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1
Introduction
At the last RAN4 meeting #43 bis, an alternative Spectrum Emission Mask (SEM) solution for E-UTRA UE was proposed in [1]. The SEM proposed is applicable in a generic way regardless of operating bandwidth and was widely supported in the group. This paper provides further investigation on the proposed SEM as well as Adjacent Channel Leakage power Ratio (ACLR) estimation using an actual power amplifire. As a result, estimated required power reduction under some conditions are shown.

2 Evaluation method
In this contribution, target SEM is set as in Figure 1 which is derived from “LTE1 mask” specified in [1] but excluding FCC requirements and PHS protection requirements from the original mask. FCC requirements are excluded since the measurement was made in E-UTRA band 1 (2GHz FDD UL band) where the FCC mask requirements may not be mandated and PHS protection requirement is dropped as it should be separately specified as a spurious emission requirement. As already stated in [1], SEM modification would be needed if it is not fit for typical spectrum of E-UTRA UL since the mask is a tool to make a sanity check of UL transmitter.
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Figure 1 LTE1 Mask (excluding FCC requirement and PHS band protection) [1]
Regarding the ACLR estimation, measurement conditions of Adjacent Channel Power and ACLR criteria are set as in Table 1. It should also be noted the following discussion would depend on the actual ACLR requirement which values have not yet been finalized.

Table 1 ACP measurement conditions and ACLR criteria assumed
	#
	Item
	Separation from the band edge
	Measurement bandwidth
	ACLR requirement assumed

	1
	ACP1
	2.5MHz
	3.84MHz
	33dBc

	2
	ACP2
	7.5MHz
	3.84MHz
	43dBc


To estimate required power reduction range to conform the SEM or ALCR criteria, a typical Power Amplifire capable with UMTS release 6 specification was taken as a DUT and UL Out of band emission was measured under the conditions summarized in Table 2.
Table 1 UL signal under the test
	#
	Item
	Parameter
	Remarks

	1
	UE output power
	+23 dBm
	

	2
	UE Tx carrier freq.
	E-UTRA Band 1 (2GHz band, FDD UL)
	

	3
	Number of resource blocks
	1, 4, 5, 6, 7, 8, 25, 50, 75, and 100
	

	4
	Modulation
	QPSK, 16QAM
	

	5
	Power amplifier (PA)
	Real GaAsHBT-PA
	Tuned to meet the release-6 ACLR requirements

	6
	Time Windowing
	Raised Cosine, 12 samples
	


Figure 2 illustrates the UL signal, SEM and ACPs measured. In case the UL signal goes beyond either the ACLR criteria (in Table 2) or the SEM(Figure 1), the UL power is reduced until the condition is met.

[image: image2]Figure 2 SEM and ACPs
3 Measurement results
Figure 3 shows a required power reduction for the case of QPSK and 16QAM, with fully loaded Resource Blocks in 20MHz system bandwidth as an example. As can be seen from the charts, the UL transmit power should be reduced by 1.7 dB (for QPSK case) or 2.2dB (for 16QAM case) from the maximum tx power of 23dBm respectively to meet the SEM requirement (shown as red solid line). It should also be noted that the charts are for the marginal case and a certain margin (extra MPR) would be needed for the practical cases. With the results for required MPRs to conform with ACLR criteria, Table 3 summarizes required power reduction to satisfy the SEM (also plotted in Figure 4).
[image: image3.emf]QPSK, #RBs=100, P=21.3dBm
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 [image: image4.emf]16QAM, #RBs=100, P=20.8dBm

-50

-40

-30

-20

-10

0

10

1950 1955 1960 1965 1970 1975 1980 1985

frequency [MHz]

PSD [dBm/100kHz]

RF Spectrum

SEM[1] w/o PHS, FCC


Figure 3 Required Power Reduction (Example for #RBs =100, QPSK and 16QAM case)
Table 3 Required Power Reduction to meet ACLR or SEM requirement
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Figure 4 Required Power Reduction
4 Proposed Power Reduction Table
Since most of the required power reductions to meet the SEM case are caused by the “corner” of the SEM crossing UL spectrum, and reducing tx power in order to conform such corners would not be useful as stated in the previous section, it would be worthwhile to consider modification of the SEM instead of introducing extra power reduction. The modification should be done so as to make the SEM better fits the actual spectrum shapes of the UL and enables sanity check of the transmitter properly. (A proposal for modificaiton was find already given in [1] as LTE2 mask for example.) Taking into account such a possible modification of the SEM, considering the MPRs for ACLR criteria would be enough to carry out resultant power reduction.
Table 4 proposed an example of required power reduction which is derived from MPRs for ACLR criteria columns in Table 3. The power reduction values are taken from the maximum value in each range of the said columns with possible margins to be determined separately. Due to time constraint, required power reduction estimation for the cases of RBs less than 7 with 16QAM, and optimized value of Z in the table were not carried out throughout this work and for further study.

Table 4 Required power reduction (Power reduction values depend on RB allocation and modulation scheme)

	ID of “Additional MPR”
	UE transmit channel configuration
	MPR

(dB)
	Remarks

	
	Number of RBs (x)
	Modulation
	
	

	#0 (for ACLR)

[For Band 1, ,,,]*
	[6] ≤ x ≤ [8+Z]
	QPSK
	[1+α]
	

	
	[8+Z] < x
	QPSK
	[1.7+α]
	

	
	X ≤ [7]
	16 QAM
	[ t.b.d.]
	

	
	[8] ≤ x
	16 QAM
	[1.9+α]
	

	…
	…
	…
	…
	

	
	…
	…
	…
	


*Power reduction for other E-UTRA band where FCC mask shall be applied would need further consideration.
5 Conclusions

The contribution provides an estimation of required power reductions to conform with an SEM and ACLR criteria using a typical power amplifier for E-UTRA. Based on the estimated required power reduction, it is proposed to consider modification of the SEM so as to make sanity checks of UL transmitter properly. Also, updating the required power reduction table for ACLR criteria is proposed. To get final requirements, further investigation would be needed with consideration on proper margins for the poower reductions.
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