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1. Introduction
Inter-band CA with 2 UL’s is one of the Rel12 RAN4 topics. There has been a lot of discussion recently on whether the classification (A1-A5) is appropriate or whether the classification should be redone to address IMD properly. This contribution provides some basic IMD2/IMD3 calculations and provides considerations about the classification   
2. Discussion

2.1 General
The classification, in order to be effective, should reflect the properties of different band combinations. The factors behind the current classification are harmonic relation and intermodulation problem. Only own DL as a victim was considered when the classification was done. This means that the intermodulation problem is counted as intermodulation problem only if the bands have certain frequency relation resulting in IMD created by the UL’s hits at least partially on top of own DL. During Rel11 work, it was noticed that the current classification does not cover all potential problems such as IMD2 [1] but no changes to the classification were done at that time. 
One of the potential reasons that could lead to re-classification might be “general” IMD problem. Intermodulation frequencies caused by the UL’s are always known and thus their behavior is pretty well known. The behavior of the intermodulation components is less predictable when Out-of-band blocker (up to -15dBm in 36.101) is one of the IMD factors. 

If it turns out that band combinations currently belonging to A1, A2 or A3 do not meet often used -50dBm/1MHz emission limit then some re-classification should be considered. This contribution provides some basic IMD2/IMD3 calculations.
Frequency relations are the following:
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Where 
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 are frequencies where IMD2 or IMD3 generated by a combination of  frequencies
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 hits. 
Figure 1 shows of one possible antenna/antenna switch architecture and respective power components. In some sense this represents the worst case at least for low-high combinations; with common diplexer and two antenna switches the diplexer attenuates another of the UL’s resulting in less IMD. 
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Figure 1 Example inter-band CA antenna/antenna switch architecture
Ptx1 and Ptx2 depict TX powers of the uplinks 1 and 2, respectively. Pimd2 and Pimd3 depict 2nd and 3rd intermodulation product at the antenna connector. Pjammer depicts OOB blocker at the antenna connector.
Normally the switch linearity is specified with the following set-up:

Pjammer=-15dBm at the antenna connector

Ptx=20dBm at the switch input

2UL case is different since there are two UL signals on different frequencies which enter the antenna switch. The -15dBm jammer is still at the output:

Pjammer=-15dBm at the antenna connector

Ptx1=20dBm at the switch input

Ptx2=20dBm at the switch input

In this analysis the antenna switch linearity (
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) is assumed to be the limiting factor. Looking at the IMD formulas above, 
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 refer to Ptx1, Ptx2 and Pjammer. 

Formulas for IMD2 and IMD3 are presented below
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Where:
-
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is 2nd order intermodulation power (in dBm)
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is 3rd order intermodulation power (in dBm)
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is power from Ptx1,
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is power from Ptx2 
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is power from Pjammer. 

- a,b,c are integer coefficients 
-
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is antenna switch second order input intercept point (measure of linearity)
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is antenna switch third order input intercept point (measure of linearity)

2.2 Assumptions for calculations
In order to do some calculations, basic assumption of equal TX powers (Ptx1=Ptx2) is made. Furthermore we assume TX power per UE to be 23dBm. 
We looked at linearity performance of different available antenna switches.  The numbers we used in analysis represent nominal specification of a high-performance antenna switch. 
-
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- Receiver NF = 9dB

2.3 Calculations
CASE1:

In this case the factors are both UL TX powers (Ptx1, Ptx2). In these cases the IMD2/IMD3 frequencies are well defined. 

Inserting assumptions to equations (1) and (2) we get:
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=20dBm + 20dBm - 125dBm = -85dBm
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=2*20dBm + 20dBm - 2*70dBm = -80dBm

CASE2:

Case where another of the factors is Pjammer is different. Since Pjammer (=-15dBm) can be virtually at any frequency, the IMD2/IMD3 frequency can be virtually at any frequency, respectively.

Inserting assumptions to equations (1) and (2) we get:
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=20dBm - 15dBm - 125dBm = -120dBm
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=20dBm + 20dBm - 15dBm - 2*70dBm = -115dBm

We assumed that both bands in CA combination have the same BW. IMD is not flat. We assume ~2dB correction factor to address worst case. With 5 MHz CC BW, the 
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levels shown above are as follows.

