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1.0 Introduction 
This document looks at the issues related to subclause 6.2.5 Configured transmitted power. 
2.0 Discussion
The requirements for this subclause covers the absolute transmit power across the full transmit dynamic range from maximum transmit power to minimum output power. This would need to account for allowed power reductions at maximum power such as; ∆Tc, MPR, small values of A-MPR, and for other values of the dynamic ranges such as; PEMAX, P-MPR, A-MPR (large), etc. 
Associated with this transmit power is the measured allowed tolerance as defined in the Table 6.2.5-1 for the value of PCMAX.. Therefore it is important that there is alignment and consistency between the requirements defined in the separate subclause(s) and total transmitter configured power defined in subclause 6.2.5.  
Subclause 6.2.5 states; The UE is allowed to set its configured maximum output power PCMAX. The configured maximum output power PCMAX is set within the following bounds:
PCMAX_L ≤ PCMAX ≤ PCMAX_H 
Where
PCMAX	= Configured maximum output power
PCMAX_H	= MIN {PEMAX, PPowerClass}
PCMAX_L	= MIN {PEMAX –ΔTC, PPowerClass – MPR +A-MPR – ΔTC     for release 8 and 9
= MIN {PEMAX –ΔTC, PPowerClass – MAX (MPR +A-MPR, P-MPR) – ΔTC}   for release 10 
PEMAX	= the value given to IE P-Max, defined in [7]
∆Tc	= 1.5 dB when Note 2 in Table 6.2.2-1 applies
MPR	= MPR specified in subclause 6.2.3
A-MPR	= A-MPR specified in subclause 6.2.4
P-MPR 	= Allowed maximum output power reduction for applicable electromagnetic energy absorption requirements - release 10 
T(PCMAX) 	= T(PCMAX) is defined by the tolerance table 6.2.5-1 and applies to PCMAX_L and PCMAX_H separately
PUMAX	= the measured conf.max. output power PUMAX shall be within: PCMAX_L  –  T(PCMAX_L) ≤ PUMAX ≤ PCMAX_H  +  T(PCMAX_H)
NOTE 1: 	The above tolerances are applicable for UE(s) that support up to 4 E-UTRA operating bands
NOTE 2: 	2 bandwidths within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the lower tolerance limit relaxed by 1.5dB
NOTE 3:	 For the UE which supports both Band 11 and Band 21 operating frequencies, the tolerance is FFS
NOTE 4: 	PPowerClass is the maximum UE power specified without taking into account the tolerance
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Some general observations; 
1. PCMAX_L is defined differently  in release 10+ compared to rel 8/9 
2. In release 10 onwards  the parameter P-MPR was introduced, although this is used in earlier releases to address SAR regulatory requirements, however, we note if P-MPR = 0 as in a conducted tests the requirements in terms of PCMAX_L and PUMAX are the same for both release 8/9 and release 10+
3. In release 8/9 all the specified bands were specified with symmetrical tolerances  for the power class as per Table 6.2.2-1 (UE power class) 
4. In release 10 some bands were specified with asymmetrical tolerances which range for -2.5dB to -3/3.5 dB at higher frequencies
5. P-MPR currently has no lower bounded limit, it may be useful if this is defined since the current specification allows a lower bounded limit of -40dBm which is clearly not needed for SAR requirements. In the analysis below we have used as an example 6dB and 12 dB
6. In the example table below we have also plotted the impact of PEMAX = 22, 21, 20 and the RAN5 conformance values of 15, 10 and -10 dBm. 
7. As the total relaxation starts to exceed 6-8dB the allowed lower Pumax starts to be significant which should be considered when setting larger values for A-MPR, PEMAX, etc
8. Additionally, although not discussed in this paper UL-MIMO was specified with asymmetrical power tolerance which ranges from -3.0 to -4.5 dB for all LTE bands (Table 6.2.2B-1). 
9. Furthermore UL-MIMO introduced asymmetrical tolerance in the PCMAX tolerance in Table 6.2.5B-1 although the values are still in brackets and therefore the impact of asymmetry for UL-MIMO has not been addressed in this paper 
If we plot the release 10 requirements for delta changes (highlighted in grey) in; power tolerance, ∆TC, MPR,  MPR due to single carrier multi-cluster, A-MPR, P-MPR and PEMAX we note the following anomaly in the requirements for PUMAX  which is highlighted in yellow
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In the case of asymmetrical tolerance above we note the specification should allow a lower value of PUMAX when the tolerance is lower than the –2dB reference case i.e. -2.5, 3.0, etc for Power Class 3. Asymmetrical tolerances were specified for some release 10 bands to account for the larger operating band or the use of split duplexer to support this larger operating frequency range at high frequencies. The current bands in 36.101 which are defined with an asymmetrical tolerance are shown below;
	E‑UTRA 
Band
	Uplink (UL) operating band
BS receive / UE transmit
	Downlink (DL) operating band
BS transmit / UE receive
	Duplex Mode
	Tolerance (dB)

