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Discussion and Decision
1 Introduction
For proper scheduling, the eNB needs to know the level of power 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 (the P bit of the PHR MAC CE is set to 1 when P-MPR dominates).

The power management (PM) PHR trigger is specified in the recently approved (RAN#51) MAC specification, TS 36.321 V10.1.0 as follows: 

-
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.

At RAN 4 #58AH, the text proposal (R4-112343) for the definition of Pcmax,c was agreed to be as follows for intra-band carrier aggregation:

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}

and
-  P-MPR c accounts for power management for serving cell c. For intra-band CA, there is one power management term for the UE, P-MPR, and P-MPR c = P-MPR.

At the last few RAN2 meetings [1] [2] [3], several issues have been raised regarding the P-MPR backoff change PHR trigger. The existing trigger:
· may not reflect the understood intent of the trigger
· may incorrectly trigger as a result of comparisons between virtual & real PHRs

· may more correctly trigger if the change criteria reflects the effect on Pcmax,c; 
Power management trigger alternative 3-a, has been proposed [4] [5] to avoid unnecessary triggers when MPR dominates and provide important triggers when transitioning between MPR dominated and P-MPR dominated Pcmax,c calculations. The definition is:
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 this contribution we review the significance of these problems are and what changes would be necessary to correct each problem.
2 Discussion

Clarification of the Existing Trigger
It has been suggested [7] that the terminology in the existing trigger, “additional power backoff due to power management (as allowed by P-MPR [10]),” may lead to confusion.
The intent of the trigger was discussed at RAN2#37bis and it was first agreed [3]:

“Confirm that currently the trigger is only based on actual used PMPR change by the UE, independant of any impact to Pcmaxc. I.e. if the actual power backoff due to (MPR+AMPR) is already 6dB and backoff due to power management changes from 1 to 5 dB which might be more than trigger, than PHR report is triggered although the power management has no impact to Pcmax.”

Then, after offline discussion, the following was added [3]:

”After offline discussion, it became clear that the situation is not stable yet: also RAN4 is still progressing the issue. Issue is deferred to next meeting. Above confirmed triggering can be used as starting point for further discussion“

The confirmed triggering reflects the understood intent to trigger PHR when the actual power management backoff (PM) value the UE needs to use to avoid exceeding SAR requirements changes by more than the defined threshold.

The following points may, however, need to be clarified.

1) Use of the word, “additional” in the trigger definition

2) Use of the words, “as allowed by P-MPR” in the trigger definition

3) Trigger when PM backoff is not actually applied since P-MPR does not dominate
In the current trigger definition, the power backoff due to PM is referred to as “additional” power backoff.  This wording was chosen before RAN 4 completed their definition of Pcmax,c.  Now that RAN 4 has agreed on the definition, it can be seen that PM backoff is not additional backoff.  Power backoff will be due to MPR+A-MPR or P-MPR, not both.  Removal of the word, “additional”, from the trigger seems appropriate.

 In the current trigger definition, the trigger is not defined to be based on a change in P-MPR, but instead to be based on a change in the power backoff due to power management “as allowed by” P-MPR.  This is because P-MPR is the maximum power reduction allowed for power mangement, not the value that the UE determines is necessary in order to meet SAR requirements.  The trigger is based on a change in the value the UE determines it needs, which may be less than or equal to the P-MPR allowance.  We believe the current wording is correct.

In every subframe in which the UE will transmit in the UL, the UE will need to compute Pcmax,c for the CCs with transmissions in that subframe in order to properly perform power control. In order to perform the computation of Pcmax,c, the UE will need to determine the actual power backoff values it needs to apply in order to meet spectral emissions and SAR requirements, call them MPRactual, A-MPRactual, and P-MPRactual.  Regardless which value (MPRactual + A-MPRactual or P-MPRactual ) dominates the Pcmax,c calculation, all the values need to be determined in order to decide which dominates and how much to back off the maximum power.  For the current trigger, when determining whether the power backoff due to PM has changed by more than a threshold, what should be compared is the P-MPRactual value at the time of the last PHR and P-MPRactual value for the current subframe regardless of domination. 
We therefore propose to change, “additional power backoff due to power management (as allowed by P-MPR [10]),” to the following:
“additional power backoff due to needed for power management (as allowed by P-MPR [10]).”
The modification to the exiting trigger would be as follows:

-
prohibitPHR-Timer expires or has expired and the additional power backoff due to needed for 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.

