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1. Introduction

RAN4 has agreed a way forward [1] for interband CA band combinations with single UL that belong to Class A1 and A3. This contribution proposed a way forward how to handle band combinations having single UL that belong to Class A2 (Low-high band combination with harmonic relation between bands).
2. Discussion

2.1 Background
Currently there are two interband band operator band combinations that belong into the Class A2 and these are listed in Table 1. 
Table 1 Band combinations for Class A2

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_4-12
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	

	CA_4-17
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	17
	704 MHz
	–
	716 MHz
	734 MHz
	–
	746 MHz
	


The reason why the Class A2 was created is that for some band combinations the UL which is operated in the lower frequency band creates a harmonic signal to DL frequencies which are operated in the higher frequency band. As an example we have calculated the the frequency relationships of bands 17 and 4, see Figure 1.
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Figure 1 Harmonic relation between bands 17 and 4.

However Class A2 band combinations do not have automatically problems with self interference caused by the harmonic relation; instead several conditions must happen simultaneously

1. UL is configured to the Low band

2. Low band UL transmission BW and frequency must be such that 3rd harmonic hits the High band DL frequencys which UE is receiving

3. Low band UL transmission and High band DL reception with problematic frequency relation must happen in the same sub-frame

4. Low band UL transmission power is high and High band reception power must be low.

  Hence there is a certain probability when there is interference for Class A2 band combinations.
2.2 How big is the problem?

To be able to estimate how much the low band UL interfere the high band DL we need to decide what kind of reference architecture is being studied. In Figure 2 we present what we think can be considered as a viable arechitecture for this study. Reference architecture in Figure 2 is of cource a simplified version of real UE as it focuses to the issues important to this study and omits for example other bands that real UE would have as those do not impact to study this reference architecture is intended to be used.
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Figure 2 Reference architecture for interband CA UE
As can be seen from reference architecture there are several components that affect to the level that Low band interferes the High band reception
1. Low band PA creates the 3rd harmonic signal

2. Low band duplex-filter attenuates the 3rd harmonic

3. Low-High diplexer attenuates the 3rd harmonic

4. Anttena isolation between main tranciever and diversity receiver further attenuates the 3rd harmonic

Next we will take a look how much the harmonic signal level is at PA output and how much we can expect that other components are able to attenuate it.

2.2.1 Harmonic signal level at PA output

We examined three different LTE low band PA data sheets and those stated that 3rd harmonic suppression at maximum Pout was in the range of – 42 .. – 50 dBc. If PA output power is assumed to be + 27.5 dBm then the harmonic signal power would be -14.5 .. -22.5 dBm at PA output. Harmonic power would be further attenuated by succeeding components.
2.2.2 Duplex-filter attenuation

Duplex-filter are designed to provide very good attenuation/isolation between own uplink and downlink frequency bands. In RAN4 normal simulation assumption is that minimum 45 dB of isolation is guaranteed between UL and DL. In typical envinromental conditions and without mass production tolerances the Tx band attenuation for Rx frequencies can be as high 50 dB but as can be seen from Figure 3 taken from [2] the Tx to antenna port attenuation is decreasing when examining frequencies further away from the ownTx band. Examination of various duplex-filter data sheets showed that guaranteed attenuation for 3rd harmonic for band 12/17 duplex-filter was between 27 … 38 dB.
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Figure 3 Band 17 duplex-filter Tx to Ant attenuation
PA data sheets indicated that 3rd harmonic power level is in the order of -14.5 .. -22.5 dBm when this is further attenuated by duplex-filter attenuation 27 … 38 dB the harmonic power at duplex filter output is in the range of -41.5 dBm … -60.5 dBm.

2.2.3 Diplexer attenuation

Diplexer is used to divide/combine low and high band trancievers into single antenna port see Figure 2. Two important diplexer parametrs that affect to this study are the isolation between low band high band ports and insertion losses for both low band and high band ports. Table 2 lists these parameters for one component implementation as indicated by the diplexer vendor.
Table 2 Diplexer insertion loss and isolation data

	LB
	HB
	IL_LB
	ISO_LB
	IL_HB
	ISO_HB

	B17

(704-746)
	B4

(1710-2155)
	(0.27 dB)

0.32 dB
	(13 dB)

13 dB
	(0.45 dB)

0.55 dB
	(16 dB)

16 dB


In previous chapter we calculated that harmonic power is in the order of of -41.5 dBm … -60.5 dBm at diplex low band port. This power is further attenuated by the diplexer low-high isolation 13 dB leading to harmonic power level of -54.5 dBm … -73.5 dBm at diplexer high band port.
Diplexer isolation is one desing parameter which can be changed but this comes with an expence of other paramets namely increased insertion loss. We asked from duplex filter vendor “How much the insertion loss increases if we assume that isolation is improved for example 5 dB or 10 dB? (Under temperature at -15deg.C to +80deg.C)” Answer was that if isolation is icreased +5dB then I.L. will increase 0.8 - 0.9dB and if isolation is increased +10dB then I.L.will increase 1.1 - 1.2dB.

