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1 Introduction
In RAN4 #49 Prague meeting, the serious problem of small margin in factory calibration of maximum UE output power requirement was raised [1]. This problem is caused by simultaneous fulfilment of Spectrum flatness requirement and the tolerance of maximum output power requirement. In this paper, we will discuss this problem and propose new method to solve this problem in a different way.
2 Problem description
In [1], it is pointed out that the current requirement of transmitter with maximum UE output power and spectrum flatness may cause problem of small margin in factory calibration since those two requirements shall be met simultaneously. The spectrum flatness shall be within ±2 dB at the middle of the system bandwidth and within +3/-5dB at the edge of system bandwidth. This spectrum flatness requirement is also applicable in case of maximum UE output power. Furthermore,  output power has not much margin to meet the maximum UE output power tolerance due to already applied spectrum flatness requirement mostly in case of small active RB allocation for transmitter. For example, if we measure one RB’s maximum output power, the output power could be 21dBm due to duplex filter’s ripple even though we set the output power as 23dBm . This result also needs some measurement uncertainty margin around xdB to be considered. Finally, output power could be below 21dBm which will not meet the ±2 dB maximum output power tolerance.
3 Mean maximum UE output power
It was proposed to use mean maximum output power to meet the maximum UE output power requirement [1] in the presence of some measurement uncertainties of worst case mentioned in section 2. As described in Figure 1, this method measures all active one RB’s output power across system bandwidth and make mean value of all measured data to compare with maximum UE output power’s tolerance. This method will relax the tight requirement which need to be followed in case of small active RB allocation. However, it is not clear that the measured output power in one active RB could be high or low which are outside of the spectrum flatness requirement and maximum UE output power tolerance requirement.
Figure 1
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4 Relaxation of UE output power due to measurement uncertainty in small RB allocation
It is proposed that the relaxation of the tolerance in Maximum UE output power in the case of small RB allocation to mitigate the problem mentioned in section 2. This method has benefit of limiting the tolerance specifically with respect to active RB allocation size across system bandwidth. This will remove any possible big or small output power measurement of one active RB that can be occurred in mean maximum output power measurement method.
Proposal:
The tolerance of maximum output power requirement with small RB allocation(less than or equal to 5RB) shall be specified depending on location of the RB allocation as in table 1

Table 1
	Location of RB allocation
	RB_allocation_index-RB_min_index >=15 and RB_max_index-RB_allocation_index <=15 
	RB_allocation_index-RB_min_index <15 or RB_max_index-RB_allocation_index >15

	
	±3dB
	±4dB


Table 1 and Picture 2 show how the tolerance of maximum UE output power will be specified in the spec. For full RB allocation, maximum UE output power tolerance shall be maintained as current requirement which is ±2dB. In full RB allocation, all measurement uncertainties are averaged in the process of measuring across system bandwidth. As the active RB allocation decrease, the output power is located depending on the duplex filter’s ripple position and measurement uncertainty is quite dependent on ripple’s position. Therefore, the requirement of tolerance of output power shall be relaxed as the active RB allocation decrease. Specifically, we propose to loose maximum output power tolerance for less than or equal to 5RB allocation. However due to different spectrum flatness requirement with respect to the location of RB allocation, we propose two type of maximum output power tolerance with same condition of spectrum flatness.
Furthermore,The maximum UE output power requirement was from W-CDMA spec and it is always sending maximum power in full system bandwidth. Since SC-FDMA in uplink LTE could have smaller RB assignment, it is natural to define RB allocation dependent maximum UE output power requirement.

Figure 2
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5 Conclusion
In this paper, following statement was proposed to mitigate the problem of small margin of factory calibration due to simultaneous requirement of maximum UE output power and spectrum flatness.
Proposal:

The tolerance of maximum output power requirement shall be specified depending on actively transmitted bandwidth (RB) as in table 1
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6.2.1
Void

6.2.2
 UE Maximum Output Power
The following UE Power Classes define the maximum output power. The power is the broadband transmit power of the UE, i.e. the power in the channel bandwidth (clause 5.2) of the radio access mode. The period of measurement shall be at least one sub frame (1ms).
Table 6.2.2-1: UE Power Class

	E-UTRA Band
	Class 1

(dBm)
	Tolerance

(dB)
	Class 2

(dBm)
	Tolerance

(dB)
	Class 3

(dBm)
	Tolerance

(dB)
	Class 4

(dBm)
	Tolerance

(dB)

	1
	
	
	
	
	23
	(2
	
	

	2
	
	
	
	
	23
	(2
	
	

	3
	
	
	
	
	23
	(2
	
	

	4
	
	
	
	
	23
	(2
	
	

	5
	
	
	
	
	23
	(2
	
	

	6
	
	
	
	
	23
	(2
	
	

	7
	
	
	
	
	23
	(2
	
	

	8
	
	
	
	
	23
	(2
	
	

	9
	
	
	
	
	23
	(2
	
	

	10
	
	
	
	
	23
	(2
	
	

	11
	
	
	
	
	23
	(2
	
	

	12
	
	
	
	
	23
	(2
	
	

	13
	
	
	
	
	23
	(2
	
	

	14
	
	
	
	
	23
	(2
	
	

	...
	