We should also consider the MAC CE PHR P bit definition which currently defines the field as follows:
-
P: this field indicates whether the UE applies an additional power backoff due to power management (as allowed by P-MPR [10]). The UE shall set P=1 if the corresponding PCMAX,c would have had a different value if no additional power management had been applied;
For consistency with the proposed change to the trigger, we recommend the word “additional,” should not be used in the P bit definition.  Further clarification may also be helpful since the P bit not only indicates that the power management backoff is applied, but it also impacts Pcmax,c.  We propose the following new wording:
-
P: this field indicates whether the UE applies an additional power backoff due to power management (as allowed by P-MPR [10]) that affects PCMAX,c. The UE shall set P=1 if the corresponding PCMAX,c would have had a different value if no additional power backoff due to power management had been applied;
Proposal 1: To agree on the clarified PHR trigger for PM and the P-bit definition change
The Existing PM Trigger may result from no PUSCH transmission
In the RAN1 LS to RAN2 [8] on Power Headroom reporting, RAN1 identified that the actual PM backoff is set to zero for virtual PHR.

The LS stated: 
For type 1 PHR reporting:

- When UE transmits PUSCH, MPR, A-MPR and the power management related back-off factor are assumed to be the value corresponding to the current PUSCH transmission.

- When UE does not transmit PUSCH regardless of PUCCH transmission MPR, A-MPR and the power management related back-off factor are assumed to be zero.
For type 2 PHR reporting:

- When UE transmits both PUSCH and PUCCH, MPR, A-MPR and the power management related back-off factor are assumed to the value corresponding to the current PUSCH and PUCCH transmission.

- When UE transmits PUSCH without PUCCH, MPR, A-MPR and the power management related back-off factor are assumed to the value corresponding to the current PUSCH transmission.

- When UE transmit PUCCH without PUSCH, MPR, A-MPR and the power management related back-off factor are assumed to the value corresponding to the current PUCCH transmission.

- When UE does not transmit PUCCH or PUSCH, MPR, A-MPR and the power management related back-off factor are assumed to be zero.

Since the PM backoff is zero for virtual PHR and may be non-zero, and potentially large, for real PHR, in the last RAN 2 meeting in [7] it was identified when carrier aggregation is configured with one or more SCells and eNB scheduling results in transitions between virtual and real PHR, the PM backoff change threshold trigger is likely to occur as a result of those transitions. It was therefore suggested in [7] to either “not apply the PHR trigger if uplink carrier aggregation is configured” or “introduce a new condition to prevent PHR triggering because of virtual to real switching”. 
In our view it would be preferable to still support the PM trigger when CA is configured. It is therefore proposed the existing P-MPR backoff change trigger is limited to real-real PHR comparisons.

An example of how the current trigger could be modified with minimal changes (not including the change proposed in section 2.1) is as follows:
-
prohibitPHR-Timer expires or has expired, UE has UL resources for new transmission, 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 and a valid grant has changed more than dl-PathlossChange dB since the last transmission of a PHR when the UE had a valid grant for this Serving Cell. UE has UL resources for new transmission.

An alternate wording which may provide additional clarity is as follows:

· prohibitPHR-Timer expires or has expired, UE has UL resources for a new transmission, and there is at least one activated Serving Cell for which the following is true:

the cell has configured uplink and a valid grant, and

the additional power backoff due to power management (as allowed by P-MPR [10]) for the cell has changed by more than dl-PathlossChange dB since the last transmission of a PHR when the UE had a valid grant for the cell.

Proposal 2: To agree on the corrected PHR trigger for PM to avoid triggering between virtual and real PHR transitions
PM effect on Pcmax,c in the Trigger 
In [4][5][6] we have proposed alt-3a to modify the power management trigger to avoid unnecessary triggers when P-MPR has no effect on Pcmax,c and to ensure triggering so that increases in P-MPR are not missed.  The alt-3a trigger was proposed to trigger based on a change in the effect of P-MPR on Pcmax,c instead of the change in P-MPR.

We recognize that eliminating unnecessary triggers may be considered an optimization even though this unnecessarily sets the prohibit timer, but present the case again for modifying the trigger to ensure important triggers are not missed.

Consider the scenario below.