As it seems that requiring more isolation from diplexer between low and high bands leads to significantly higher insertion loss of the component thus we tend to think that is not practical to assume more isolation from diplexer than what those typically guarantee without special measures to further attenuate harmonic signals. There are several reason for this
1. Increased insertion loss is always harmful as it reduces the Tx power and degrades REFSENS but harmonic signals interfere only sometimes, see chapter 2.1 for propability
2. If special diplexer is not required then same component can support also low-high band combinations that belong to Class A1 (Low-high band combination without harmonic relation between bands), this would speed up the creation of UE’s that support A2 band combinations and also increase the volumes
3. If special diplexer is not required then same dTib and dRib can be assumed as was agreed in [1] for Class A1, this would speed up requirement work now and in future
4. Even if diplexer with addiotional 10 dB isolation the harmonic problem would still exists
2.2.4 Desensitization
By examing component data sheets we estimated that harmonic power at high band duplexer input is in the range -54.5 dBm … -73.5 dBm depending on the component selection. We will assume that components giving lowets harmonic is used and calculate how much the high band reception is interfered. 

Assumptions are 

1. Harmonic noise power – 73.5 dBm at high band duplexer input

2. Harmonic power speads evenly to whole reception bandwidth

3. Received channel 5 MHz

4. Receiver noise figure 9 dB (as for band 4).

5. Antenna isolation between main tranciever and diversity receiver 10 dB

Results

1. Main receiver desensitization 22.5 dB

2. Diversity receiver desensitization 12.3 dB

3. Combined desensitization 20 dB
Problems with this simplified calculation are that harmonic PSD is not flat in reality.

2.3 How to handle harmonic relation problem in 36.101?
Next we discuss how to handle the harmonic relation problem in UE specification and list four possible ways to capture the issues in 36.101.

1. MPR method
· Reduce the Tx power so much that there is no desense
· Affects always even when there is no problem i.e. harmonic hitting the received RB’s
· Reduced the UL coverage significanlty
2. MSD method (Maximum sensitivity reduction)
· Allow UE to be desensitized
· Gives limits to interference
3. No test case method
· Un-specified performance
· No additional testing

· No need to agree limits for desensitization
4. Test case but no relaxation to REFSENS requirement
· Will increase insertion loss and cost (Not possible technically in reality)
Simplest way would be to select no test case method i.e. high band reception is not tested when low band UL is active. Pros for this method are that there is no need to create new test cases and no need to study the the impact of desensitization and agree the amount of it to be specified. Cons are that performance is undefined but as ther is not much room to improve components anyway without additional IL to reduce the marmonic power and on the other hand components tend to provide the attenuation “automatically” as harmonics are given always special attention already now the no test case does not mean that performance would be totally neglected. Furtehmore we think that in real deployments the scheduler can be so intelligent that it avoids scheduling such way that desense would occur anyway thus the test case would not test real use case.
If no test case method is not acceptable solution then we would propose MSD based method to be specified as was also proposed in [3].
2.3.1 MSD method

If MSD method is selcected then some test paramets should be discussed and agreed in RAN4 in order to be able to define correct MSD specification.
First we discuss what kind of signal bandwidths should be selected for the MSD test case. For the agreed interband operator band combinations 12 +4 and 17 +4 the interfering singnal is the 3rd harmonic which bandwidth is spread three times compared to the fundamental bandwidth of B12/17 transmission that created it. The REFSENS test signal is always full bandwidth. Hence it might be convenient to define the low band aggressor bandwidth to be 1/3 of the high band victim bandwidth because then the harmonic power would have equal bandwidth to received test signal. This would make the desensitization estimation more convient.
If channel bandwidths are selected as propose above i.e. (aggressor) UL = 1/3 DL (victim) then UL and DL carrier frequencys should be selected such way that UL 3rd harmonic interference overlaps DL correctly see Figure 4. Normally tested carrier frequencys and channel bandwidths are selected by RAN5 but as in this case those parameter influences the MSD hence RAN4 needs to set guidance to core specification. 
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Figure 4 MSD test case example
MSD should be defined only for the case where the aggressor UL transmits with maximum configured output power. 
3. Conclusion

In this contribution we have studied the harmonic problem that band combination 12 or 17 and 4 has. We have also presented several ways how this issue can be addressed in 36.101.
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