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Discussion and decision
1 Introduction
In RAN4 #57, a proposed WF on PHR for Release 10, R4-104927, was presented and agreed [1], [2]. 
The proposed WF was “on capturing additional backoffs related to multiple RAT transmissions and terminal power management in the PHR”. 
The following was proposed and agreed:
“Pcmax,c takes into account power management related additional backoff applied by the UE.”
From that tdoc, the intent of the additional backoff is to include “any backoff the UE applies that the eNB is not aware of.”

During the discussion, as captured in the RAN4 #57 meeting minutes [2], it was clarified that backoff due to SAR is included in this backoff.
In RAN2 #72, in R2-106899 [3], the following was observed:
“In LTE, when the UE needs to simultaneously transmit on LTE and another radio air technology, the UE may need to apply power backoff on LTE transmissions to ensure SAR requirements are met (required to be met 100% of the time). For example, when a 1x voice call is active on an SV-LTE UE, the UE may need to apply some power backoff (e.g., 5dB) to LTE transmissions. Since the current LTE PHR reporting mechanism does not take into account such backoff, the UE will effectively report an inflated power headroom. Unaware of the reduced power headroom in the UE, the eNB may assign an UL grant that the UE cannot support, which will increase the expected number of HARQ retransmissions and the average delay of the packets. In the other case, when the 1x voice call has ended, the eNB again is not aware of the increased power headroom. The result is the UL grants will be too conservative and thus air interface capacity cannot be fully utilized. Since the transmission on the other RAT may vary dynamically, similar to pathloss, it may be difficult for the eNB to track the constantly changing power headroom that is not accounted for in the PHR.”

Based on this observation, the following was proposed:

“Agree to include a new PHR trigger that is based on Pcmax,c change alone without specific wording regarding simultaneous transmissions on other radio technologies”

We agree in principle with the intent of R2-106899, which is to trigger PHR in response to changing SAR/1X conditions, which manifest themselves in changing Pcmax,c, to avoid reduced throughput due to unsupportable grants and overly conservative grants.
We also agree that triggering PHR based on the change of Pcmax,c as proposed in R2-106899  would accomplish the desired goal; however, we observe that having a Pcmax,c change trigger PHR has two unintended consequences:
· Triggering PHR based on changed Pcmax,c (e.g., Pcmax,c change greater than a threshold), would result in a PHR trigger when there is a scheduling change that causes a sufficiently large change in MPR, such as a change in the set of SCells with UL grants, or a significant change in the grants themselves. PHR resulting from a change in MPR due to scheduling is not very useful to the eNB since it can approximate the change in MPR due to scheduling changes. Signaling non-useful information also wastes UL capacity. 

· Restarting the prohibit timer due to unnecessary PHRs triggered by Pcmax,c change would  result in unnecessarily eclipsing other PH triggering events that are important for the scheduler to be aware of (i.e. pathloss change) 

It would be good to avoid these unintended consequences when PHR is signalled because the change in Pcmax,c was due to a change in UL grants (i.e., changes in MPR/A-MPR).  
At RAN2 #72, following the discussion of R2-106899, it was concluded not to trigger based on changed (A)MPR [4]:

=>
Will have to make sure the eNB is quite accurately aware of Pcmax changes due to terminal power management (not including (A)MPR) changes in Rel-10. Can study further whether this requires additional PHR triggering and how the trigger would look in detail.
In this contribution we discuss the possibility of additional PHR triggering when Pcmax,c, or more generically power backoff, changes due to non-(A)MPR effects.  

2 Discussion
Need for PHR Trigger

Similar to pathloss changes, changes in power back-off due to non-LTE (non-(A)MPR) effects, such as SAR and simultaneous LTE and 1X operation, result in changes to UL power, and hence power headroom, that the eNB has no knowledge of without being directly informed by the UE.  Also similar to pathloss is that onset of a large change to the backoff (e.g., adding or removing it) can occur at any time and, when it does, the next periodic PHR can be a full period away.  
Consequently it is our view that it is important to inform the eNB of significant power backoff changes by triggering PHR. Without this trigger, the scheduler may provide the UE with unsupportable grants requiring power scaling or overly conservative grants.
Observation 1: It is important to trigger PHR when power backoff due to non-LTE (non-(A)MPR) effects is significant.
Prohibit Timer 

In the current MAC specification (section 5.4.6 of [8]), following transmission of a PHR, additional PHR due to changed pathloss is blocked by the prohibit timer. The intent of the prohibit timer is to prevent excessive signaling of PHR . It is our belief that transmission of PHR due to changing power backoff due to non-LTE (non-(A)MPR) effects should also reset the prohibit timer. 

