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1 Introduction

For Dual Connectivity there are a few open issues left related to Power Headroom Reporting. In this contribution we discuss these open issues.
2 Power Headroom Reporting
2.1 Capturing PHR trigger for PSCell addition

In RAN2#87 RAN2 agreed:

=>
PHR is triggered at PSCell addition.

The motivation for triggering PHR at PSCell addition is that when the terminal starts using a new cell the power situation in the terminal may change substantially and hence the eNBs needs to be informed, i.e. a PHR shall be sent.

Even though it was not explicitly captured in the agreement, we assume that the intention of the agreement was to trigger PHR towards both eNBs at PSCell addition. We therefore want to RAN2 to confirm that the UE shall trigger PHR towards both eNBs at PSCell addition.

Proposal 1 Confirm that the UE shall send PHR to both eNBs upon PSCell addition.

During the email discussion [87#24] it was discussed how to capture in the specification that a terminal shall trigger PHR at PSCell addition. Below is the list of existing PHR triggers (as of Rel-11): 

	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 activated 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.

NOTE:
The UE should avoid triggering a PHR when the required power backoff due to power management decreases only temporarily (e.g. for up to a few tens of milliseconds) and it should avoid reflecting such temporary decrease in the values of PCMAX,c/PH when a PHR is triggered by other triggering conditions.


It was suggested that maybe the event of configuration/reconfiguration of the PHR functionality can cover also PSCell addition. However, RAN2 has agreed that the PHR trigger due to configuration/reconfiguration of the PHR functionality shall trigger PHR in the concerned CG. I.e. if the PHR functionality related to the SCG is configured/reconfigured the terminal shall trigger a PHR in the SCG but not in the MCG, and vice versa. Assuming that Proposal 1 is agreed we will have the following behaviour:
Observation 1 PHR functionality configuration/reconfiguration triggers PHR in the concerned CG.
Observation 2 If Proposal 1 is agreed; PSCell addition triggers PHR in both CGs.

Based on these observations it seems that the PHR due to configuration/reconfiguration of the PHR functionality and the PHR due to PSCell addition must be triggered by separate events.

During the email discussion [87#24] it was also suggested that the PSCell shall be considered an SCell and the trigger SCell activation-trigger can be reused. However, it seems that not all companies in RAN2 considered that that the PSCell is an SCell and hence this trigger is not suitable either. 
So it seems necessary to add a new trigger for PSCell addition. This can be defined as below. Note that we assume that the term PCell will be covering both the PCell and PSCell in the MAC specification as discussed in [1].
-
addition of PCell of the SCG.
Proposal 2 The UE shall send a PHR in the event of “addition of PCell of the SCG”.
2.2 dl-PathlossChange per MAC entity
Currently the following formulation explains when a PHR shall be triggered due to change in path loss:
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;

In Dual Connectivity there will be one dl-PathlossChange value per CG, but it is not clear how these two dl-PathlossChange values shall be used. To analyse this it is in Figure 1 shown an example configuration. In this example the MCG is configured with a dl-PathlossChange of 1 dB and the SCG is configured with a dl-PathlossChange of 6 dB.
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Two alternatives for use of the two dl-PathlossChange are described below.
Alternative 1:
MCG’s dl-PathlossChange used for MCG cells and SCG’s dl-PathlossChange used for SCG cells
With Alternative 1, the UE sends a PHR towards the MCG when one of the below events has happened since the last PHR was sent to the MCG:

· the path loss for Cell A or Cell B has changed more than 1 dB
· the path loss for Cell C or Cell D has changed more than 6 dB
And, the UE sends a PHR towards the SCG when either of the below events has happened since the last PHR was sent to the SCG:

· the path loss for Cell A or Cell B has changed more than 1 dB
· the path loss for Cell C or Cell D has changed more than 6 dB
Alternative 2: MCG’s dl-PathlossChange used for PHR triggering in M-MAC and SCG’s dl-PathlossChange used for PHR triggering in S-MAC
With Alternative 2, the UE sends a PHR towards the MCG when the below event has happened since the last PHR was sent to the MCG since the last PHR was sent to the MCG:

· the path loss for Cell A or Cell B or Cell C or Cell D has changed more than 1 dB
And the UE sends a PHR towards the SCG when the below event has happened since the last PHR was sent to the SCG since the last PHR was sent to the SCG:

· the path loss for Cell A or Cell B or Cell C or Cell D has changed more than 6 dB
2.2.1 Comparison of the two alternatives
The dl-PathlossChange parameter can be seen as a “frequency” with which the UE shall inform the eNBs about PH situation in the UE; with a low value the eNB will have frequent updates of the PH situation in the UE, while with a high value the eNB will have infrequent updates of the PH situation in the UE.
It should be noted that for the power situation to change in the UE, it does not matter which cell’s path loss has changed (i.e. it does not matter if it is an MeNB-cell’s or SeNB-cell’s path loss which has changed for the power situation to change in the UE). So therefore we think that if the MeNB has “ordered” frequent updates from the UE then the UE shall report PHR frequently to the MeNB, regardless for which cell the pathloss has changed. Similarly, if the SeNB has “ordered” infrequent updates from the UE then the UE shall report PHR infrequently to the SeNB. Or in other words; if the MeNB has configured a low dl-PathlossChange value then the MeNB shall get a PHR whenever the path loss has changed by this low dl-PathlossChange for any Serving Cell, regardless of if the SeNB uses a high dl-PathlossChange. This can be achieved with Alternative 2.
With Alternative 1 however, the UE will not report PHR to the MeNB with a 1 dB “frequency” for SCG-cell, but will instead apply a 6 dB “frequency” for SCG-cells. So the MeNB will not receive PHRs as often as it has “ordered”.
Based on the above we propose that Alternative 2 shall be adopted:
Proposal 3 When evaluating whether to send a PHR in a CG due to path loss change, the UE shall apply the dl-PathlossChange associated to that CG to Serving Cells in both CGs.
It shall be noted that RAN2 has agreed that “Pathloss change […] triggers PHR for both MAC entities”. We understand the meaning of this agreement to be that the UE shall trigger PHR towards both MeNB and SeNB whenever the UE sends a PHR triggered by path loss change in either CG. This would mean that if only the S-MAC considers the path loss to have changed (but not the M-MAC) the UE would anyway trigger a PHR towards the MeNB.

