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Discussion 
1 Introduction

‘PHR Trigger for Power Reduction Due to Power Management’ was agreed some meetings ago [1] as below;

	A Power Headroom Report (PHR) shall be triggered if any of the following events occur:

-
…
-
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.


In this contribution, following two issues are addressed;

· What is “additional power backoff due to power management”?

· Whether the new trigger works in the carrier aggregation?
2 Discussion 
Quick summary on RAN4 agreements

The agreements w.r.t P-MPR both for carrier aggregation and for non-carrier aggregation can be found in [2]. Following is the short summary of the agreements.
· Both maximum configured transmit power per CC (PCMAX,c) and maximum configured transmit power per UE (PCAMX) are defined.

· For maximum configured power for a CC; 
· PCMAX_L,c ≤  PCMAX,c  ≤  PCMAX_H,c
· PCMAX_L,c is affected by P-MPRc as below;
· PCMAX_L,c = MIN { PEMAX,c – TC,c– TIB,c,  PPowerClass – MAX(MPR c + A-MPR c, P-MPR c) – TC, c– TIB,c }
· For maximum configured power for a UE; 
· PCMAX_L_CA ≤  PCMAX  ≤  PCMAX_H_CA
· PCMAX_L_CA is affected by P-MPR as below;
· PCMAX_L _CA = MIN{10 log10 ∑ pEMAX,c  - TC , PPowerClass – MAX(MPR + A-MPR, P-MPR ) – TC}
There are two types of P-MPR; P-MPRc applied to each Serving Cell and P-MPR applied to UE. In this paper, we will denote them P-MPRc and P-MPRue respectively.

What is additional power backoff due to power management? 
If we define power backoff as the difference between the PCMAX_H,c and PCMAX,c, additional power backoff due to power management is not clear because of followings;

· There is one and only one power backoff which is the difference between PCMAX_H,c and PCMAX,c. Hence what is “additional” is not clear; 
· PCMAX,c is affected by P-MPRc in second handed manner. P-MPRc affects PCMAX_L,c, which is lower bound for PCMAX,c. It may not always be possible to tell whether the power backoff is affected by P-MPRc or not. It is further explained in the figure below.
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Fig 1
As seen in the figure, [B] is dominated by P-MPRc or non P-MPRc (i.e. the sum of MPRc and A-MPRc). Hence one can consider “the additional power backoff due to power management (as allowed by P-MPR [10])  has changed more than x dB” is the case that power backoff [A] has changed more than x dB and is dominated by P-MPRc. However, because [A] is not affected by P-MPRc directly, it is sometimes impossible to tell whether backoff [A] is dominated by P-MPRc or not. For example;   
<Table 1>

	
	Case 1
	Case 2
	Case 3

	Ppowerclass
	23 dBm
	23 dBm
	23 dBm

	MPRc + A-MPRc
	6 dB
	2 dB
	6 dB

	P-MPRc
	2 dB
	6 dB
	5 dB

	PCMAX_L,c
	17 dBm
	17 dBm
	17 dBm

	PCMAX,c
	19 dBm
	19 dBm
	20 dBm

	power backoff
	4 dB
	4 dB
	4 dB

	Note
	A-MPR/MPR > backoff > P-MPR
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Note: In the table, for simplicity, it is assumed that PCMAX,_L,c is the difference between Ppowerclass and Max [MPRc + A-MPRc, P-MPRc] without considering other parameters like ∆Tc. 

In case 1, P-MPRc is smaller than power backoff. Power backoff is clearly not dominated by P-MPRc in this case. In case 2, because A-MPRc/MPRc is smaller than power backoff, it is clearly not dominated by them. On the other hand, P-MPRc is greater than power backoff; hence one can consider P-MPRc dominates power backoff. In case 3, both MPRc and the sum of A-MPRc/MPRc are greater than backoff. It seems difficult to tell whether power backoff is dominated by P-MPRc or by A-MPRc/MPRc.
It may be envisioned that UE is always aware of which factor dominates the power backoff because UE itself determines the amount of power backoff considering OOB emission requirement and SAR requirement. So to say, denote by RBO_A the required power backoff to meet the Out Of Band emission requirement (e.g. backoff due to MPRc and A-MPRc) and denote by RBO_P the required power backoff to meet the SAR requirement (e.g. backoff due to P-MPRc), in principle UE is aware of RBO_A and RBO_P. The resulting power backoff is the larger one between them which can considered as dominating power backoff.

