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Discussion and Decision
1 Introduction
Power control, as defined in 36.213 [1], is a two-step process.  First the individual PUSCH and PUCCH channel powers, PPUSCH,c and PPUCCH,c,  are computed .  Then, if the sum of the channel powers would exceed PCMAX (defined as the UE’s total configured maximum output power in 36.101 [2]), the UE scales the power of the PUSCH channels such that PCMAX is not exceeded.  How the PUSCH channels are scaled is specified and depends on which channels are present in the subframe.  For example, for PUCCH and PUSCH present in subframe i, the scaling weights, w(i) for the PUSCH powers are chosen to satisfy the following equation (where ^ indicates the linear version of the channel power): 
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For each CC, real power headroom is the difference between the computed transmit power for the CC (before channel scaling) and the maximum configured output power for that CC, PCMAX,c  .  Inclusion of PCMAX,c  in the PHR along with the PH therefore enables the scheduler to determine the computed transmit power for each CC.  PCMAX is needed by the scheduler to determine if and how the UE scaled the channels.
Including PCMAX in the extended PHR to enable the eNB to know if and how the UE scaled was proposed in R2-113081 (as well as R4-113381 and R1-111783) [3][4]

 REF _Ref300775836 \r \h 
 \* MERGEFORMAT [5] and was discussed at previous RAN 1, RAN 2, and RAN 4 meetings.
For R10, which is UL intra-band only, PCMAX may be derived from PCMAX,c, so the scheduler does not need to be provided with PCMAX in the PHR.  RAN 1 therefore concluded [7] that it is “not an essential correction for Rel-10.”  In RAN 4, both the paper presented and the discussion acknowledged that PCMAX is not needed in the PHR for intra-band.  In RAN 2, this was also the general understanding [6].
For R11, however, to support UL inter-band carrier aggregation (CA), PCMAX may be needed in the extended PHR for proper scheduling.

In this paper we present our views on the need to include PCMAX in the PHR for UL inter-band CA.
2 Discussion

PCMAX inclusion in PHR
The definitions in 36.101 [2] for the per CC and total configured maximum output powers, PCMAX,c and PCMAX, respectively, allow for power reductions to enable the UE to meet emissions, SAR, and other requirements.  These reductions, which include MPR, A-MPR, and P-MPR, are defined on both a CC basis and a UE basis, but for intra-band, the CC and UE allowances are set equal to each other.  Per 36.101:
“For intra-band contiguous CA, MPR c = MPR and A-MPR c = A-MPR” 

“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.”
Thus, for intra-band, when the UE applies power reduction, it will apply the same reductions to PCMAX,c for each of its CCs and to PCMAX for total power.  For intra-band, given any PCMAX,c is present in the PHR (and there must always be at least one since there must be a PUSCH to transmit the PHR MAC CE), the eNB may determine PCMAX from the signalled PCMAX,c and use that to be able to determine if and how the UE scaled the channel powers.
In the case of inter-band operation, however, the allowed power reductions are independent per band, so PCMAX,c for each UL CC may be different and there is no relationship between PCMAX,c and PCMAX.  Since the eNB is unable to determine PCMAX from the signalled values of PCMAX,c, the eNB does not have a way to determine whether the UE scaled the channel powers.  Without knowledge of whether the UE had scaled the channel powers the eNB scheduler is likely to over and/or under schedule total UE power, which will result in increased transmission failures and decreased utilization of resources. Further information and an example of why PCMAX and UE power scaling cannot be determined by the eNB is presented in Appendix A, and associated standard references from 36.101 are identified in Appendix B.
We believe it would, therefore, be beneficial to include PCMAX in the PHR in the case of UL inter-band to enable the scheduler to determine if and by how much the UE scaled the channel powers.

Proposal 1: It is necessary to include PCMAX in the extended PHR for the case of UL inter-band.

Signaling of PCMAX
It may be useful to consider more specifically when PCMAX should be included in the PHR since it may be beneficial to only send PCMAX in the PHR when it is needed in order to reduce signalling overhead.  To do so, we should consider when PCMAX is needed by the scheduler.

