNB to which the PHR is transmitted).

Proposal 2: path loss changed more than dl-PathlossChange dB for at least one activated Serving Cell of a eNB triggers PHR to both eNBs. 

Proposal 3: ProhibitPHR-Timer and PeriodicPHR-Timer are configured and maintained independently for the two MAC entities to ensure both eNB can get PHR report.
Proposal 4: activation of an SCell with configured uplink triggers PHR to both MeNB and SeNB.
Proposal 5: 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.
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