Case 1 where IMD position is defined by the UL frequencies:

-
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: -85dBm => -93dBm/1MHz or -86dBm for 5MHz CC

-
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: -80dBm => -90dBm/1MHz or -83dBm for 5MHz CC

Case 2 where IMD position is defined by the UL/UL’s and Pjammer that can be virtually anywhere:

-
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: -120dBm => -118dBm for 5MHz CC 
-
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: -115dBm => -123dBm/1MHz or -116dBm for 5MHz CC

2.4 Analysis
The effect of IMD depends on where it hits. Figure 2 below shows an example where IMD

a) Hits not on top of own DL

b) Hits partially on top of own DL

c) Hits on top of own DL
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Figure 2 Intermodulation caused by 2 concurrent UL's

2.4.1 IMD hitting not on top of own downlink
Looking at calculations in both case1 and case2 we can see that neither 
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violate generic 3GPP emission mask (-30dBm/1MHz or -36dBm/1MHz). In addition both are clearly below often used -50dBm/1MHz UE to UE co-existence limit. 
Conclusion 1: Intermodulation is not a problem when the IMD does not hit on top of own downlink.

2.4.2 IMD hitting at least partially on top of own downlink
Reference sensitivity is for most bands with (for instance) 5MHz carrier BW is between -97 and -100dBm. Below we show an example calculation of the effect of IMD2 and IMD3. Here we assume the noise level at the antenna to be equal to REFSENS value.
Intermodulation powers are the following:
Case1
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Comparing above values with different 5MHz CC REFSENS values it is obvious that intermodulation is a problem, if the intermodulation component hits on top of own DL.
Case2


[image: image40.wmf]2

IMD

P

=-118dBm


[image: image41.wmf]3

IMD

P

=-116dBm

Comparing above values with different 5MHz CC REFSENS values it is obvious that intermodulation is not a problem, if the intermodulation component hits on top of own DL.
The IMD should be ~10dB below the reference level in order to exceed 0.5dB desense for main receiver branch. Please note that the IMD calculations were done with a fairly linear switch (IIP2=125dBm, IIP3=70dBm). Using the case 2 IMD numbers it is possible to estimate the required switch minimum performance:  
Wanted signal level in OOB test (range 3) @ 5MHz : REFSENS+6dB=-94dBm
Max IMD power level for 5MHz CC: -94-10=-104dBm
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Looking at formula (1) we see that term “IIP2” has coefficient of 1. Thus the minimum switch IIP2 is 125dBm-(-104dBm+118dBm)=111dBm
Looking at formula (2) we see that term “IIP3” has coefficient of 2. Thus the minimum switch IIP3 is 70dBm-(-104dBm+116dBm)/2=64dBm

There is 14dB “margin” for switch IIP2 and 6dB “margin” for switch IIP3. Whilst these look rather nice numbers, the actual margin is less because the numbers used in calculations were the nominal values and in ETC values would naturally be worse. However, this should not be too alarming because same IMD levels are present in single carrier OOB test.
Conclusion 2: Intermodulation is a problem that needs special attention in case IMD hits at least partially on top of own downlink. 
Conclusion 3: Intermodulation caused by UL(‘s) and Pjammer might desense DL a bit in some cases but this should not be problematic because same IMD level is present in single-band LTE UE’s as well.

3. Is re-classification required?
The issue that might trigger re-classification is mostly related to intermodulation. If there would be any sort of intermodulation issue with for instance Low-High band combination, then RAN4 should consider which classification, if any, would be the most effective one from workload perspective.
According to our contribution, intermodulation is a problem only if IMD2 or IMD3 hits on top of own DL. Thus it seems OK to use current classification.
Conclusion 4: Current classification seems to be suitable also for UL CA
A different issue is whether we should change current classification as proposed in [1] to address IMD2 properly. From integrity perspective RAN4 should change the classification because the current one does not address all issues correctly as it should be. In any case, the band combinations with IMD2 issues need specific restrictions. One the other hand, different classification in Rel11 and Rel12 could be a bit confusing. We hope RAN4 can find a way to address also IMD2 issues without causing too much additional workload that could be the end result if “everything” is changed.
Conclusion 5: Current classification does not address IMD2 problem properly. RAN4 should have a discussion on how to handle the situation.
4. Conclusion

A brief analysis on the intermodulation effect in 2UL inter-band CA was presented. Conclusions were the following:
Conclusion 1: Intermodulation is not a problem when the IMD does not hit on top of own downlink.

Conclusion 2: Intermodulation is a problem that needs special attention in case IMD hits at least partially on top of own downlink. 

Conclusion 3: Intermodulation caused by UL(‘s) and Pjammer might desense DL a bit in some cases but this should not be problematic because the same IMD level is present in single-band LTE UE’s as well.

Conclusion 4: Current classification seems to be suitable also for UL CA

Conclusion 5: Current classification does not address IMD2 problem properly. RAN4 should have a discussion on how to handle the situation.
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