[image: image1.emf]P

o

w

e

r

 

R

e

d

u

c

t

i

o

n

 

L

e

v

e

l

Level A
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Level C

Prohibit Timer 

P-MPR

MPR (Includes MPR + A-MPR)

Pathloss trigger.

P-MPR dominates

P-MPR at level A 

reported (via Pcmax,c)

Existing Trigger:

PHR trigger due to

large change in P-MPR; 

MPR dominates.

New P-MPR value not 

reported in Pcmax,c

TRIGGER 1 TRIGGER 2

However, with Existing 

Trigger, No PHR trigger since 

no change in P-MPR. Level C 

is not reported.  eNB 

assumes Level A incorrectly.

Where we would like trigger: 

P-MPR dominates.  Level C 

reported (via Pcmax,c)

Alternate (alt 3a)

Trigger 2


At trigger 1, PHR is sent to the eNB with P-MPR dominating. eNB can learn the P-MPR value (i.e., P-MPRactual determined by the UE for its Pcmax,c calculation) from the Pcmax,c value sent in the PHR with the P field set to 1. If P-MPR remained dominating, a large change in P-MPR (increase or decrease) would result in a trigger and a PHR that would report the new value.  In the case shown, at the time P-MPR changes enough to cross the threshold, MPR is now dominating (Trigger 2).  The report of PHR will not provide the eNB with the new P-MPR value and, since the change in P-MPR was an increase, the eNB may overschedule.  It would be much better to trigger PHR at the alternate Trigger 2 when P-MPR is dominating and having a large impact on Pcmax,c (since it is much larger than MPR).  A trigger at this point would enable the eNB to learn the new increased value of P-MPR.
It is recommended to modify the existing trigger as follows to ensure important triggers are not missed:
· prohibitPHR-Timer expires or has expired and the effect of the additional power backoff due to power management (as allowed by P-MPR [10]) on Pcmax,c 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 could be understood or a note could be included stating that the effect of power backoff due to power mangement on Pcmax,c is the difference between Pcmax,c with and without the power backoff  due to power management applied. 
Proposal 3a: Modify the existing trigger to be based on a change in the effect of the power backoff due to power management (as allowed by P-MPR [10]) on Pcmax,c for R10.
Proposal 3b: If proposal 3a is not agreed for R10, allow for reconsideration in R11.

3 Conclusion
The PM trigger for PHR has been reviewed to consider:

- Clarifying the trigger to better match the agreed intent
- Limiting the trigger to real-real PHR comparisons
- Adjusting the trigger to the effect on Pcmax,c
As a result of this review the following is proposed:

- Proposal 1: To agree on the clarified PHR trigger for PM and the P-bit definition change

Text proposal for the PM trigger:
-
prohibitPHR-Timer expires or has expired and the additional power backoff due to needed for 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.
Text proposal for the PHR MAC CE P field definition:
-
P: this field indicates whether the UE applies an additional power backoff due to power management (as allowed by P-MPR [10]) that affects PCMAX,c. The UE shall set P=1 if the corresponding PCMAX,c would have had a different value if no additional power backoff due to power management had been applied;
Proposal 2: To agree on the corrected PHR trigger for PM to avoid triggering between virtual and real PHR transitions
Text proposal for the PM trigger:

-
prohibitPHR-Timer expires or has expired, UE has UL resources for new transmission, 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 and a valid grant has changed more than dl-PathlossChange dB since the last transmission of a PHR when the UE had a valid grant for this Serving Cell. UE has UL resources for new transmission.

An alternate wording which may provide additional clarity is as follows:

· prohibitPHR-Timer expires or has expired, UE has UL resources for a new transmission, and there is at least one activated Serving Cell for which the following is true:

the cell has configured uplink and a valid grant, and

the additional power backoff due to power management (as allowed by P-MPR [10]) for the cell has changed by more than dl-PathlossChange dB since the last transmission of a PHR when the UE had a valid grant for the cell.

Proposal 3a: Modify the existing trigger to be based on a change in the effect of the power backoff due to power management (as allowed by P-MPR [10]) on Pcmax,c for R10.
Proposal 3b: If proposal 3a is not agreed for R10, allow for reconsideration in R11.

Text proposal for the PM trigger if 3a can be agreed:
· prohibitPHR-Timer expires or has expired and the effect of the additional power backoff due to power management (as allowed by P-MPR [10]) on Pcmax,c 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.
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