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1 Introduction

Way forwards on EVM requirement and MPR simulation assumptions for UL 256QAM were agreed at RAN4 #80 meeting [1][2]. Based on the assumptions and work plan in the way forwards, we evaluate the in-band emission requirement for UL 256QAM in this contribution. 
2 Discussion
The in-band emission requirement was adopted to evaluate the MPR for UL 256QAM in the contribution [3]. From the simulation results we can see that the in-band emission by considering 256QAM EVM is too stringent to be met even through MPR is very large. In general, we think that this may because the requirement was defined in release 8 with less consideration for high order modulation and more stringent EVM requirement. In order to make the requirement adapt for UL 256QAM, we provide the analysis for in-band emission formula in detail. 
In 3GPP TS 36.101, the in-band emission is defined as the average across 12-subcarrier and as a function of the RB offset from the edge of the allocated UL transmission bandwidth. The in-band emission is measured as the ratio of the UE output power in a non–allocated RB to the UE output power in an allocated RB. And the general minimum requirements for in-band emissions are expressed as
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Where, there are three parts, i.e. 
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. We discuss each as follows. 
· 
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is the absolution emission requirement. 
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: here the level -25 dB is derived from some UL system simulation with some sort of UL power control and reflect the system performance.
· 
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: the starting point of 
[image: image8.wmf]3

log

20

10

-

×

EVM

 represent the SNR requirement derived by EVM.  The slope of 5 as a function of the RF offset and can be acquired with the assumption that in a 20 MHz BW LTE system, with 100 UE’s transmitting simultaneously each with a single RB allocation, and each received at the same power at the eNB, the sum total of other UE in-band emission would be ~20+(-25 dB)= -5 dB. In other words, 
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 represents the equivalent AWGN noise in allocated RB and 
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represents the emission at non-allocated RB produced by the noise at allocated RB, which is a summation including the emission produced by other UE’s. According to the analysis above, we can see that this requirement is defined based on baseband signal without considering the nonlinearity of RF component which will induce the additional emission. 
To better see specific requirement data, we give an example according to the formula  
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 with different EVM values. Where, the LCRB = 1 
	Emission by the formula of EVM [dB]

	Delta RB
	EVM = 0.035
	EVM = 0.08
	EVM = 0.125

	1
	-32.1186
	-24.9382
	-21.0618

	2
	-37.1186
	-29.9382
	-26.0618

	3
	-42.1186
	-34.9382
	-31.0618

	4
	-47.1186
	-39.9382
	-36.0618

	5
	-52.1186
	-44.9382
	-41.0618

	6
	-57.1186
	-49.9382
	-46.0618

	7
	-62.1186
	-54.9382
	-51.0618

	8
	-67.1186
	-59.9382
	-56.0618

	9
	-72.1186
	-64.9382
	-61.0618

	10
	-77.1186
	-69.9382
	-66.0618


From this table we can see that when EVM is 0.035 which is 256QAM requirement, the in-band emission for first non-allocate RB is -32 dB. This requirement is a little tight, because the ACLR is just 30dB for UE. As we know, the near end such as first non-allocated RB would be less than 30dB. 
Observation 1: the legacy in-band emission is not suitable for UL 256QAM

The main motivation to define in-band emission is that the orthogonality between LTE UEs with the same numerology cannot be maintained in reality due to various RF imperfections in the transmitter and the possible time misalignment perceived at the BS. It is not justified that allocated RB with higher order modulation will produce less emission. From this point of view, the in-band emission requirement shall be a common requirement without changing with EVM or modulation order and has no impaction to the MPR.
Observation 2: In-band emission shall have no impaction to MPR
3 Conclusion

This contribution provides analysis on in-band emission for UL 256QAM. Based on the analysis we have two observations
Observation 1: the legacy in-band emission is not suitable for UL 256QAM
Observation 2: In-band emission shall have no impaction to MPR
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