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1 Introduction

In RAN4#58, there were several contributions on Rel-10 uplink power control and how to define Pcmax,c in 36.101 [1]. Another point of interest is the contributors to Pcmax,c used in Type 1 and Type 2 power headroom reporting (PHR) defined in 36.213 [2]. This document looks at how the Type 1 and Type 2 PHR is calculated in 36.213 [2] and compares this understanding with the signalling of the PHR in 36.321 [3] and RAN4’s understanding of the parameters included in the PHR such as Pcmax,c and power headroom (PH). The document also looks at the effects of applying power back off on a per UE basis such as the MPR/A-MPR values for intraband and P-MPR for limiting the output power of the UE due to SAR related issues.
2 Discussion
For Rel-10 the PHR contains the power headroom (PH) and the Pcmax,c value. For carrier aggregation (CA) there can be two kinds of PHR:
· Type 1 where the PUSCH Pcmax,c and PH are reported
· Type 2 where a combination of PUSCH/PUCCH Pcmax,c and PH are reported.

For physical uplink channels that are not transmitting when the PH is calculated, a virtual transmission is used. Virtual transmissions are setup to convey information that is related to power control. Table 1 shows the equations to calculate PH. Table 2 shows the terms used in the PH calculation that are both power control and modulation/transport format dependent.

Table 1 – PH definitions for PHR Type 1 and Type 2

	Type 1 with PUSCH
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	Type 1 without PUSCH
	
[image: image2.wmf]{

}

)

(

)

(

)

(

)

(

)

(

c

O_PUSCH,

,

CMAX

c

type1,

i

f

PL

j

j

P

i

P

i

PH

c

c

c

c

+

×

+

-

=

a



	Type 2 with PUSCH/PUCCH
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	Type 2 with PUSCH, without PUCCH
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	Type 2 without PUSCH/PUCCH
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Table 2 – Power control and modulation/transport format terms

	Uplink Channel
	Power control dependent terms
	Modulation/Transport format terms

	PUSCH
	P0_PUSCH,c; αc·PLc; ƒc
	MPUSCH,c; ΔTF,c

	PUCCH
	P0_PUCCH,c; PLc ;gc
	h(nCQI,nHARQ,nSR); ΔF_PUCCH; ΔTxD


The format for the extended power headroom MAC control element is defined in 36.321 [3]. For Type 1 and Type 2 PHR the bitfield V described in 36.321 [3] conveys enough information to determine whether the uplink physical channels are real or virtual. It is assumed and confirmed by [4] and [5] that a virtual transmission does not contribute to the Pcmax,c value. [5] also clarifies that for the Type 1 PH calculation only the power back off values due to a real PUSCH TX is used. A summary is shown in Table 2 and Table 3
Table 3 –Truth table for Type 1 PHR
	VType 1, VType 2
	PUSCH TX state
	Contributions to Type 1 Pcmax,c

	0,x
	Real
	MPRPUSCH, A-MPRPUSCH, P-MPRPUSCH, ΔTc,PUSCH

	1,x
	Virtual
	MPR=A-MPR=P-MPR=ΔTc=0


Table 4 –Truth table for Type 2 PHR
	VType 1, VType 2
	PUSCH TX state
	PUCCH TX state
	Contributions to Type 2 Pcmax,c

	0,0
	Real
	Real
	MPRPUSCH/PUCCH, A-MPRPUSCH/PUCCH, P-MPRPUSCH/PUCCH, ΔTc,PUSCH/PUCCH

	0,1
	Real
	Virtual
	MPRPUSCH, A-MPRPUSCH, P-MPRPUSCH, ΔTc,PUSCH

	1,1
	Virtual
	Virtual
	MPR=A-MPR=P-MPR=ΔTc=0

	1,0
	Virtual
	Real
	MPRPUCCH, A-MPRPUCCH, P-MPRPUCCH, ΔTc,PUCCH


While the definition of Pcmax,c needs to be defined in 36.101 [1] it is worthwhile to consider how the MPR/A-MPR is going to be applied for the intraband and interband CA cases. 
Currently in RAN4 it is proposed to define the MPR/A-MPR value for the intraband CA case as a per UE parameter. This leads to some issues with the current definition of PPUSCH, PPUCCH, PHType 1 and PHType 2 in 36.213 [2]. These definitions in 36.213 [2] imply a Pcmax,c definition containing a per CC MPR/A-MPR value. To apply the per CC MPR accurately in the intraband case there is a dependency on the transmission power of other CC. In the intraband case there are two options:
Option 1a - Apply the per UE MPR for each CC and then provide further back off if required as part of the power scaling.
Pros
· Easy to define. Is simply a matter of replacing the PPowerClass in the 36.213 [2] power scaling equation with a per UE Pcmax value.
Cons

· If the per UE MPR is used for each CC the the value of Pcmax,c calculated will be inaccurate if power scaling is applied further along the calculation chain to account for a per UE power back off.