Proposal 1. Transmission of PHR due to changing power backoff due to non-LTE (non-(A)MPR) effects should reset the prohibit timer.
In addition, there have been discussions on the possible rate of change of SAR effects.  In RAN2 #72, the discussion was that change could be as fast as 20ms and that a typical period for periodic PHR may be 200ms  [4].  To handle the possibility of fast update or jitter, it would make sense to follow the same logic as for pathloss changes and limit the frequency of sending the PHR for changes in backoff and, therefore, subject the transmissions to the prohibit timer.

Proposal 2: PHR transmission due to change in power backoff due to non-LTE (non-(A)MPR) effects should be subject to the prohibit timer.
What to Trigger On
It has been proposed [3] to trigger the PHR based on a change in Pcmax,c.  This, however would have the unintended result that PHR would be triggered based on changes in MPR (e.g., due to a change in Scells with grants or to a significant change in UL grants).  In addition, due to the reset of the prohibit timer, PHR due to pathloss changes would be unnecessarily blocked.  
The proposal in [3] is to use Pcmax,c as the trigger “without specific wording regarding simultaneous transmissions on other radio technologies.”We agree that it is a good idea to avoid specific wording on the reason for the non-LTE backoff, but a different way of specifying it, other than based on Pcmax,c change, is needed to avoid the unintended consequences.
We suggest to look at Pcmax,c.  Since it is not yet specified for R10, we will use Pcmax as currently specified for R8/9 for a single carrier, and extend the equations to be carrier specific similar to what has been done in some RAN4 tdocs such as R4-103482 [5].
For the case of LTE signals only, the UE is allowed to set its maximum output power PCMAX (Pcmax,c when extended to R10) within the limits specified in 36.101 (see the appendix).  As a function of the signals being transmitted, the UE is permitted to reduce its maximum output power to avoid exceeding out of band emission limits. The UE, based on its implementation, may use the full allowed power reduction, or a lesser value.  In each subframe, i, for a given CC, the UE will determine its required power reduction based on LTE configuration and grants, call it MPRactual,c(i) and the maximum allowed output power in that subframe becomes: 

PCMAX,c(i) = MIN { PEMAX,c ,  PPowerClass – MPRactual,c(i)  – TC,c}
Where
-
PEMAX,c is the maximum power signalled by higher layers (for the CC).
-
PPowerClass is the maximum UE output power for the UE’s class 
-
MPRactual,c is the actual power reduction the UE took due to MPR/A-MPR effects (for the CC). 

-    TC,c is a fixed power offset that is a function of the transmission BW (for the CC).
How the additional power backoff for SAR/other radio technologies will be included in the UE determination of Pcmax,c is expected to be specified by RAN 4 [1].
One possibility is that power backoff due to non-(A)MPR effects is an additional term, call it Pbackoff,c(i), and the maximum allowed output power becomes:
PCMAX,c(i) = MIN { PEMAX,c ,  PPowerClass – MPRactual,c(i)   – Pbackoff,c(i) - TC,c}

More likely, however, is that the power backoff due to non-(A)MPR effects is not in addition to the MPR reduction, but is in parallel with the MPR reduction so that in effect the larger of the 2 reductions is used.  In this case, the maximum output power becomes:
PCMAX,c(i) = MIN { PEMAX,c ,  PPowerClass – MAX(MPRactual,c, Pbackoff,c(i)) - TC,c}

Either way (i.e., if either equation is used for PCMAX,c), it is observed that a change in the MPR power reduction (MPRactual,c) can result in a change in PCMAX,c. Consequently, simply using a change in PCMAX,c to trigger PHR would result in the unintended consequences of triggering due to changes in scheduling which would potentially delay important PH reporting due to pathloss.
It is, therefore, proposed to trigger PHR when the change in power backoff due to non-(A)MPR effects is sufficiently large, i.e., is greater than some threshold.

Proposal 3: Trigger PHR when the change in power backoff due to non-(A)MPR effects is greater than a threshold.

