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1 Introduction
For single carrer operation, Pcmax is currently defined in 36.101[1] as follows:

PCMAX_L ≤  PCMAX  ≤  PCMAX_H 

Where

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

-
PCMAX_H = MIN {PEMAX,  PPowerClass}

In the last RAN4 meeting #59AH, two modifications were proposed [2]
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[3] to the upper limit, PCMAX_H.  One to include P-MPR in the upper limit, and another to include a tolerance in the upper limit to allow the UE to set its power to PPowerClass + a tolerance value, these changes requiring a set of equations and rules on when to use them.
The proposed changes would replace the single PCMAX_H equation with 4 equations as follows:

If P-MPR > 0 dB:
PCMAX_H = MIN {PEMAX,  PPowerClass – P-MPR} if P-Max is present 

PCMAX_H = PPowerClass – P-MPR if P-Max is absent

If P-MPR = 0 dB:

     
 PCMAX_H = MIN {PEMAX,  PPowerClass  + T(PPowerClass)} if P-Max is present
      
PCMAX_H = PPowerClass  + T(PPowerClass) if P-Max is absent

We provide our opinion on these proposed changes in this document.
2 P-MPR Discussion
According to R4-113625 [2], P-MPR is needed in the upper limit because currently, 
“The network has no clue about the amount of power back-off applied – only that power management is in effect as indicated by a bit in the extended PHR.”

It is further contended in R4-113625 [2] that, 
“ if the P-MPR is applied like the PEMAX the upper limit is reduced and the amount of P-MPR applied will necessarily be apparent in the PH value and in the reported Pcmax,c when present in the PHR for carrier aggregation. In this way, the eNB will be aware of the P-MPR used even if the actual value is not signaled. If applied like an A-MPR, then the UE may use the P-MPR but the reported value in the PHR can still be the configured maximum without power backoff.”
Our view is that P-MPR is an implementation-dependent allowance rather than a cap on E‑UTRA power like PEMAX. An implementation can choose any value, such that SAR and inter-RAT interference requirements are met, similar to how MPR and A‑MPR are treated. As such, it can be treated as agreed similar to how MPR and A-MPR are treated.  We do, however, agree that it is important for the P-MPR to be included in the PH and reported Pcmax,c when Extended PHR is configured, but we believe this is already accomplished with the existing definitions.
We address the case of carrier aggregation since it is in this case that Pcmax,c is included in the PHR along with the bit indicating whether P-MPR is affecting the PH.  The same principles apply to single carrier operation.
According to 36.213 [4] sections 5.1.1.1 and 5.1.2.1, the UE computes power for each of the PUSCH and PUCCH channels it will transmit in a subframe.  In each calculation, the UE limits the power of the channel by its configured maximum output power, Pcmax,c which it may determine as a value between the lower and upper Pcmax,c limits defined in 36.101. Further, according to 36.213 section 5.1.1.2, the UE uses the same Pcmax,c values it used for the power calculations in the calculation of the Type 1 and Type 2 PH.  The PH definitions  specifically reference the Pcmax,c values in the power control sections.    If the UE needs a P-MPR power reduction (as allowed by the lower limit), it should be accounted for in the Pcmax,c value the UE configures and uses in the power calculation for each channel and the PH calculations; the reported PH and Pcmax,c would, therefore, include any P-MPR effects. 
We believe it is both intended and well understood that the Pcmax,c the UE uses will account for the actual power reductions needed by the UE including MPR, A-MPR, P-MPR, deltaTc, and deltaTib (inter-band only).  If the UE were to reduce its CC power based on something other than exceeding Pcmax,c, and keep Pcmax,c at a high value, as suggested, the UE would not be following the standard as written, the power headroom would be consistently overstated, and the UE would be overscheduled.  For previous releases of the standard it was understood that the reductions would be included in Pcmax when computing the headroom.  There is no reason to believe differently now, and P-MPR should not be treated differently from the other reductions.  

Furthermore, the P-MPR P bit, which is included in the PHR is defined in 36.321 [5]as follows:

-
P: this field indicates whether the UE applies power backoff due to power management (as allowed by P-MPR [10]). The UE shall set P=1 if the corresponding PCMAX,c field would have had a different value if no power backoff due to power management had been applied;
It has been suggested in [2] that the P-bit may be set without reflecting P-MPR in Pcmax,c.  This however cannot be the case since the definition of the P bit clearly states that the P bit is set when Pcmax,c is impacted by P-MPR.   Therefore, with the current specification, if the P bit is set, the PHR will include PH and Pcmax,c which reflect P-MPR enabling the scheduler to determine P-MPR.
Proposal 1: There is no need to modify the upper limit of Pcmax or Pcmax,c to include P-MPR.
3 Tolerance

36.101 allows a UE with a configured output power of 23dBm to transmit with a tolerance of +/-2dB meaning the measured output at the antenna could be as high as 25dBm and the UE would still be in compliance with the specification.

The purpose of the measurement tolerance is to allow for component variations and tolerances and to avoid the need for very accurate calibration.

It was proposed in [2] that for a UE that does not need the measurement tolerance, the UE should be allowed to take advantage of the extra allowed 2dB and drive  the output power all the way up to the maximum for the class plus the tolerance value, i.e., 25dBm and report headroom against that value.  It was further proposed to modify the upper limit of Pcmax to allow this.
It should be noted that in order for a UE to take advantage of this, in addition to not needing tolerances for the components, the UE would need to be able to meet all of its interference and other requirements without taking any reductions for MPR, A-MPR, P-MPR, deltaTc, deltaTib.  This is not expected to be the norm.

