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1 Introduction
In TR36.803 the applicable transmit power is defined in terms of 

· 6.2.1
Maximum Output Power (MOP) 

· 6.2.2
UE Power Class

· 6.2.3
Maximum power Reduction (MPR) 

· 6.2.5 
Additional Maximum Power Reduction (A-MPR)

In this paper we review some of the earlier decisions and propose some changes for the TR/TS for Maximum Output Power (MOP) and UE Power Class. 
2 UE transmit power requirements

The current text proposal in [1] is shown below, proposed changes to TS36.803 are shown in track changes. Text proposal to TS36.101 are shown separately 
2.1 Maximum Output Power (MOP) 

6.2.1
Maximum Output Power (MOP) The Maximum Output Power (MOP) defined in Table 6.2.1-1 is the broadband transmit power of the UE, i.e. the power in the channel bandwidth for all the Transmit bandwidth configurations (Resources Block)
Table 6.2.1-1: Maximum Output Power (MOP)

	Class 
	Power              (dBm)
	

	1
	[+30]
	

	2
	[+27]
	

	3
	25
	

	4
	[+21]
	


The rationales for the changes are
1. Since the requirements of occupied bandwidth, spectrum mask, ALCR etc are now defined in terms of the channel bandwidth (1.4 -20MHz) it is not necessary  to increase the measurement bandwidth to (1+x times the channel bandwidth 
2. As indicated in R4-070415, table 6.2.1-1 is used to define the maximum conducted power for regulatory purposes. Hence, this should be defined in terms of a single maximum value. The use of a tolerance in particular a negative tolerance is confusing since this tolerance is duplicated for the power class requirement. Hence it is proposed to define a single maximum value for Maximum Output Power.
3. It is proposed to define a power class 2 which is 2-3 dB higher. The justification for this increase is to allow a higher conducted power for TDD or HD-FDD where the duplexer losses may reduce so as to permit a higher transmit power. 
2.2 UE power class

In R4-07415 it was indicated that the Power class definition in LTE will depend on RB allocation, frequency bands, FDD/TDD, etc. This separation of maximum output power and UE power class was to allow for future enhancements in terms of additional power class, as long as these power classes do not exceed the specified Maximum Output Power (MOP) due to regulatory issues

In R4-07415 it was indicated the UE power class may need to take into account the following; 
· Support for high, medium and low band operation 
· Support for multi-RAT (GSM/WCDMA/LTE). Separate PA(s) will be needed for GSM and LTE/WCDMA
· Duplex losses are band dependant, so it is difficult to maintain the same power class for all bands.
· The larger number of operating bands would make not make it feasible to define the same power class for all bands (as this requires a separate PA for each band ) and some  amortization of PA technology in terms of high, medium and low band split operation would be needed to reduce the number of PA(s)  needed to support multi-band operation. Adopting a band split solution would be more aligned with the current thinking for antenna radiated performance in terms of a low, mid and high band 
Although most companies and operators agreed with the conclusions of R4-07415, the outcome for some operators was the request to maintain the same power for all bands.  The rationale for this approach is some operators may only want terminals to support a few bands and hence the number of PA may not be an issue.  In order to address this issue and the point raised in R4-07415 we propose the following;
· UE power class 2 is defined as 25 dBm +2/-4 dB for all bands. 

· UE power class 3 is defined as 23 dBm +/-2 dB for all bands. 

· A note is added that for UE(s) that support more than [4] different E-UTRA or / and UTRA operating bands an exception is allowed in terms of a [1] dB lower tolerance limit for each power class. I.e. the tolerance is reduced to 23 dBm +2/-3 dB for terminal supporting more than 4 different EUTRA or UTRA operating bands. Support for other RAT(s) e.g. GSM are not included in this exception and hence should  provide further justification for this note since a multi-mode terminal would generally support up to 4 GSM bands, GPS, Bluetooth in addition to this E-UTRA/UTRA requirement 
We believe this is a pragmatic solution to progress the increased need for multi-band operation and to rationalize the number of PA(s) and switching losses due to the increase in operating bands.   In this context we should understand the key parameter from a coverage aspect is the radiated power and not the conducted power so this case it is preferable to re-allocate the internal handset volume to a larger antenna than increase the number of PA(s) for multi-band operation in order to meet conducted power requirements  
The alternative of not providing this relaxation would delay the support of multi-band terminal since this will require a larger RF amplifier to support the required conductive power which would result in a larger form factor and battery considerations. This negative aspect would not provide the incentive to both the user and handset supplier to support such multi-band terminal and would delay the take up of new spectrum opportunities which require multi band support.
For power class 2 it is proposed the value is set at 25 dBm +2/-4 dB.  The higher power class is inline with the maximum power (MOP) of 27 dBm and the lower power tolerance is inline with Power class 3 of 23 +/- 2 dB. The reason for the -4 dB lower limit is to align the SAR/HUC/EMC regulatory limit in the case of an excessive Tx duty cycle which is possible when operating in a TDD or HD- FDD mode. The motivation for the new power class is to increase the Tx power and the spec should allow this benefit where itis possible. The lower limit is to indicate this higher power would need to take into account SAR/HUC/EMC issues depending on the duty cycle. The -4dB tolerance is to ensure this is no worse than a power class 3 
We propose the following revisions shown with track changes to TR 36.803 section 6.2.2

