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1 Introduction
In RAN4 #50bis Seoul meeting, some preliminary analysis on selected LTE-A deployment scenarios were introduced [1][2][3]. RAN4 agreed to take 4 potential LTE-A deployment scenarios out of high priority 12 LTE-A deployment scenarios, which is depicted in Table 1[4]. Each scenario represents basic combination of possible band and multiplexing.  In this contribution, we only focus UL UE’s transmission in order to simplify the discussion. DL BS transmission case will be dealt in other contribution [5]. 
Table 1: RAN 4 ITU deployment scenario for investigation
	Scenario No.
	Deployment scenario
	Transmission BW
	Number of component carriers
	Bands for LTE-A carriers
	Duplex modes

	1
	Single band contiguous carrier aggregation @ 3.5GHz band
	UL: 40MHz

DL: 80MHz
	UL: 2X20MHz CCs

DL: 4X20MHz CCs
	3.5GHz band
	FDD

	2
	Single band contiguous carrier aggregation @ Band 40
	100MHz
	5X20MHz CCs
	Band 40 (2.3GHz)
	TDD

	7
	Multi band non-contiguous carrier aggregation @ Band 1, 3, and 7
	UL: 40MHz

DL: 40MHz
	10MHz CC @ Band 1

10MHz CC @ Band 3

20MHz CC @ Band 7
	Band 3 (2.3GHz)

Band 1 (2.1GHz)

Band 7 (2.6GHz)
	FDD

	10
	Multi band non-contiguous carrier aggregation @ Band 34, 39, and 40
	90MHz
	2X20MHz CCs

10MHz CC

2X20MHz CCs
	Band 39 (1.8GHz)

Band 34 (2.1GHz)

Band 40 (2.3GHz)
	TDD


The harmonics and inter-modulation of UE transmission can be interference to other UEs which is located close to interfering UE. This is specified in TS36.101 as UE co-existence requirement. In the UE co-existence requirement, all possible victim bands are described with maximum allowable interference level from the source of interfering UE. In this contribution, we will list up possible victim band for UE co-existence requirement and those list could be additional requirement as LTE-A carrier aggregation result if they are not mentioned in LTE spec. Detailed power evaluation and rejection possibilities with duplex filter is FFS and welcomed to other companies to evaluate.
2 Scenario#1 Analysis

Most inter-modulations are very close to harmonics and the harmonics are far from the 3GPP defined band since base frequency is 3.5GHz and multi-carrier is located contiguously.
3 Scenario# 2 Analysis
Scenario#2 has same characteristic and TDD feature. Single band contiguous case has similar characteristics with Scenario#1.
4 Scenario#7 Analysis
Scenario #7 has Multi band non-contiguous allocation @ Bands 1, 3 and 7 for FDD (UL:40MHz, DL:40 MHz). From [7], it is agreed that possible UE tx structure and scenario #7 can use option D for multi band non-contiguous carrier aggregation. Worst case that makes inter-modulation of multi band signals is when the leakage from the output of one PA is inserted to the input of the other PA as Figure 1. Since typical gain of PA is 30dB for maximum power, the signal level of leakage from the PA’s output can be same as its own input with 30dB leakage. UE tx has harmonics and inter-modulation from three bands. Table 2 describes potential interference which can impact other bands DL or its DL which called UE co-existence. Each harmonics or inter-modulation is described with order of IM/harmonic, order description, frequency range, potential victim’s band and frequency range. For example, inter-modulation of Band7 and Band3 (Band7-Band3) is 3rd order inter-modulation and has range of 715MHz-860MHz. From this inter-modulation, Band 12, 13, 14, 17 may have impact on UE receiver performance due to UE co-existence problem.
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Figure 1: Worst case leakage scenario for multiple Tx RF chain case.

Table 2 : Scenario #7 UL harmonics and inter-modulation
	Order of IM/Harm.
	Order description
	Freq_low
	Freq_high
	Victim's DL band