	
	
	
	
	
	
	

	17
	
	
	
	
	23
	(2
	
	

	...
	
	
	
	
	
	
	
	

	33
	
	
	
	
	23
	(2
	
	

	34
	
	
	
	
	23
	(2
	
	

	35
	
	
	
	
	23
	(2
	
	

	36
	
	
	
	
	23
	(2
	
	

	37
	
	
	
	
	23
	(2
	
	

	38
	
	
	
	
	23
	(2
	
	

	39
	
	
	
	
	23
	(2
	
	

	40
	
	
	
	
	23
	(2
	
	

	Note 

1. The above tolerances are applicable for UE(s) that support up to 4 E-UTRA operating bands. For UE(s) that support  5 or more E-UTRA bands the maximum output power is expected to decrease with each additional band and is FFS


6.2.3 UE Maximum Output Power with small RB allocation
The following UE Power Classes define the maximum output power. The power is the transmit power of the UE with small RB allocation which is less than or equal to 5 resource block. The period of measurement shall be at least one sub frame (1ms).
	Location of RB allocation
	RB_allocation_index-RB_min_index >=15 and RB_max_index-RB_allocation_index <=15 
	RB_allocation_index-RB_min_index <15 or RB_max_index-RB_allocation_index >15

	
	±3dB
	±4dB


6.2.4
UE Maximum Output power for modulation / channel bandwidth 
For UE Power Class 3, the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2.2-1due to higher order modulation and transmit bandwidth configuration (resource blocks) is specified in Table 6.2.3-1.
Table 6.2.3-1:  Maximum Power Reduction (MPR) for Power Class 3

	Modulation
	Channel bandwidth / Transmission bandwidth configuration (RB)
	MPR (dB)

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	

	QPSK
	> 5 
	> 4 
	> 8 
	> 12
	> 16
	> 18
	≤ 1

	16 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 2


6.2.5
UE Maximum Output Power with additional requirements 

Additional ACLR and spectrum emission requirements can be signalled by the network to indicate that the UE shall meet also additional requirements in a specific deployment scenario. To meet these additional requirements the concept of Additional Maximum Power Reduction A-MPR is introduced for the output power in Table 6.2.2-1 

For UE Power Class 3 the specific requirements and identified sub-clauses are specified in table 6.2.4-1 along with the allowed A-MPR values that may be used to meet these requirements. The allowed A-MPR values specified below in Table 6.2.4.-1 are in addition to the allowed MPR requirements specified in clause 6.2.3.

Table 6.2.4-1: Additional Maximum Power Reduction (A-MPR) / Spectrum Emission requirements
	Network Signalling value
	Requirements (sub-clause)
	E-UTRA Band
	Channel bandwidth (MHz)
	Resources Blocks
	A-MPR (dB)

	NS_01
	-
	-
	-
	
	

	NS_02
	6.6.2.4.1
6.6.3.3.1
	1, 6, 9, 11
	10
	> 42
	≤ 1

	
	
	
	15
	> 44
	≤ 1

	
	
	
	20
	> 48
	≤ 1

	NS_03
	6.6.2.2.1
	2, 4,10, 35, 36
	3
	>5 
	≤ 1

	
	6.6.2.2.1
	2, 4,10, 35,36
	5
	>6
	≤ 1

	
	6.6.2.2.1
	2, 4,10, 35,36
	10
	>6
	≤ 1

	
	6.6.2.2.1
	2, 4,10,35,36
	15
	>8
	≤ 1

	
	6.6.2.2.1
	2, 4,10,35, 36
	20
	>10
	≤ 1

	NS_04
	6.6.2.2.2
	TBD
	TBD
	TBD
	


	NS_05
	6.6.3.3.1
	1
	10,15,20
	≥ 50 for QPSK
	≤ 1

	NS_06
	6.6.2.2.3
	12, 13, 14, 17
	1.4, 3, 5, 10
	n/a
	n/a

	NS_07
	6.6.2.2.3

6.6.3.3.2
	13
	10
	Table 6.2.4-2
	Table 6.2.4-2

	..
	
	
	
	
	

	NS_32
	-
	-
	-
	-
	-

	Note:
0 ≤A-MPR ≤ 3




Table 6.2.4-2 : A-MPR for “NS07”

	 
	Region A
	Region B
	Region C

	[RB_start]
	TBD
	TBD
	TBD

	[Max. L_CRBs] 
	TBD
	TBD
	TBD

	 A-MPR (dB)
	TBD
	TBD
	TBD
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