One problem is that RBO_A and RBO_P are hidden behind UE implementation and not testable. Given that P-MPR trigger is not to be tested, modelling the PHR trigger based on RBO_P (i.e. required backoff due to P-MPRc or due to power management) seems acceptable.
Proposal 1: To agree that the new PHR trigger is about the change on the required backoff due to power management.

Text proposal is shown below.

-
prohibitPHR-Timer expires or has expired and the required 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.
Note 1: the “required power backoff for power management” is independent of whether the required power management backoff actually determined the applied backoff in this TTI,  i.e. regardless of whether the backoff required for power management is higher or lower than the power backoff required for other reasons.
If we go this way, one can argue that unnecessary PHR is triggered when RBO_P is smaller than RBO_A because PHR contains PCMAX,c determined from RBO_A. 
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Fig 2
In the example above, PHR is triggered at [A], [B], [C] and [D] but only the PHR at [B] contains the information regarding power backoff due to power management. It may or may not be a problem; however reporting PHR when real backoff is not affected by power management is useless. The problem could be solved by triggering PHR only when the backoff due to power management is changed more than a threshold and the backoff due to power management is greater than backoff due to other reason than power management (as allowed by MPR and A-MPR[10]). Text proposal is shown below.
-
prohibitPHR-Timer expires or has expired, the required 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 and the required power backoff due to power management of the Serving Cell is greater than the required power backoff due to other reason than power management (as allowed by MPR and A-MPR [10]) of the Serving Cell when UE has UL resources for new transmission.
Proposal 2: To discuss whether a mechanism to not trigger PHR when real backoff does not change is needed or not. 
How it works in carrier aggregation? 
For the discussion, let’s summarize the uplink power control procedure. 
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Fig 3
P-MPRc is applied in step 2 and affects PCMAX_L,c. P-MPRue is applied in step 5 and affects PCMAX,c. P-MPRc and P-MPRue may or may not be same depending on intra/inter-band aggregation. 
What needs to be reported to ENB scheduler is how much transmission power can be allocated to UE. In that sense, to work properly in carrier aggregation, followings need to be ensured.
· PHR is triggered when uplink power headroom changes significantly due to P-MPR. 

· PHR contains the necessary information from which ENB determines UE level power headroom.

The first one can be achieved by designing PHR trigger properly. The second one is a bit controversial. In the current PHR format, Pcmax,c per Cell (determined in step 3) is reported. However, in carrier aggregation, more important information would be Pcmax which is determined in step 5.
Let’s have an example.
<Table 2>

	Assumed Parameters
	

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

	2. Required transmission power for other RAT
	50 mW

	3. Allowed transmission power for LTE 
	150 mW


Note that the example is a bit simplified for easier understanding (e.g. PCMAX,C_L is actually derived from P-MPR, but in the table it is described as like PCMAX,C is derived from P-MPR). In the examples below, required uplink transmission power is assumed to be large so that the effect of P-MPR is visible.

In the scenario of table 2, assuming intra-band case, P-MPRue will be determined as 50 mW (=200 - 150). If two Cells perform uplink transmissions as below, P-MPRc will be same as P-MPRue; the resulting total LTE power would be 150 mW after scaling as shown below.
	
	Required Uplink Tx Power
	PCMAX,C_H
	P-MPR
	PCMAX,C (=PCMAX_H – P-MPR)
	Transmission power before scaling
	Transmission power before scaling
	Total LTE power (after scaling)