It should also be noted that this is not the only change needed to accomodate this new requirement.  There will be a ripple effect through the standards and previous decisions will need to be revisited.
For example, a decision was made in RAN 1 that virtual PH (PH for a CC that did not have a grant) would not include Pcmax,c because the eNB knows what it is (minimum of Pemax,c and Ppowerclass).  If we now change  the upper limit of Pcmax,c to a value the eNB does not know (since the tolerance the UE adds is unknown to the eNB), this decision may need to be revisited and RAN 1 and RAN 2 specifications may need to be revised.
It is also observed that with the current specifications and equations, not signaling Pemax (called P-Max in RAN 2 specs) has the same effect as signaling Pemax = Ppowerclass (23dBm).  In addition, Pemax has no effect on PCMAX_H if Pemax is greater than or equal to Ppowerclass.  With the proposed change, not signaling Pemax and signaling Pemax = Ppowerclass will have different results.  When Pemax is signaled as equal to Ppowerclass, it will have the effect of disabling the use of the tolerance.   Signaling a Pemax value of 24dBm will also have an effect. With the the current specifiation, Pemax may be signaled by the network as a value greatrer that Ppowerclass to increase the RSRP cell reselection threshold.  Specifically, per 36.304 section 5.2.3.2 [6], Pemax is used to compute P_compensation, which, effectively does the following: if Pemax>Ppowerclass, the threshold for RSRP for cell reselection is increased by that difference  between Pemax and Ppowerclass.  With the proposed change, if Pemax is signaled by the network as 24dBm to yield a P_compensation value of 1dB, the tolerance is also limited to 1dB.

We believe these impacts and effects, and the possibility that there are others, should be considered before adding complexity to the existing equations for what may be a corner case.

We also observe that the desired effect of transmitting up to 25dBm and reporting headroom which will enable scheduling up to 25dBm may be achieved via implementation now .   The computed power is just a number that ultimately gets translated into an output power measurable at the antenna.  An implementation may use a mapping that, for example, allows a computed 23dBm to be mapped to measured 25dBm, computed 22dBm  to be mapped to measured 24dBm, ...computed 20dBm to be mapped to measured 22dBm, etc. (Note that a more elaborate mapping scheme could be used;  this is just a simple example).
Given a Pcmax of 23dBm and a computed power of 20dBm, the UE would report a headroom of 3dB.  For measured (i.e., actual transmit) power, this would correspond to 3dB relative to 25dBm. The eNB would get the headroom and know it can double the power, e.g., double the grant.  If it did so, the UE would compute a 23dBm power and transmit at 25dBm.

We therefore believe that the desired effect may be achieved without any modification to the standard and that changing the standard and adding complexity is not warranted.  
Proposal 2: Taking advantage of tolerance values to enable the UE to configure its maximum output power above Ppowerclass is an optimization targeted for a very limited number of scenarios, and it can be handled by implementation based on current agreed specification.  It is, therefore, not an essential correction, and considering that there will be a ripple effect requiring time to understand the impacts, liaison statements to other RAN WGs, and resolutions in those groups which may take several meetings, this should not be considered for R10.  

Proposal 3: RAN 4 should consider for R11 whether the changes to the standard are warranted for a very limited number of scenarios that can be handled by implementation. Ripple effect through the specification and suitability for R11 and future scenarios such as UL inter-band, distributed antennas, COMP etc. should be considered.
Conclusion
Proposal 1: There is no need to modify the upper limit of Pcmax or Pcmax,c to include P-MPR.

Proposal 2: Taking advantage of tolerance values to enable the UE to configure its maximum output power above Ppowerclass is an optimization targeted for a very limited number of scenarios, and it can be handled by implementation based on current agreed specification.  It is, therefore, not an essential correction, and considering that there will be a ripple effect requiring time to understand the impacts, liaison statements to other RAN WGs, and resolutions in those groups which may take several meetings, this should not be considered for R10.  

Proposal 3: RAN 4 should consider for R11 whether the changes to the standard are warranted for a very limited number of scenarios that can be handled by implementation. Ripple effect through the specification and suitability for R11 and future scenarios such as UL inter-band, distributed antennas, COMP etc. should be considered.
References

[1] 3GPP TS36.101, “E-UTRA User Equipment (UE) radio transmission and reception (Release 10),” V10.3.0 (2011-06).

[2] R4-113625, “The upper limit of PCMAX and the PHR,” 3GPP TSG-RAN WG4 #59AH, Bucharest, Romania, June 27-July 1, 2011, Ericsson, ST-Ericsson.
[3] R4-113626, “The upper limit of PCMAX,” 3GPP TSG-RAN WG4 #59AH, Bucharest, Romania, June 27-July 1, 2011, Ericsson, ST-Ericsson.
[4] 3GPP TS36.213. “E-UTRA Physical Layer Procedures (Release 10),” V10.2.0 (2011-06).
[5] 3GPP TS36.321. “E-UTRA Medium Access Control (MAC) protocol specification (Release 10),” V10.2.0 (2011-06).

[6] 3GPP TS36.304. “E-UTRA User equipment (UE) procedures in idle mode (Release 10),” V10.2.0 (2011-06).
