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Discussion and decision
1 Introduction
For proper scheduling, the eNB needs to know the level of backoff applied by the UE. This is possible for MPR since the relative change in scheduling since the last PHR can be used to approximate the change in MPR backoff, but this is not possible for power backoff due to non-(A)MPR effects, now also referred to as power management backoff or P-MPR backoff. The intent of the PHR trigger for P-MPR backoff is to provide the eNB with the P-MPR backoff applied by the UE to support proper scheduling decisions. This is accomplished via the report of Pcmax,c in the PHR which takes into account P-MPR backoff when the P-MPR backoff is the dominating factor in the Pcmax,c calculation. It was also agreed [2] to include in the PHR an indication of whether or not the P-MPR backoff is the dominating factor.
At RAN2-72bis in [3] alternatives for power management PHR triggering were identified:

- alt-3: Trigger PHR when the change in power backoff due to non-(A)MPR effects is greater than a threshold.
- alt-3a: Trigger PHR when the impact of power backoff due to non-(A)MPR effects on Pcmax,c  changes by more than a threshold.
In discussions at RAN2 #72-bis alt-3a was viewed as an optimization of alt-3 that minimized unnecessary power management triggering when the Pcmax,c calculation is dominated by MPR (i.e. power management has no effect).  At RAN2 #72-bis it was therefore agreed to capture alt-3 as a baseline and allow for further discussion on improvements offered by alt-3a [1].
At RAN2 #73, after further analysis in [4], it was found that alt-3a in addition to minimizing unnecessary triggers also provides important triggers when transitioning between MPR dominated and P-MPR dominated Pcmax,c calculations.  For the case shown in the figure below, the alt 3 method would result in the eNB using a too low value of P-MPR, since the trigger resulted from the change in P-MPR while MPR dominated.  The alt 3a method results in a PHR trigger that reports the increased value of P-MPR since it is based on the impact of P-MPR on Pcmax,c, not just the value of P-MPR.
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Alt 3a therefore provides an important trigger when transitioning from MPR dominated to P-MPR dominated backoff which improves the ability of the eNB scheduler to approximate and track changes in MPR due to scheduling in the presence of P-MPR.  Details of how the modified trigger could be specified and the relative ease in implementation (i.e. low complexity) can be found in [4]. 

2 Discussion

In discussions at RAN2 #73 the need for additional PHR triggers offered by alt-3a was questioned if P-MPR backoff is UE specific rather than CC specific [2]. RAN4 has not finalized the Pcmax,c calculation for P-MPR. In this contribution we further analyze PHR triggering when the dominating factor in the Pcmax,c calculation changes from MPR to P-MPR to see it there is a difference between UE and CC specific P-MPR backoff.

Power headroom for a CC is defined as the difference between the calculated power and Pcmax,c. The definition of PCMAX,c  is still under discussion in RAN 4, but based on latest discussions, it is near certain that Pcmax,c will include a P-MPR term. This is, of course, highly desirable, because if Pcmax,c did not include a P-MPR term, PH would not account for P-MPR backoff.

The basic equations are shown below.  Discussions center around which terms have a subscript c and which do not for intra-band operation and for inter-band operation. 

PCMAX_L,c ≤  PCMAX,c  ≤  PCMAX_H,c
where

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

-
PCMAX_H,c = MIN {PEMAX,c, PPowerClass}

To address the question of whether alt 3a provides improvement in the case of P-MPR specified per UE, it should first be understood that even if it is specified per UE, there will still be a P-MPR component included per CC.

For intra-band operation, P-MPR and MPR are expected to be specified for the UE.  P-MPR c is expected to be defined in terms P-MPR (e.g., P-MPR c = P-MPR) and MPR c will likely be defined as equal to MPR. A-MPR c is likely to be specified per CC, and TC,c will be per CC.  P-MPR Being specified for the UE does not mean that there is no P-MPR included in the Pcmax,c calculation.
For inter-band operation, MPR c , A-MPR c, and TC,c will be per CC.  It is likely that P-MPR will also be per CC.  

Consider the alternative interpretation of per UE P-MPR. In this case P-MPR is not included in the Pcmax,c calculation.  This would mean that the UE would compute the power for each channel without considering a maximum that includes reduction for P-MPR.  Then a reduction would be allowed on the summed power of the CCs and scaling would be performed taking into account the allowed reduction on the sum.  If this were the case, the PH report would be based on a Pcmax,c that does not include the impacts of P-MPR and the eNB would not know how to schedule.  This is clearly not the intent.
Therefore, even if RAN 4 decides to specify P-MPR on a UE basis, there will be some means to distribute that backoff to the individual CCs and the Pcmax,c calculation for each CC will include P-MPR backoff. This is the same as per CC specification of P-MPR backoff except for the possibility that the P-MPR values for the CCs may be the same.  In either case, it will be possible to determine on a CC basis when Pcmax,c transitions from being MPR dominated to P-MPR dominated and what the impact P-MPR has on Pcmax,c. 

Alt 3a will therefore have the same effect whether P-MPR backoff is specified per UE or per CC.
Recognizing that one of the key advantages to Alt3a over Alt3 is that it provides triggers due to transitions from being MPR dominated to P-MPR dominated, an alternative to changing the trigger from Alt 3 to Alt 3a would be to add to Alt 3 a trigger when Pcmax,c goes from being MPR dominated to P-MPR dominated.
3 Conclusion
In this contribution we have reviewed the differences with respect to per CC and per UE P-MPR backoff on the need to trigger PHR upon the factor dominating the Pcmax,c calculation transitioning from MPR/A-MPR to P-MPR. In our view, the need for alt-3a vs. alt-3 triggering is independent of UE or CC specific P-MPR backoff. Therefore it is proposed to trigger PHR based upon the impact of P-MPR, i.e., power backoff due to non-(A)MPR effects, on Pcmax,c or similarly when Pcmax,c transitions between MPR and P-MPR dominated calculation.
Proposal: Agree to trigger PHR when the impact of power backoff due to non-(A)MPR effects on Pcmax,c  changes by more than a threshold or similarly when the Pcmax,c calculation transitions between MPR and P-MPR dominated.
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