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1
Introduction
The following agreements were reached on PHR triggers for CA in the last meeting.
1:
There shall be one dl-PathlossChange parameter per UE.

2:
There shall be one periodicPHR-Timer timer per UE i.e. only 1 value configured, and only 1 timer running in the UE valid for all CC's

3:
It shall be allowed to transmit a PHR report on any UL CC, e.g. PHR of CC1 can be sent on CC2.

4:
Only one prohibitPHR-Timer value is configured. FFS if we have a timer running per CC or for the UE as whole.
In this contribution, we address the points FFS and discuss whether new trigger is needed in the context of CA.
2
Per CC or Per UE prohibit timer
The PHR triggers we have now for Rel-8/9 are [1]

-
prohibitPHR-Timer expires or has expired and the path loss has changed more than dl-PathlossChange dB since the transmission of a PHR when UE has UL resources for new transmission;

-
periodicPHR-Timer expires;

-
upon configuration or reconfiguration of the power headroom reporting functionality by upper layers [2], which is not used to disable the function.

With the agreement from the last meeting that there is only one periodicPHR-Timer timer in the UE valid for all CC's (which would be restarted when PHR is sent). Two questions remain: 

1) Whether Prohibit timer is running per CC or per UE, 

2) Whether PL change on one CC should trigger PHR for others
The following discussion assumes that pathloss might change more on some serving cells than on others (serving cells on different frequency bands), e.g. for the case where not all the serving cells are using PCell as pathloss reference (pathloss reference can either be SIB2 linked DL CC or PCell [3]). 

Figure 1~3 illustrate how PHR would work with different answers to above questions.
At T1: first PHR is triggered upon configuration, PHR for Cell 1 and Cell 2 transmitted, Periodic Timer and Prohibit Timer (for both Cell 1 and Cell 2 if running per CC) started;
At T2: Prohibit Timer expire, evaluating whether PL change compare to last PHR transmission (T1) exceed threshold, Yes for Cell 1 and No for Cell 2. 

Option 1: Per CC prohibit Timer; PL change on one CC does not trigger PHR of CCs
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Figure 1: Per CC prohibit Timer; PL change on one CC does not trigger PHR of CCs
At T2: PHR transmitted only for Cell 1 and Prohibit Timer restarted only for Cell 1. 
At T3: PHR for Cell 2 will be transmitted when PL threshold met and Prohibit timer for Cell 2 restarted. 
It conflicts with the concept of providing all needed PHRs to the eNB at the same TTI, even the Per UE periodic timer would not help because it is restarted every time when PHR is transmitted for certain CCs because of PL change.
Option 2: Per UE prohibit Timer; PL change on one CC does not trigger PHR of CCs:
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Figure 2: Per UE prohibit Timer; PL change on one CC does not trigger PHR of CCs
At T2: PHR transmitted only for Cell 1 and per UE Prohibit Timer restarted. 
At T3: PHR for Cell 2 is prohibited even if PL threshold exceed compare to T1 which is the last PHR for it and delayed until next prohibit timer expiration.

The delay is even longer compared to Rel-8 when there are no multiple Cells, the PHR for Cell 2 would have been transmitted at first Periodic Timer expiration if that was not interrupted by PHR for Cell 1. In addition to the extra delay, such interaction between serving cells might complicate eNB parameter setting with the agreed one set of parameters.
Option3: Per UE prohibit Timer; PL change on any CC triggers PHR of all scheduled CCs
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Figure 3: Per UE prohibit Timer; PL change on any CC triggers PHR of all scheduled CCs
At T2: per UE Prohibit timer restarted and PHR for both Cells transmitted. 

At T3: The threshold is not met any longer for Cell 2 compare to T2 as PHR for Cell 2 was also transmitted.

It is simplest for timer maintenance and parameter configuration; meanwhile it provides PHR for both Cells at the same TTI to the eNB.
Option 4: Per CC prohibit Timer; PL change on one CC triggers PHR of CCs:

At T2: PHR for Cell 1 and Cell2 which will restart the Prohibit Timer for both cells.

Per CC prohibit timers are basically in-sync, which is equivalent to per UE prohibit timer, i.e. option 3.

As analysed above, option 3 is simplest and most efficient, we propose to adopt option3.
Proposal 1: One prohibit timer running per UE.
Proposal 2: Pathloss change on any CC triggers PHR of all the scheduled CCs
3
Other triggers
With activation/deactivation introduced for CA, we see some benefit to trigger PHR upon SCell activation because the power allocation in the UE varies a lot depending on different number of serving cells under communication, which is similar as the trigger upon configuration in Rel-8.
Proposal 3: Trigger PHR upon SCell activation.
4
Conclusion
PHR triggers for CA are discussed in this contribution with following proposals proposed:
Proposal 1: One prohibit timer running per UE.
Proposal 2: Pathloss change on any CC triggers PHR of all the scheduled CCs

Proposal 3: Trigger PHR upon SCell activation.
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