Although the UE may be configured for UL inter-band, in a given TTI the UE may only be transmitting in one band.  In that case, the UE would act as if it were operating intra-band, PCMAX,c and PCMAX would follow the single band rules, PCMAX could be derived from the signalled PCMAX,c and, therefore, PCMAX would not need to be included in the PHR.
For R11 where a UE may transmit in at most 2 bands, the UE is truly operating inter-band in the UL when it has activated UL cells in both of those bands and real transmissions on those cells; otherwise, it is effectively operating intra-band.  PCMAX is, therefore, only needed by the scheduler in this case. 
The following options could be considered for when to include PCMAX in the PHR
1. When the UE is configured for UL inter-band; this is the simplest approach, but the most overhead. 

2. When the UE has activated UL cells in more than one band; the eNB could determine PCMAX presence from the UL configuration and the PHR MAC CE activation bitmap which identifies the cells for which PH is included (i.e. Ci field is set for at least one CC in each band); this is more complex, but offers less signalling overhead.
3. When the UE has real transmission on 2 (for R11) UL bands; the eNB could determine PCMAX presence from the configuration and the PHR MAC CE virtual / real PHR indications (i.e. V field indicates real PHR for at least one CC in each band); this is more complex, but offers the least signalling.

Clearly UL inter-band CA will frequently not be configured. When inter-band CA is not configured, it seems logical that the UE should operate as in R10 and not provide PCMAX in the PHR. We could also consider the R10 PCMAX,c presence criteria for real PHR on a given CC. It would be consistent with this R10 criteria to only signal PCMAX when real transmissions exist on each band.

One additional option to be considered is to only include the PCMAX when the UE performs scaling.  If the UE does not perform scaling, the eNB arguably does not need PCMAX. An indication of whether or not the UE scaled would be needed for the eNB to determine PCMAX presence in this case.

Lastly, the least amount of signalling overhead could be achieved by only including PCMAX in the PHR when the UE has real transmission (V field indicates real) for at least one CC in each of the 2 UL bands and the UE performed scaling.

Choices for inclusion of PCMAX are therefore:

-    Always signal

-    Only when more than one UL band is configured

-    Only when an activated cell exists in more than one UL band
-    Only when real transmissions exist on more than one band
-    Only when scaling is applied

-    Only when real transmissions exist in more than one band and scaling is applied

Proposal 2: RAN 2 to consider the options for when to include PCMAX in the PHR based on considerations of complexity versus reduced signalling overhead.
3 Appendix A – Further explanation and example for the need to include PCMAX in the PHR for Inter-band scenarios.
The UE sets PCMAX,c  , the configured maximum output power on serving cell c to a value (it chooses) within lower and upper bounds PCMAX_L,c and PCMAX_H,c specified in 36.101 such that:
PCMAX_L,c ≤  PCMAX,c  ≤  PCMAX_H,c.
The lower bound allows for power reductions such as MPR, A-MPR, and P-MPR to enable the UE to meet 3GPP (e.g., emissions) and non-3GPP (e.g., SAR) requirements.  For inter-band UL operation, these allowed reductions are serving cell specific.  The upper bound is Ppowerclass unless the eNB signals a lower value (PEMAX,c). 

For inter-band UL operation (maximum two UL with one UL per band for R11), in each subframe, the UE chooses a PCMAX,c  for each serving cell independently, i.e., without regard for any transmission it may make on the serving cell in the other band.

The UE will limit the power for each serving cell based on its PCMAX,c ; then, if the sum of the powers across all serving cells on which it will transmit in the subframe would exceed the overall UE output power limit, PCMAX, the UE scales the UL channels according to priority rules to not exceed that maximum.

The UE sets the overall limit, PCMAX, to a value (it chooses) within lower and upper bounds PCMAX_L_CA and PCMAX_H_CA specified in 36.101 such that:
PCMAX_L_CA ≤  PCMAX  ≤  PCMAX_H_CA.
The lower bound was defined to equal the sum of the lower bounds of the individual serving cells, i.e., ΣPCMAX_L,c, to enable the UE to comply with this requirement when it uses the maximum allowed power reductions for the individual serving cells. This lower bound is capped at Ppowerclass since for small power reduction allowances that sum could potentially exceed Ppowerclass.  The lower bound is also restricted by the PEMAX,c values if signalled by the network.  The upper bound is Ppowerclass unless the eNB signals low PEMAX,c values which would result in their sum being below Ppowerclass.
Since the UE chooses the PCMAX,c  values independently for the two inter-band cells and then chooses a PCMAX value unknown to the eNB, when the UE sends a PHR, the eNB will not know for certain if and how the UE scaled.
Here is an example:

Ppowerclass = 23dBm, no PEMAX,c values signalled, the maximum allowed power reductions result in PCMAX_L,c1 = 16dBm, PCMAX_L,c2 = 18 dBm, and PCMAX_L_CA is therefore 20dBm.