6.2.2
 UE Power classThe following Power Classes define the Nominal Maximum Output power. The nominal Maximum Output Power defined is the broadband transmit power of the UE, in the channel bandwidth of the radio access mode. The period of measurement shall be at least one [timeslot/ frame/TTI]. 
Table 6.2.2-1: UE Power Class

	E-UTRA Band
	Class 1 (dBm)
	Tol. (dB)
	Class 2 (dBm)
	Tol.   (dB)
	Class 3 (dBm)
	Tol.    (dB)
	Class 4 (dBm)
	Tol.    (dB)

	1
	
	
	
	
	23
	( 2
	
	

	2
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	3
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	4
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	5
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	6
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	7
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	8
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	9
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	10
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	11
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	12
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	13
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	14
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	...
	
	
	
	
	
	
	
	

	33
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	34
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	35
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	36
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	37
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	38
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	Note
1. For UE that support more than  [4] different E-UTRA or / and UTRA operating bands, an exception of 1 dB is allowed in terms of a  [1] dB  lower tolerance limit for each power class



The transmission bandwidth configuration (Resources Blocks) for maximum output power specified in Table 6.2.2-1 is defined in Table 6.2.2-2 below for QPSK modulation
3 Reference
[1] R4-070415; LTE UE transmit power; Motorola 
-------------   Start of Text proposal for TS.36.101 ---------------------

4 Transmitter characteristics

4.1 General

Unless otherwise stated, the transmitter characteristics are specified at the antenna connector of the UE with a single transmit antenna. For UE with integral antenna only, a reference antenna with a gain of 0 dBi is assumed. 
4.2 Transmit power

4.2.1 
Maximum Output Power (MOP) The Maximum Output Power (MOP) defined in Table 6.2.1-1is the broadband transmit power of the UE, i.e. the power in the channel bandwidth for all the Transmit bandwidth configurations (Resources Block)

Table 6.2.1-1: Maximum Output Power (MOP)

	Class 
	Power              (dBm)

	1
	

	2
	[+27]

	3
	+25

	4
	


4.2.2  UE Power classThe following Power Classes define the Nominal Maximum Output power. The nominal Maximum Output Power defined is the broadband transmit power of the UE, i.e. the power in the channel bandwidth of the radio access mode. The period of measurement shall be at least one [timeslot/ frame/TTI]. 

Table 6.2.2-1: UE Power Class

	E-UTRA Band
	Class 1 (dBm)
	Tol. (dB)
	Class 2 (dBm)
	Tol.   (dB)
	Class 3 (dBm)
	Tol.    (dB)
	Class 4 (dBm)
	Tol.    (dB)

	1
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	2
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	3
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	4
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	5
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	6
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	7
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	8
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	9
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	10
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	11
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	12
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	13
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	14
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	...
	
	
	
	
	
	
	
	

	33
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	34
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	35
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	36
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	37
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	38
	
	
	[25]
	[+2/-4]
	23
	( 2
	
	

	Note

1. For UE that support more than [4] different E-UTRA or / and UTRA operating bands, a [1] dB exception is allowed in terms for the lower tolerance limit for each power class




The transmission bandwidth configuration (Resources Blocks) for maximum output power specified in Table 6.2.2-1 is defined in Table 6.2.2-2 below for QPSK modulation

Table 6.2.2-2: UE Power Class / channel bandwidth / transmission configuration
	UE   Power Class
	Channel bandwidth / Transmission bandwidth configuration [RB]

	
	1.4 MHz
	1.6 MHz
	3 MHz
	3.2 MHz
	5 MHz
	10  MHz
	15 MHz
	20  MHz

	1
	
	
	
	
	
	
	
	

	2
	≤ [TBD]
	≤ [TBD]
	≤ [TBD]
	≤ [TBD]
	≤ 8
	≤ 12
	≤ 14
	≤ 18

	3
	≤ [TBD]
	≤ [TBD]
	≤ [TBD]
	≤ [TBD]
	≤ 8
	≤ 12
	≤ 14
	≤ 18

	4
	
	
	
	
	
	
	
	


4.2.3 
Maximum Power Reduction (MPR)-------------   End of Text proposal for TS.36.101 --------------------
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