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1 Introduction
This paper discusses the impacts of Power Headroom Reporting (PHR) when introducing multiple Timing Advance Groups.

2 Impacts on PHR
With the introduction of multiple Timing Advance Groups this may have an impact on the Power Headroom Reports for a UE. We have identified the following PHR issues that we will analyze in this document:
1. Is there a need to change the conditions for when PHR is triggered?

2. Is there a need to change the rules for which cells that are included in a PHR?

Both of these different questions are analyzed in the following sections.

Figure 1 below shows four different traffic scenarios that we will use as reference.
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This picture illustrates an SCell that is activated and that is used in four different traffic
scenarios: A, B, C, and D.

The questions are: when shall this SCell trigger a PHR report, and in which cases shall
the SCell be included in the PHR report?




Figure 1
2.1 Change Trigger Conditions for PHR?

In the current specification PHR reporting is triggered in the following cases: when an SCell with a configured uplink is activated, when the pathloss has changed above a certain threshold, periodically, and when the PHR reporting is reconfigured. The question is if due to the introduction of SCells with different Timing Advance Groups, there is a need to change these trigger conditions.
Since PHR measurements are only used for uplink traffic it could be argued that it would be better to trigger PHR reporting when an SCell is put in UL sync, instead of when the cell is activated. However, reporting PHR already at activation may have the advantage of allowing a PHR report to be sent earlier so that the information in the report can be used sooner than if reported after the cell has been set in uplink sync.

The following table compares the current functionality with the alternative to trigger PHR when: “trigger PHR report when an SCell becomes uplink synchronized”.
	
	Is there a gain in changing the current triggering conditions?
(at the arrows in the figure)
	Current Functionality:

Trigger PHR at SCell activation
	Analyzed functionality:

Trigger PHR when SCell becomes UL synchronized

	
	
	Configured UL
	Not Configured UL
	

	A
	No, since in this case the eNB should configure the SCell without an UL
	Triggered
	Not Triggered
	Not Triggered

	B
	No, since the PHR was triggered at activation.
	Not Triggered

	Not Triggered
	Triggered


	C
	No, since in this case the eNB should configure the SCell without an UL
	Triggered
	Not Triggered
	Not Triggered


	D
	No, since triggered in both cases
	Triggered
	Not Triggered
	Triggered


The following observations can also be made:
· Both alternatives will trigger PHR reporting before, or just before, uplink traffic is started.

· In the current functionality the PHR report will sometimes be triggered earlier than for the other alternative, which may in some cases be an advantage for the eNB.
· Changing the triggering conditions between different releases with no apparent gain will only cause unnecessary design and testing cost.
From this analysis it has been shown that there is no advantage of changing the PHR mechanism so that it will be triggered when an SCell is put in uplink sync instead of when it is activated.
Proposal 1: There is no need to change the existing Rel-10 behaviour for when a PHR is triggered.
2.2 Which Cells to Include in a PHR?

In the current specification all active serving cells with a configured uplink are included in an extended PHR MAC control element.
Since PHR measurements are only used for uplink traffic it could be argued that it would be better to only include those SCells in a PHR report that are in UL sync, instead of all cells that are activated. However, if uplink traffic will soon start, it may be useful to still include an SCell in a PHR report even though it is not yet in uplink sync.

The following table compares the current functionality with the alternative: “include an SCell in a PHR if activated and in uplink sync”.
	
	Is there a gain in changing the current set of SCells that are included in a PHR?
(at the dashed lines in the figure)
	Current Functionality:

Include activated cells in the PHR
	Analyzed Functionality:

Include cells that are in UL sync in the PHR

	
	
	Configured UL
	Not Configured UL
	

	A
	No, since in this case the eNB should configure the SCell without an UL
	Included
	Not Included
	Not Included

	B
	No, since included in both cases
	Included
	Not Included
	Included

	C
	No, since in this case the eNB should configure the SCell without an UL
	Included
	Not Included
	Not Included

	D
	No, since included in both cases
	Included
	Not Included
	Included


The following observations can also be made:

· In the current functionality the SCell may be included in PHR reports before the cell is put in uplink sync, which may in some cases be useful for the eNB.
· Changing the triggering conditions between different releases with no apparent gain will only cause unnecessary design and testing cost.
From this analysis it has been shown that there is no advantage of including only the SCells that are in uplink sync compared with including the SCells that are activated.
Proposal 2: There is no need to change the existing Rel-10 behaviour for which cells to include in a PHR report.
3 Summary
Proposal 1: There is no need to change the existing Rel-10 behaviour for when a PHR is triggered.
Proposal 2: There is no need to change the existing Rel-10 behaviour for which cells to include in a PHR report.
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