	
	   FUL_low     –    FUL_high
	  FDL_low      –     FDL_high
	
	

	22
	3410 MHz
	–
	3490 MHz
	3510 MHz
	–
	3590 MHz
	FDD
	+2/-3.52

	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	FDD
	+2/-2.5

	42
	3400 MHz
	–
	3600 MHz
	3400 MHz
	–
	3600 MHz
	TDD
	+2/-3

	43
	3600 MHz
	–
	3800 MHz
	3600 MHz
	–
	3800 MHz
	TDD
	+2/-3

	44
	703 MHz
	–
	803 MHz
	703 MHz
	–
	803 MHz
	TDD
	+2/[-3]



Since the bands are release independent, the lack of asymetrical tolerance in the PUMAX requirements lead to inconsistant specfication and alignment with the different specfication releases. The other approach would be to reduce the PPowerClass so as to maintain a ± 2dB tolerance for the maximum transmit power in subclause 6.2.  Since these bands are more of an exception than the norm it would be easier to treat this as a special case similar to ∆Tc and allow an additional relaxation TL if the maximum UE transmit tolerance is larger than -2 dBm. This could be defined for both release 9 and later release as follows

Proposed changes for release 9 
· PCMAX_L = MIN {PEMAX – TC, PPowerClass – MPR – A-MPR – TC –TL}
Proposed changes for release 10 /11+
· PCMAX_L	 = MIN {PEMAX –ΔTC, PPowerClass – MAX(∆TL  + MPR +A-MPR, P-MPR) – ΔTC}   
Where 
TL = 	-2 – maximum UE power lower tolerance as specified in the Table 6.2.2-1 for the Power Class and operating band
With this correction, we note in case of asymmetrical tolerance the PUMAX is now addressed as shown below (highlighted in green) 
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This relaxation is only applicable when the lower tolerance for the power class and operating band is lower than ±2dB. As an example for B28 (+2/-2.5 dB) we note that ∆TL   parameter will allow a 0.5dB (2 - -2.5) relaxation for PUMAX compared to the reference case ±2dB.
In all the above scenarios considered, PUMAX has an upper values of 25dBm (23dBm +2dB) unless PEMAX is signalled. However, since subclause may cover other scenarios it may be useful to include state an explicit upper bounded limit particular for cases of CA and multiple UL timing scenarios. Meeting this requirement could be implementation specific as in WCDMA or defined separately. It proposed this additional normative text to state the upper bounded value should only be included for later releases  
A CR is also proposed for release 9 in [1] to add the term TL to the existing equation if this is felt to be needed for earlier release 
A CR is also proposed for release 10 in [2] and release 11 in [3] to add the term TL to the existing equation. Additionally a number of others corrections are also included related to CA requirements 
3.0 Reference 
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Reference case  (no relaxation )

23 2 -2.00.0 0.0 0.0 0.0 23.0 23.0 2.0 23.0 2.0 21.0 25.0

Impact of tolerance in power class table 

23 2 -2.50.0 0.0 0.0 0.0 23.0 23.0 2.0 23.0 2.0 21.0 25.0

23 2 -3.00.0 0.0 0.0 0.0 23.0 23.0 2.0 23.0 2.0 21.0 25.0

Impact of ∆Tc

23 2 -2.01.5 0.0 0.0 0.0 23.0 21.5 2.0 23.0 2.0 19.5 25.0

Impact of  MPR

23 2 -2.00.0 1.0 0.0 0.0 23.0 22.0 2.0 23.0 2.0 20.0 25.0

23 2 -2.00.0 2.0 0.0 0.0 23.0 21.0 2.0 23.0 2.0 19.0 25.0

23 2 -2.00.0 8.0 0.0 0.0 23.0 15.0 5.0 23.0 2.0 10.0 25.0

Impact of A- MPR

23 2 -2.00.0 0.0 1.0 0.0 23.0 22.0 2.0 23.0 2.0 20.0 25.0
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Impact of P- MPR
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23 2 -2.00.0 0.0 0.0 0.0 21.0 21.0 2.0 21.0 2.0 19.0 23.0

23 2 -2.00.0 0.0 0.0 0.0 20.0 20.0 2.5 20.0 2.5 17.5 22.5

23 2 -2.00.0 0.0 0.0 0.0 15.0 15.0 5.0 15.0 5.0 10.0 20.0

23 2 -2.00.0 0.0 0.0 0.0 10.0 10.0 6.0 10.0 6.0 4.0 16.0

23 2 -2.00.0 0.0 0.0 0.0 -10.0 -10.0 7.0 -10.0 7.0 -17.0 -3.0
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