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1 Introduction

The WI proposal to specify the Public Safety Broadband High Power UE for Band 14 for Region 2 was approved in RAN #55 [1]. Whilst the objectives of this WI are focussed on the core RF requirements, it is necessary to check that existing signalling parameters governing the UE transmit power are compatible with the proposed output power for the high power UE.
This submission examines the signalling parameters that impact the transmit power calculation performed at the UE and identifies one parameter that may not be consistent with the uplink power control operation when the UE power is increased to 33dBm.

2 Uplink Power Control 
2.1 General equation
The uplink power control equation is given in TS36.213 [2] as:
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In order for the UE to reach full output power, both the configured maximum power, 
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, and the calculated transmit power must be able to reach the maximum UE output power level. The elements of this equation most relevant to high power UEs are discussed in more detail in the following sections.

2.2 PCMAX
This is the configured maximum transmit power for the UE. It is defined in TS36.101 [3] section 6.2.5.
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The terms 
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 are all defined in TS36.101 [3]. Of these parameters, only 
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 is used to define the upper bound on the UE transmit power. It will be necessary to add an additional entry into Table 6.2.2-1 for the Band 14 high power UE. In addition, the tolerance values in Table 6.2.5-1 that apply to the measured configured maximum output power, 
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, will also need to be extended to cover the increase in transmit power from the high power UE. A proposed amendment to address the power level has been provided in [7] and a proposal for tolerance values has been provided in [4].
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 is the value in the IE P-Max defined in TS36.331 [5]:
P-Max information element
-- ASN1START

P-Max ::=



INTEGER (-30..33)

-- ASN1STOP

As can be seen, this parameter is already defined to +33dBm and does not need to be adjusted in order to support high power UEs, assuming the maximum UE output power does not exceed +33dBm. Note the same observation was made in [6].
2.3 PO_PUSCH
For the cases where 
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 (PUSCH transmissions associated with semi-persistent or dynamic grants respectively) then 
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These parameters are signalled to the UE in the IE Uplink Power Control. The following is an extract from [5].

UplinkPowerControl information elements
-- ASN1START

UplinkPowerControlCommon ::=

SEQUENCE {


p0-NominalPUSCH





INTEGER (-126..24),


alpha







ENUMERATED {al0, al04, al05, al06, al07, al08, al09, al1},


p0-NominalPUCCH





INTEGER (-127..-96),


deltaFList-PUCCH




DeltaFList-PUCCH,


deltaPreambleMsg3




INTEGER (-1..6)

}

UplinkPowerControlCommon-v1020 ::=
SEQUENCE {


deltaF-PUCCH-Format3-r10



ENUMERATED {deltaF-1, deltaF0, deltaF1, deltaF2,















deltaF3, deltaF4, deltaF5, deltaF6},


deltaF-PUCCH-Format1bCS-r10



ENUMERATED {deltaF1, deltaF2, spare2, spare1}

}

UplinkPowerControlCommonSCell-r10 ::=
SEQUENCE {


p0-NominalPUSCH-r10




INTEGER (-126..24),


alpha-r10






ENUMERATED {al0, al04, al05, al06, al07, al08, al09, al1}

}

UplinkPowerControlDedicated ::=

SEQUENCE {


p0-UE-PUSCH






INTEGER (-8..7),


deltaMCS-Enabled




ENUMERATED {en0, en1},


accumulationEnabled




BOOLEAN,


p0-UE-PUCCH






INTEGER (-8..7),


pSRS-Offset






INTEGER (0..15),


filterCoefficient




FilterCoefficient




DEFAULT fc4

}

UplinkPowerControlDedicated-v1020 ::= SEQUENCE {


deltaTxD-OffsetListPUCCH-r10

DeltaTxD-OffsetListPUCCH-r10
OPTIONAL,

-- Need OR


pSRS-OffsetAp-r10




INTEGER (0..15)




OPTIONAL

-- Need OR

}

UplinkPowerControlDedicatedSCell-r10 ::=

SEQUENCE {


p0-UE-PUSCH-r10





INTEGER (-8..7),


deltaMCS-Enabled-r10




ENUMERATED {en0, en1},


accumulationEnabled-r10



BOOLEAN,


pSRS-Offset-r10





INTEGER (0..15),


pSRS-OffsetAp-r10




INTEGER (0..15) 




OPTIONAL,
-- Need OR


filterCoefficient-r10



FilterCoefficient




DEFAULT fc4,


pathlossReferenceLinking-r10

ENUMERATED {pCell, sCell}

}

DeltaFList-PUCCH ::=



SEQUENCE {


deltaF-PUCCH-Format1



ENUMERATED {deltaF-2, deltaF0, deltaF2},


deltaF-PUCCH-Format1b



ENUMERATED {deltaF1, deltaF3, deltaF5},


deltaF-PUCCH-Format2



ENUMERATED {deltaF-2, deltaF0, deltaF1, deltaF2},


deltaF-PUCCH-Format2a



ENUMERATED {deltaF-2, deltaF0, deltaF2},


deltaF-PUCCH-Format2b



ENUMERATED {deltaF-2, deltaF0, deltaF2}

}

DeltaTxD-OffsetListPUCCH-r10 ::=
SEQUENCE {


deltaTxD-OffsetPUCCH-Format1-r10

ENUMERATED {dB0, dB-2},


deltaTxD-OffsetPUCCH-Format1a1b-r10

ENUMERATED {dB0, dB-2},


deltaTxD-OffsetPUCCH-Format22a2b-r10
ENUMERATED {dB0, dB-2},


deltaTxD-OffsetPUCCH-Format3-r10

ENUMERATED {dB0, dB-2},


...

}

-- ASN1STOP

It is noted that 
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 for secondary cells) has a  range of [-126..24], the upper bound being consistent with the current class 3 UE transmit power of +23dBm.
At first inspection, it appears that an increase in the output power of the UE may warrant a corresponding increase in the upper bound of 
[image: image19.wmf]PUSCH

NOMINAL

O

P

_

_

 to 34 in order to match the +33dBm transmit power proposed for the high power UE.
However it is also recognised that the largest values of 
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 are used when 
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 meaning the UE does not attempt to compensate for path loss in the open loop part of the power control calculation. Such power control strategy may be considered to be unlikely in actual field deployments. As a consequence, it may not be strictly necessary to increase the signalled range of 
[image: image22.wmf]PUSCH

NOMINAL

O

P

_

_

 because practical power control strategies likely to be used in the field can be designed to allow a high power UE to achieve its full transmit power.

Since there are two possible views on whether a change is needed to the range of 
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, it is proposed that RAN4 ask RAN1 for their opinion on this matter.

3 Conclusion

Studying the power control equation defined in [2] shows that two parameters (
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) conveyed to the UE in RRC signalling are directly connected to the maximum transmit power of the UE. The parameter 
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 already has an upper bound that is consistent with the target output power of +33dBm considered for the high power UE. 
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 has an upper bound of 24 which is consistent with the output power of a power class 3 UE.

It is acknowledged that the upper bound of 
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 is unlikely to limit the transmit power of a high power UE in a “real-world” system deployment, however leaving the value unchanged does represent a reduction in flexibility for a high power UE compared to a power class 3 UE.

RAN4 is asked to consider if it is necessary to obtain the opinion of RAN1 on the question of increasing the value of 
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 for secondary cells) to 34.
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