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1 Introduction

‘PHR Trigger for Power Reduction Due to Power Management’ was agreed last meeting [1]. There are some ambiguity in the agreed text. Moreover, the agreed trigger may not work properly in the carreir aggregation. In this contribution, it is clarified what the agreed trigger really means, and the issue w.r.t carrier aggregation is discussed. 

2 Discussion 
Whether the new PHR trigger is unambiguous
The new trigger highlighted with the green was agreed last meeting. 

	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 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 and the additional power backoff due to power management (as allowed by P-MPR [10]) for at least one activated Serving Cell with configured uplink has changed more than dl-PathlossChange dB since the last transmission of a PHR when UE has UL resources for new transmission.


It is not very clear from the text what the new trigger really means. Two possible interpretations are; 1) PHR is triggered when PCMAX changes significantly or 2) PHR is triggered when P-MPR changes significantly. 
As per current RAN4 agreement, P-MPR affects PCMAX_L as below.

PCMAX_L = MIN { PEMAX – ΔTC,  PPowerClass – MAX(MPR + A-MPR, P-MPR) – ΔTC}

UE chooses PCMAX between PCAMX_H and PCMAX_L. Hence the interpretation 2 means PHR is triggered when PCMAX_L changes in case P-MPR is larger than the sum of MPR and A-MPR.
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According to [1] the interpretation 2 is right one. It is proposed to confirm the understanding that PHR is triggered when P-MPR changes more than a predefined threshold. 

Proposal 1: To discuss whether PHR is triggered when P-MPR changes more than a predefined threshold. 

If confirmed, rewording is required. Our proposal is as below. 
	…
-
prohibitPHR-Timer expires or has expired and P-MPR for at least one activated Serving Cell with configured uplink has changed more than dl-PathlossChange dB since the last transmission of a PHR when UE has UL resources for new transmission.


From the offline discussion during this week, it found out that many companies believe interpretation 1 is the right one. If so, better wording seems required to capture correctly what this trigger really means.

Proposal 2: If interpretation 1 is the right one, to discuss what is the current intended behaviour and how to capture it clearly. 
Whether the new PHR trigger works well in carrier aggregation
Before heading into the discussion, it may be useful to discuss how P-MPR would work. In our understanding, what really needs to be done is to limit the overall power of LTE part to a certain level when parallel transmission from other RAT is performed. The overall procedure could be generalized as below. 
· Other RAT (e.g. 1xRTT) starts transmission.

· The allowed transmission power to LTE part decreases.
· Power management function calculates the maximum LTE transmission power which fulfils SAR regulation.

· Power management function distributes the transmission power to LTE uplink transmissions. 

P-MPR is applied to limit total LTE uplink transmission powers to a certain value. However, P-MPR is applied per Cell. Due to this discrepancy P-MPR changes a lot when the number of transmitting Cells changes. 
An example is provided in table 2.

<Table 1>

	Assumed Scenario
	

	1. Allowed transmission power for the UE at a given time to meet SAR regulation
	250 mW

	2. Required transmission power for other RAT
	100 mW

	3. Allowed transmission power for LTE 
	150 mW


In the scenario described above, P-MPR and PCMAX,C for each Serving Cell changes a lot depending on the number of transmitting Serving Cells. Note that the example is a bit simplified for easier understanding (e.g. PCMAX,C_L not PCMAX,C is delivered from P-MPR, but in the table it is described as like PCMAX,C is delivered). In the scenario below, required uplink transmission power is assumed to be large so that the effect of P-MPR is visible.
<Table 2>

	Scenario 1: Only one Cell performs uplink transmission

	
	Uplink transmission
	PCMAX,C_H
	P-MPR
	PCMAX,C (=PCMAX_H – P-MPR)
	Transmission power
	Total LTE power

	Cell 1
	Yes 
	200 mW
	50 mW
	150 mW
	150 mW
	150 mW

	Cell 2
	No
	200 mW
	0 mW
	200 mW
	0 mW
	

	Scenario 2: Both Cells perform uplink transmission

	
	Uplink transmission
	PCMAX,C_H
	P-MPR
	PCMAX,C
	Transmission power
	Total LTE power

	Cell 1
	Yes
	200 mW
	50 mW
	150 mW
	100 mW
	150 mW (scaled down from 200 mW)

	Cell 2
	Yes
	200 mW
	50 mW
	150 mW
	100 mW
	


To explain a little bit, P-MPR is determined such that total LTE power does not exceed the allowed maximum transmission power. In the scenario above, UE maximum power of 200 mW should be reduced to 150 mW, hence P-MPR is 50 mW. The P-MPR is applied to PCMAX,C determination so that uplink transmission power of each Cell is determined. It is assumed in the scenario above, uplink transmission power is assumed to be 100 mW. Required total LTE power is 200 mW and scaled down to 150 mW by reducing each Cell’s transmission power equally. 
In both scenarios, there is no change in the required LTE transmission power and the total LTE transmission power. However P-MPR of Cell 2 changes from 0 mW to 50 mW.
It is because P-MPR also changes when a certain Cell switches between the virtual transmission and the real transmission. For virtual transmission, P-MPR is zero regardless of whether power management power reduction is applied or not. However, once the real transmission takes place in the Cell, P-MPR changes from zero to real P-MPR, which may trigger PHR unnecessarily. 

Observation 2: Current PHR trigger based on P-MPR change produces unnecessary PHRs frequently. 

Possible solutions
As seen in table 2, P-MPR of a Cell may change very drastically if the Cell did not transmit uplink when the previous PHR was sent but transmit uplink in this TTI. We understand it is quite normal case and would happen frequently. Hence it is essential to filter out unnecessary PHR triggered in such cases. There seem three solutions as listed below. 
Solution 1: Do not apply the PHR trigger if uplink carrier aggregation is configured.

The problem occurs only when uplink carrier aggregation is configured. We assume uplink carrier aggregation is not likely to be configured when uplink transmission is performed in other RAT. Hence the simplest and still acceptable solution would be to disable the P-MPR PHR trigger if uplink carrier aggregation is configured.  

Solution 2: To introduce a new condition to prevent PHR triggering because of virtual to real switching.
 We don’t have text proposal yet, however it may be possible to agree on the principle that some filering mechanism is introduced to avoid unnecessary PHR triggering..


3 Conclusion
Following proposals are made;

Proposal 1: To discuss whether PHR is triggered when P-MPR changes more than a predefined threshold. 

Proposal 2: If interpretation 1 is the right one, to discuss what is the current intended behaviour and how to capture it clearly. 
It is proposed to go for solution 1. A draft CR is presented in [2].
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