	Cell 1
	100 mW
	200 mW
	50 mW
	150 mW
	100 mW
	75 mW
	150 mW

	Cell 2
	100 mW
	200 mW
	50 mW
	150 mW
	100 mW
	75 mW
	


PHR reports Power Headroom as 50 mW (=PCMAX,c – required uplink Tx power) and PCMAX,c as 150 mW for each Cell respectively. With this information, ENB gets to know that 100 mW is used for each Cell. Because there is no information regarding P-MPRue (or PCMAX), ENB consider there is no power scaling and the current power allocation is fine. In fact, ENB shall allocate less power to avoid power scaling, but it’s not possible with the information carried in the current PHR. Note that the problem exist only when P-MPRue is applied; because without P-MPRue PCMAX is static and known to ENB. 
Problem 1: Due to lack of P-MPRue (or PCMAX), current PHR does not provide all the necessary information for proper scheduling in case of carrier aggregation (especially if multiple Cells are performing uplink transmission).
To solve the problem 1, one obvious solution is to provide P-MPRue (or PCMAX) in PHR. We are a bit reluctant to this type of solution. Per UE PHR has been discussed intensively to be not part of REL-10. Reverting decision is not welcomed unless really needed. 
If we don’t solve the problem 1, remaining choice would be to accept the limitation and requires ENB to take care of it (i.e. does not schedule multiple uplink transmissions if P-MPR is present). 
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Fig 4
Then what needs to be ensured is that PHR is triggered when P-MPR starts to be applied (e.g. at ‘A’) and when P-MPR stops to be applied (e.g. at ‘B’). Existing PHR trigger does not ensure it 100%. At ‘A’, P-MPR could be too small to trigger PHR. At ‘B’ PHR may not be triggered at all because power backoff is not determined by P-MPR. However, considering following two points above limitation would be acceptable hence new PHR trigger may not be needed.
· In the entry scenario (at ‘A’), PHR may not be triggered immediately, but will be triggered sooner or later. That PHR is not triggered means there is no urgent information to be sent. Hence triggering PHR a bit later shouldn’t be a big problem.
· In the exit scenario (at ‘B’), PHR will not be triggered due to P-MPR at all. However, PHR triggered due to other reason will give the information that P-MPR is no longer applied (because of P bit setting). Moreover PHR for increased power headroom is usually less important. Hence it shouldn’t be a big problem. 

Observation 1: ENB needs to refrain from scheduling multiple uplink transmissions during when P-MPR is applied.
Observation 2: With the current PHR trigger, ENB is able to know with some delay when P-MPR is applied and when P-MPR is not applied.

Another issue to be discussed is that PHR is triggered unnecessarily when a Cell is switching from virtual transmission to real transmission or vice versa. It is because P-MPR is assumed zero in virtual transmission. If P-MPR is applied, whenever virtual transmission switches to real transmission or vice versa, P-MPR changes from zero to real value, which may trigger PHR unnecessarily.

Problem 2: PHR is triggered unnecessarily when a Cell is switching from virtual transmission to real transmission or vice versa.

To solve the problem, PHR triggering condition needs to be refined to filter out such case. One example would be;
-
prohibitPHR-Timer expires or has expired and the required 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.
Note 1: the “required power backoff for power management” is independent of whether the required power management backoff actually determined the applied backoff in this TTI,  i.e. regardless of whether the backoff required for power management is higher or lower than the power backoff required for other reasons.
Note 2: in case there is no UL transmission on a certain Serving Cell in a certain subframe, there is no required power backoff due to power management for this Serving Cell. Therefore these TTIs shall not be considered in the trigger evaluation.
Considering impacts to the specification, it is questionable whether PHR triggering for Power Management is an essential feature for carrier aggregation. It can be considered that carriers are already aggregated because 1xRTT is also a carrier. Furthermore voice is already served in the other RAT e.g. 1xRTT; therefore LTE carrier will be used only for data traffic. Not applying PHR triggering for Power Management during when uplink carrier aggregation is configured (or uplink transmission is performed in other RAT) may be an acceptable solution.
Proposal 3: To discuss whether it is necessary to apply PHR triggering for Power Management is essential feature to be supported at the expense of complexity.

3 Conclusion
Two issues are addressed and two proposals are made.
To make clear PHR trigger due to Power Management, following proposal is made.

Proposal 1: To agree that the new PHR trigger is about the change on the required backoff due to power management.

It is also proposed to discuss whether enhancement is needed to filter out unnecessary PHR triggering.

Proposal 2: To discuss whether a mechanism to not trigger PHR when real backoff does not change is needed or not. 

To resolve the problem when PHR trigger due to Power Management and carrier aggregation, following proposal is made.

Proposal 3: To discuss whether it is necessary to apply PHR triggering for Power Management is essential feature to be supported at the expense of complexity.

In our view, enhancements proposed to be discussed in proposal 2 and 3 may not be needed in this release.
A draft CR capturing our view is present in [3] 
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