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1. Introduction

In [1] several aspects affecting the feasibility of band combinations have been evaluated. In this paper we are adding one view by studying potential internal interference problems in UE.
2. Discussion
Today the de facto standard in UE receiver implementation is direct conversion architecture. The local oscillator generation may vary, but very common approach is to use higher frequency oscillator and divide the mixer LO with an integer number (2 or 4 in most cases). In this case the actual RX oscillator frequency is 2 or 4 times the RX frequency.
TX oscillator can be at the final TX frequency or have some offset. In any case the final TX is at very high level in the power amplifier, so from interference point of view we can limit the scope to the final TX frequency and its harmonic components.
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Figure 1 Basic UE block diagram.
In typical UE there are harmonics of both RX frequencies and the TX frequency that can possibly cause inter modulation products in the non-linear RF components. Mixing can take place in a mixer, but also in power amplifier or some other amplifier. It is difficult to predict the exact mechanism how the interference is created and even more difficult to predict the level of the potential interference. Some estimation can be done by looking the order of mixing products that would land on the baseband of the receiver using the following formula:



(2.1) 

+K fRX1 +N fRX2 +P fTX1 +Q fTX2 = 0
Where K, N, P and Q are integer numbers, fRX1 and fTX1 are receive and transmit frequencies of the first frequency band and fRX2 and fTX2 are the RX and TX frequencies of the second frequency band. When we have uplink only in one band at a time either P or Q is zero. In the tables 1 to 8 the potential interfering mixing products have been calculated for following band combinations: I + VIII, I + III, II + IV and II + V. With most band combinations there are several channel combinations inside the band that yield to similar solution to formula 2.1. To make tables more readable the redundant combinations have been removed. 
Table 1 Mixing products for bands I + VIII (UL in band VIII)

	RX1
	RX2
	TX1
	TX2
	K
	N
	P
	Q

	2112
	931
	0
	886
	-3
	3
	0
	4

	2112
	931
	0
	886
	3
	-3
	0
	-4

	2118
	927
	0
	882
	-3
	4
	0
	3

	2118
	927
	0
	882
	3
	-4
	0
	-3


Table 2 Mixing products for bands I + VIII (UL in band I)

	RX1
	RX2
	TX1
	TX2
	K
	N
	P
	Q

	2110
	960
	1920
	0
	0
	-4
	2
	0

	2110
	960
	1920
	0
	0
	-2
	1
	0

	2110
	960
	1920
	0
	0
	2
	-1
	0

	2110
	960
	1920
	0
	0
	4
	-2
	0

	2135
	925
	1945
	0
	-1
	-4
	3
	0

	2135
	925
	1945
	0
	1
	4
	-3
	0


Table 3 Mixing products for bands I + III (UL in band I)
	RX1
	RX2
	TX1
	TX2
	K
	N
	P
	Q

	2110
	1825
	1920
	0
	-1
	-2
	3
	0

	2110
	1825
	1920
	0
	1
	2
	-3
	0


Table 4 Mixing products for bands I + III (UL in band III)
	RX1
	RX2
	TX1
	TX2
	K
	N
	P
	Q

	2110
	1825
	0
	1730
	-1
	4
	0
	-3

	2110
	1825
	0
	1730
	1
	-4
	0
	3


Table 5 Mixing products for bands V + II (UL in band V)
	RX1
	RX2
	TX1
	TX2
	K
	N
	P
	Q

	869
	1968
	824
	0
	-3
	3
	-4
	0

	869
	1968
	824
	0
	3
	-3
	4
	0


Table 6 Mixing products for bands V + II (UL in band II)
	RX1
	RX2
	TX1
	TX2
	K
	N
	P
	Q

	869
	1978
	0
	1898
	-2
	-2
	0
	3

	869
	1978
	0
	1898
	2
	2
	0
	-3

	885
	1930
	0
	1850
	-4
	-2
	0
	4

	885
	1930
	0
	1850
	-2
	-1
	0
	2

	885
	1930
	0
	1850
	2
	1
	0
	-2

	885
	1930
	0
	1850
	4
	2
	0
	-4


Table 7 Mixing products for bands II + IV (UL in band II)
	RX1
	RX2
	TX1
	TX2
	K
	N
	P
	Q

	1950
	2110
	1870
	0
	-3
	1
	2
	0

	1950
	2110
	1870
	0
	3
	-1
	-2
	0


Table 8 Mixing products for bands I + III (UL in band I)
	RX1
	RX2
	TX1
	TX2
	K
	N
	P
	Q

	1930
	2130
	0
	1730
	-4
	2
	0
	2

	1930
	2130
	0
	1730
	-2
	1
	0
	1

	1930
	2130
	0
	1730
	2
	-1
	0
	-1

	1930
	2130
	0
	1730
	4
	-2
	0
	-2


In most of cases in the tables the interference mechanism would be intermodulation product landing on the baseband frequency. Cases that have only unmodulated oscillator frequencies cause only DC level at baseband and are probably less sever than the ones that have modulated TX signal included. 
In table 2 the first two rows mean potentially different interference mechanism. If LO for the RX2 is two or four times the RX frequency then TX1 or second harmonic of TX1 would be at the same frequency. TX1 coupling to RX2 oscillator would cause injection locking of the oscillator and modulated TX signal would disturb the LO. Some further analysis for the different case in the tables is still needed. 
This analysis only takes into account situations where there are no external blocking signals. In the presence of external blocking signals the dual band case is more complex and needs further study. One possible consequence is that more exceptions are needed to out-of-band blocking requirement.
3. Conclusion
In addition to UL and DL harmonic interference to other UL and DL bands the potential UE internal interference problems need to be taken into account when deciding the frequency band combinations. The band combinations studied in this paper do not look extremely difficult from internal interference point of view, but analysis was only initial one. If there turns out to be specific channel combinations causing severe problems one alternative would be to exclude the usage of that particular channel combination.
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