· Parameters in the PHR will not represent all of the power back off applied if power scaling is used further along the calculation chain to account for a per UE power back off.

· Requires a change to 36.213 [2].
Option 1b - Apply a per UE MPR that contains a dependency on the TX power on other CC.
Pros

· Pcmax,c includes all of the power back off applied to the CC leading to more accurate PHR parameters
· No change is required to the 36.213[2].
Cons

· More complex to define a CC power back off that has a dependency on the TX power of other CC.
Of the two options we prefer Option 1b. We believe that Option 1b will lead to a more accurate definition of PHType 1 and PHType 2 and does not require changes to the current definition of power scaling in 36.213 [2]. We feel that Option1b fixes the source of the problem and using Option 1a with further back off as part of the power scaling is fixing a symptom of the problem and not the actual problem. However we can see that Option 1a may be a more pragmatic approach.
Proposal 1 - the definition of Pcmax,c needs to be added to 36.101 [1]. The MPR value used in the Pcmax,c definition should be per CC and include any dependency on the TX power of other CC.
It is worthwhile to also consider the purpose of the P-MPR for the two cases it may be used for: reduction of power due to SAR issues; and to limit interband inter-modulation produces that may fall into the receiver bandwidth. For the SAR case the P-MPR needs to be applied per UE regardless of whether the UE is transmitting in the intraband or interband CA scenario. To apply the per CC P-MPR accurately for power limiting due to SAR there will be a dependency on the transmission power of other CC. For the interband inter-modulation case it is possible to treat the P-MPR values separately for each CC. For this case there is no dependency between the P-MPR applied between CC.
Proposal 2 - the definition of Pcmax,c needs to include the value of P-MPR. The P-MPR value used in the Pcmax,c definition should include any dependency on the TX power of other CC such as required by a SAR limiting case.
Looking at the definition of Type 1 and Type 2 PHR in 36.213 [2] there may be some cause for confusion on the uplink physical channels that contribute to Pcmax,c. For some definitions of Type 1 and Type 2 PHR in 36.213 [2] there is a reference to 36.101[1] for the definition of Pcmax,c but no additional information as to the contributors to Pcmax,c.

Type 1 definition in 36.213 [2]

a)
PUSCHreal refers to section 5.1.1.1 for the definition of Pcmax,c which contains the definition for PPUSCH,c. It also clearly states that Pcmax,c is dependent on PUSCH only.

b)
PUSCHvirtual states that for Pcmax,c the power back off terms are zero.

Type 2 definition in 36.213 [2]

a) PUSCHreal+PUCCHreal refers to section 5.1.1.1 for the definition of Pcmax,c which contains the definition for PPUSCH,c
b) PUSCHreal+PUCCHvirtual refers to section 5.1.1.1 for the definition of Pcmax,c which contains the definition for PPUSCH,c
c) PUSCHvirtual+PUCCHreal refers to section 5.1.2.1 for the definition of Pcmax,c which contains the definition for PPUCCH,c
d) PUSCHvirtual+PUCCHvirtual states that for Pcmax,c the power back off terms are zero.

The definition of Type 2 a) PH may cause some confusion to the makeup of Pcmax,c. In this case it would be helpful to have an explicit comment stating the contributors to Pcmax,c. 
Proposal 3 – For the definition of Type 2 a) PH in 36.213 [2] it should explicitly state the contributors to Pcmax,c.
If this change is going to be made to 36.213 [2] then it would also be beneficial to explicitly state the contributors to Pcmax,c values for the PH calculation for cases where real transmissions occur.

Proposal 4 – Explicitly state the contributors to Pcmax,c values for the PH calculation in 36.213 [2] for cases where real TX occur.
3 Conclusions
This document looks at the definition of Pcmax,c and how this definition is used in the uplink power control definitions in 36.213 [2]. Power back off parameters used in the calculation of Pcmax,c in 36.213 [2] appear to be per CC based however there are instances where the RAN4 definition of power back off are per UE based such as the intraband CA case and power back off due to limit SAR. 
The definitions of the power headroom reporting in [2] 36.213 could benefit from some updates explicitly listing the contributors to Pcmax,c for real transmissions.

The following proposals were made:
Proposal 1 - the definition of Pcmax,c needs to be added to 36.101 [1]. The MPR value used in the Pcmax,c definition should be per CC and include any dependency on the TX power of other CC.
Proposal 2 - the definition of Pcmax,c needs to include the value of P-MPR. The P-MPR value used in the Pcmax,c definition should include any dependency on the TX power of other CC such as required by a SAR limiting case.
Proposal 3 – For the definition of Type 2 a) PH in 36.213 [2] it should explicitly state the contributors to Pcmax,c.

Proposal 4 – Explicitly state the contributors to Pcmax,c values for the PH calculation in 36.213 [2] for cases where real TX occur.
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