We think that this agreement was taken too early and not considering that the UE will have different dl-PathlossChange values for the MeNB and SeNB. E.g. in the example in Figure 1 the UE would send PHR to the SeNB whenever the PHR changes 1 dB, even though the SeNB has “ordered” PHRs only when the path loss has changed 6 dB. In practice this would mean that the UE uses only the lower value (1 dB) even if it has been configured with two different values.

We therefore propose:

Proposal 4 Path loss change triggers PHR in the MAC entity in which the path loss is considered changed (not in both MAC entities).

In the annex we have shown how the power headroom-section would look like if the above proposals are adopted.
3 Conclusion

We propose the following:
Proposal 1
Confirm that the UE shall send PHR to both eNBs upon PSCell addition.
Proposal 2
The UE shall send a PHR in the event of “addition of PCell of the SCG”.
Proposal 3
When evaluating whether to send a PHR in a CG due to path loss change, the UE shall apply the dl-PathlossChange associated to that CG to Serving Cells in both CGs.
Proposal 4
Path loss change triggers PHR in the MAC entity in which the path loss is considered changed (not in both MAC entities).
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5 Annex

Below a text proposal for the power headroom section in the MAC specification is shown which incorporates the proposals related to PHR in this contribution.

	5.4.6
Power Headroom Reporting

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 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.

The reporting period, delay and mapping of Power Headroom are defined in subclause 9.1.8 of [9]. RRC controls Power Headroom reporting by configuring the two timers periodicPHR-Timer and prohibitPHR-Timer, and by signalling dl-PathlossChange which sets the change in measured downlink pathloss and the required power backoff due to power management (as allowed by P-MPRc [10]) to trigger a PHR [8].

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 of any CG which is used as a pathloss reference since the last transmission of a PHR when the UE has UL resources for new transmission in this CG;
-
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.
-
addition of PCell of the SCG.
-
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 activated Serving Cells of any CG 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.

NOTE:
The UE should avoid triggering a PHR when the required power backoff due to power management decreases only temporarily (e.g. for up to a few tens of milliseconds) and it should avoid reflecting such temporary decrease in the values of PCMAX,c/PH when a PHR is triggered by other triggering conditions.
If the UE has UL resources allocated for new transmission for this TTI:

-
if it is the first UL resource allocated for a new transmission since the last MAC reset, start periodicPHR-Timer;

-
if the Power Headroom reporting procedure determines that at least one PHR has been triggered and not cancelled, and;

-
if the allocated UL resources can accommodate a PHR MAC control element plus its subheader if neither extendedPHR nor dualConnectivityPHR is not configured, or the Extended PHR MAC control element plus its subheader if extendedPHR is configured, or the Dual Connectivity PHR MAC control element plus its subheader if dualConnectivityPHR is configured, as a result of logical channel prioritization:

-
if extendedPHR is configured:

-
for each activated Serving Cell with configured uplink:

-
obtain the value of the Type 1 power headroom;

-
if the UE has UL resources allocated for transmission on this Serving Cell for this TTI:

-
obtain the value for the corresponding PCMAX,c field from the physical layer;

-
if simultaneousPUCCH-PUSCH is configured:

-
obtain the value of the Type 2 power headroom for the PCell;

-
if the UE has a PUCCH transmission in this TTI:

-
obtain the value for the corresponding PCMAX,c field from the physical layer;

-
instruct the Multiplexing and Assembly procedure to generate and transmit an Extended PHR MAC control element as defined in subclause 6.1.3.6a based on the values reported by the physical layer;
-
else if dualConnectivityPHR is configured:

-
for each activated Serving Cell of all CGs with configured uplink:

-
obtain the value of the Type 1 power headroom;
-
if the UE has UL resources allocated for transmission on this Serving Cell for this TTI:

-
obtain the value for the corresponding PCMAX,c field from the physical layer;
-
if simultaneousPUCCH-PUSCH is configured for this CG:

-
obtain the value of the Type 2 power headroom for the PCell of this CG;

-
if the UE has a PUCCH transmission in this TTI on the PCell of this CG:
-
obtain the value for the corresponding PCMAX,c field from the physical layer;

-
obtain the value of the Type 2 power headroom for the PCell of the other CG;

-
if the UE has a PUCCH transmission in this TTI on the PCell of the other CG:

-
obtain the value for the corresponding PCMAX,c field from the physical layer;

-
instruct the Multiplexing and Assembly procedure to generate and transmit a Dual Connectivity PHR MAC control element as defined in subclause 6.1.3.6b based on the values reported by the physical layer;
-
else:

-
obtain the value of the Type 1 power headroom from the physical layer;

-
instruct the Multiplexing and Assembly procedure to generate and transmit a PHR MAC control element as defined in subclause 6.1.3.6 based on the value reported by the physical layer;

-
start or restart periodicPHR-Timer;

-
start or restart prohibitPHR-Timer;

-
cancel all triggered PHR(s).




Figure � SEQ Figure \* ARABIC �1�: dl-PathlossChange configuration example.
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