	3
	Band7 - Band3 
	0.715
	0.86
	12,13,14,17

	
	2*Band3 - Band1 
	1.44
	1.65
	11

	
	2*Band1 - Band3 
	2.055
	2.25
	1,4,10

	
	Band3 - Band1 + Band7 
	2.23
	2.435
	40

	
	Band1 - Band3 + Band7 
	2.635
	2.84
	7

	4
	Band1 - 2*Band3 + Band7 
	0.85
	1.13
	5,6,8

	
	3*Band3 - Band7 
	2.56
	2.855
	7,38

	5
	2*Band1 + Band3 - 2*Band7 
	0.41
	0.745
	11,14

	
	3*Band3 - Band1 - Band7 
	0.58
	0.935
	5,6,8,12,13,14,17

	
	3*Band1 - 2*Band7 
	0.62
	0.94
	5,6,8,12,13,14,17

	
	3*Band3 - 2*Band1 
	1.17
	1.515
	11

	
	3*Band1 - Band3 - Band7 
	1.405
	1.73
	11

	
	2*Band3 - 2*Band1 + Band7 
	1.96
	2.3
	1,2,4,10,34,36,40

	
	3*Band1 - 2*Band3 
	2.19
	2.52
	40


5 Scenario#10 Analysis

Scenario #10 has Multi band non-contiguous allocation Bands 34, 39 and 40 for TDD (90 MHz). UL UE transmission has harmonics and inter-modulation from three bands. Table 3 describes potential interference which can impact other bands DL or its DL which called UE co-existence. Each harmonics or inter-modulation is described with order of IM/harmonic, order description, frequency range, potential victim’s band and frequency range. For example, one of 3rd inter-modulation” Band39 - Band34 + Band40” has frequency range of 2.155GHz-2.31GHz and may cause interference problem to band 1, 4, 10, 40.
Table 3 : Scenario #10 UL harmonics and inter-modulation
	Order of IM/Harm.
	Order description
	Freq_low
	Freq_high
	Victim's DL band

	3
	2*Band39 - Band40 
	1.36
	1.54
	11

	
	Band39 + Band34 - Band40 
	1.49
	1.645
	11

	
	2*Band39 - Band34 
	1.735
	1.83
	3

	
	2*Band34 - Band39 
	2.1
	2.17
	1,4,10

	
	Band39 - Band34 + Band40 
	2.155
	2.31
	1,4,10,40

	
	Band34 - Band39 + Band40 
	2.39
	2.545
	40

	
	2*Band40 - Band34 
	2.575
	2.79
	7,38

	
	2*Band40 - Band39 
	2.68
	2.92
	7

	4
	2*Band40 - 2*Band34 
	0.55
	0.95
	5,6,8,12,13,14,17

	
	2*Band40 - Band39 - Band34 
	0.655
	0.91
	12,13,14,17

	
	2*Band40 - 2*Band39 
	0.76
	1.04
	5,6,8,14

	5
	3*Band39 - 2*Band40 
	0.84
	1.16
	5,6,8

	
	3*Band34 - Band39 - Band40 
	1.71
	1.895
	35,39,3,9

	
	2*Band39 - 2*Band34 + Band40 
	2.01
	2.22
	1,4,34,10

	
	3*Band34 - 2*Band39 
	2.19
	2.315
	40

	
	Band39 - 2*Band34 + 2*Band40 
	2.43
	2.7
	7,38

	
	2*Band34 - 2*Band39 + Band40 
	2.48
	2.69
	7,38


6 Protection band insertion to UE to UE co-existence requirement

In this section, we listed possible protection band from the study of previous section. In the LTE requirement of UE to UE co-existence, protected band with single band interference was described. In LTE-A system, multiple band carrier aggregation is agreed and possible protection band due to interference of multi band carrier aggregation should be mentioned. Table 4 describes possible requirement which lists protected band for multi band combination of E-UTRA band. This is initial study and detailed analysis is need.
Table 4: Requirements

	E-UTRA   Band
	Spurious emission 

	
	Protected band
	Frequency range               (MHz)
	Level (dBm)
	Bandwidth (MHz)
	Comment

	1,3,7
	E-UTRA Band  1, 3, 7, 8, 9, 11, 33, 34, 38, 40
	FDL_low  
	- 
	FDL_high
	-50
	1
	 

	
	E-UTRA Band  2, 4, 5, 6, 8, 12, 13, 14, 17, 36
	FDL_low  
	- 
	FDL_high
	-50
	1
	Note 6

	34,39,40
	E-UTRA Band  1, 3, 7, 8, 9, 11, 33, 34,38,39, 40
	FDL_low  
	- 
	FDL_high
	-50
	1
	Note 5

	
	E-UTRA Band 4, 5, 6, 8, 10, 12, 13, 14, 17, 35
	860
	-
	895
	-50
	1
	Note 6

	Note
	 

	1
	FDL_low and FDL_high refer to each E-UTRA frequency band specified in Table 5.5-1

	2
	As exceptions, measurements with a level up to the applicable requirements defined in Table 6.6.3.1-2 are permitted for each assigned E-UTRA carrier used in the measurement due to 2nd or 3rd harmonic spurious emissions.  An exception is allowed if there is at least one individual RE within the transmission bandwidth (see Figure 5.6-1) for which the 2nd or 3rd harmonic, i.e. the frequency equal to two or three times the frequency of that RE, is within the measurement bandwidth.

	3
	To meet these requirements some restriction will be needed for either the operating band or protected band

	4
	Requirements are specified in terms of E-UTRA sub-bands

	5
	For non synchronised TDD operation to meet these requirements some restriction will be needed for either the operating band or protected band

	6
	Band protection is need from the intermodulation of carrier aggregation

	
	
	
	

	
	

	
	


7 Conclusion
In this contribution, potential interference from LTE-A carrier aggregation’s harmonics and inter-modulation was preliminary evaluated. This potential interference should be carefully investigated and possible UE co-existence requirement study is needed for new interference from LTE-A carrier aggregation.
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