For this example, let’s say a particular UE does not need the full power reduction allowance on each CC and uses PCMAX, c1 = 18 dBm and PCMAX,c2 = 20 dBm.  

If the UE is at maximum power for each serving cell, the UE would transmit at 22dBm (the sum of maximum serving cell powers) unless limited by the UE overall maximum power, PCMAX.  By spec (36.101), the UE may choose PCMAX to be any value between 20dBm and 23dBm.  A value below 22dBm would result in scaling while a value above 22dBm would not result in scaling.

Although using 22dBm for PCMAX may appear to be an obvious choice, the UE is not required to choose 22dBm and may not choose 22dBm.  One possible reason (per RAN 4 offline discussion) may be to account for inter-modulation effects not accounted for elsewhere.
In the existing PHR, the UE would report headroom of 0 for each serving cell and the PCMAX,c value for each.  The eNB has no current means to know what value the UE chose for PCMAX and therefore no current means to know if and how the UE scaled.

It is therefore recommended to include PCMAX in the PHR for UL inter-band. 

It is noted for completeness that there are special cases in which the eNB may be able to determine PCMAX , such as when the PEMAX,c values are very low or when the lower limit of PCMAX is known to be Ppowerclass; however, avoiding sending PCMAX in the PHR for these cases would result in unnecessary complexity in both the UE and the eNB.

4 Appendix B - 36.101  v10.4.0  (2011-09)
Configured transmitted Power for CA

For carrier aggregation the UE is allowed to set its configured maximum output power PCMAX,c  on serving cell c and its total configured maximum output power PCMAX. 
The configured maximum output power on serving cell c shall be set within the following bounds:

PCMAX_L,c ≤  PCMAX,c  ≤  PCMAX_H,c
For inter-band non-contiguous carrier aggregation:

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

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

-
-
PEMAX, c is the value given by IE P-Max for serving cell c 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. 
-
TIB,c is the additional tolerance for serving cell c as specified in Table 6.2.5A-3. 

For inter-band CA, MPR c and A-MPR c apply per serving cell c and are specified in Section 6.2.3 and Section 6.2.4, respectively. 
-
P-MPR c accounts for power management for serving cell c. 

-
TC,c = 1.5 dB when Note 2 in Table 6.2.2-1 applies to the serving cell c. 

-
TC,c = 0 dB when Note 2 in Table 6.2.2-1 does not apply to the serving cell c.
For carrier aggregation with two UL serving cells, the total configured maximum output power PCMAX shall be set within the following bounds:

PCMAX_L_CA ≤  PCMAX  ≤  PCMAX_H_CA
For inter-band carrier aggregation with up to one serving cell c per operating band: 
PCMAX_L_CA  = MIN {10log10∑ MIN [ pEMAX,c/ (tC,c),  pPowerClass/(mprc·a-mprc·tC,c ·tIB,c) ,

pPowerClass/(pmprc·tC,c) ], PPowerClass}
PCMAX_H_CA  = MIN{10 log10 ∑ pEMAX,c , PPowerClass}
where
-
pEMAX,c is the linear value of PEMAX, c which is given by IE P-Max for serving cell c in [7].
-
PPowerClass is the maximum UE power specified in Table 6.2.2A-1 without taking into account the tolerance specified in the Table 6.2.2A-1. pPowerClass is the linear value of PPowerClass.

-
MPR c and A-MPR c apply per serving cell c and are specified in Section 6.2.3 and Section 6.2.4, respectively. mpr c is the linear value of MPR c. a-mpr c is the linear value of A-MPR c. 
-
P-MPR c accounts for power management for serving cell c. pmprc is the linear value of P-MPR c. 
-
tC,c = 1.41 when Note 2 in Table 6.2.2-1 applies for a serving cell c
-
tC,c = 1 when Note 2 in Table 6.2.2-1 does not apply for a serving cell c

-
tIB,c  is the linear value of the inter-band relaxation term of the serving cell c TIB,c. tIB,cwhen no inter-band relaxation is allowed.

5 Conclusion
Proposal 1: It is necessary to include PCMAX in the extended PHR for the case of UL inter-band.

Proposal 2: RAN 2 to consider the options for when to include PCMAX in the PHR based on considerations of complexity versus reduced signalling overhead.
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