It is further observed that if power backoff due to non-(A)MPR effects is in parallel with MPR effects (as in the second equation), and if that backoff is less than the reduction for MPR effects, then PCMAX,c is not affected by changes in backoff due to non-(A)MPR effects.  In this case, triggering PHR based on a change in the amount of backoff due to non-(A)MPR effects would be unnecessary. It would be better to trigger PHR only when the power backoff due to non-(A)MPR effects dominates and there is an effect on PCMAX,c.  
As an alternative to the above proposal, PHR could be triggered when the non-(A)MPR power backoff impact on Pcmax,c changes by more than a threshold,  rather than when the non-(A)MPR power backoff  itself changes by more than a threshold.  A way to do this would be to compute Pcmax,c with the non-(A)MPR backoff and without the non-(A)MPR backoff and trigger PHR when the delta between the two changes by more than a threshold.  This, however, is an optimization that may have benefit in some cases, as described above, but the added complexity may not be warranted. 
Proposal 3-alt: Trigger PHR when the impact of power backoff due to non-(A)MPR effects on Pcmax,c  changes by more than a threshold.
3 Conclusion
We have reviewed additional power backoff due to non-(A)MPR effects and trigger conditions upon change of Pcmax,c. Based on this analysis we propose:
Proposal 1. Transmission of PHR due to changing power backoff due to non-LTE (non-(A)MPR) effects should reset the prohibit timer.
Proposal 2: PHR transmission due to change in power backoff due to non-LTE (non-(A)MPR) effects should be subject to the prohibit timer.
Proposal 3: Trigger PHR when the change in power backoff due to non-(A)MPR effects is greater than a threshold.

Proposal 3-alt: Trigger PHR when the impact of power backoff due to non-(A)MPR effects on Pcmax,c  changes by more than a threshold.
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5 Appendix

From section 6.2.5 in [6] (Configured transmitted Power):
The UE is allowed to set its configured maximum output power PCMAX. The configured maximum output power PCMAX is set within the following bounds:

PCMAX_L ≤  PCMAX  ≤  PCMAX_H 

Where

-
PCMAX_L = MIN { PEMAX – TC,  PPowerClass – MPR – A-MPR – TC}

-
PCMAX_H = MIN {PEMAX,  PPowerClass}

-
PEMAX is the value given to IE P-Max, defined in [7]
-
PPowerClass is the maximum UE power specified in Table 6.2.2-1 without taking into account the tolerance specified in the Table 6.2.2-1   [In Table 6.2.2-1, the only power class defined is Class 3 and for that class, PPowerClass is 23dbm with a tolerance of +/- 2dB]
-
MPR and A-MPR are specified in Section 6.2.3 and Section 6.2.4, respectively [from those tables, maximum MPR is 3dB, maximum A-MPR is 15dB]
-
TC = 1.5 dB when Note 2 in Table 6.2.2-1 applies

-
TC = 0 dB when Note 2 in Table 6.2.2-1 does not apply
[Note 2 from table 6.2.2-1:  For transmission bandwidths confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB ]
Calculation of PCMAX
From the equations: 

For PEMAX >= PPowerClass
PCMAX_L = PPowerClass – MPR – A-MPR – TC
PCMAX_H = PPowerClass
PPowerClass – MPR – A-MPR – TC ≤  PCMAX  ≤  PPowerClass
PCMAX =  PPowerClass – MPRactual  – TC satisfies the equation as long as MPRactual <= MPR + A-MPR
For PEMAX < PPowerClass
PCMAX_L = MIN { PEMAX – TC,  PPowerClass – MPR – A-MPR – TC}; equation doesn’t reduce since it depends on whether PPowerClass – MPR – A-MPR is less than PEMAX
PCMAX_H = PEMAX
MIN { PEMAX – TC,  PPowerClass – MPR – A-MPR – TC}; ≤  PCMAX  ≤  PEMAX
PCMAX =  PPowerClass – MPRactual  – TC satisfies the equation as long as MPRactual  <= MPR + A-MPR and PPowerClass – MPRactual  – TC<= PEMAX; otherwise, must clip at PEMAX since that is the max allowed.
Equation is therefore:
PCMAX = MIN { PEMAX,  PPowerClass – MPRactual  – TC}
