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1. Introduction

Class A2 inter-band carrier aggregation consists of those CA configurations where harmonic interference generated by the uplink in the low band coincides with a portion of the downlink of the high band.  The agreed way forward [1] for specifying requirements for class A2 combinations with harmonic relations is by MSD with the CA configuration of Band 4 and Band 17 cited as an example.  The CA configuration of Band 3 + Band 8 also falls into the class A2 and should therefore be specified by MSD, for which the value should be treated in a case-by-case manner.   We note that compared to previous A2 combinations studied, in this case, the interference condition is far less severe and may not even be present at all in most practical deployments.  We therefore propose that the specifications be derived to optimize the condition where the interference is not present or can be circumvented without the need for additional filtering.
2. Discussion

Class A2 carrier aggregation configurations consist of high/low band combinations where a harmonic interference term generated by the transmitter of the low band interferes and desensitizes the receiver in the high band.  In [2], a number of options were presented on how to specify the requirements for class A2 configurations

1. MPR,


2. MSD,


3. No test case method, and


4. Test case, but not relaxation to REFSENS requirement

using the CA configurations of Band 4 + Band 12 and Band 4 + Band 17 as examples.  The method of MSD was agreed as the way forward in [1].  Furthermore, the MSD specification can be defined with the assumption of aggressive filtering and component selection to minimize the interference seen at the receiver when interference is present, for example in [3].  In this case, the MSD may be on the order of 7.5 to 10 dB with additional insertion loss of 0.5 dB adding to the diplexer insertion loss which is already present [4].  Or, the MSD specification can be defined with the assumption of minimizing the insertion loss and optimizing the performance when the interference is not present, for example in [2], where the MSD can be very large, and the only additional insertion loss comes from the diplexer.  The particular values for MSD are to be decided on a case-by-case basis for each class A2 combination.

2.1. Method of MSD

For the Band 3 + Band 8 configuration, we consider the tradeoffs in defining the MSD.  For context, we first revisit the other A2 configurations which have been studied more extensively.
The Band 4 + Band 17 and Band 4 + Band 12 configurations are shown below
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Figure 1.  3rd harmonic overlap for Band 4 + Band 17 and Band 4 + Band 12.
It can be seen that for these band combinations, the possible 3rd harmonic overlap from the uplink of the 700 MHz band into Band 4 is 80% or greater.  Thus, the likelihood that a transmission in the 700 MHz band will generate an interference term that falls inband and desensitizes the Band 4 receiver is relatively high and it becomes more challenging to avoid the interference.  Therefore, defining the requirements in terms of minimum MSD in Band 4 at the expense of greater complexity and insertion loss in the 700 MHz band is justifiable.
On the other hand, the Band 3 + Band 8 configuration is less severe in terms of spectral overlap.  In this case, it is the 2nd harmonic from a transmission in the low band that potentially interferes with reception in the high band.  As can be seen in the figure, the possible overlap in this case is 33%.  Therefore, the probability of collision between uplink in the low band and downlink in the high band is smaller and there exists a much greater possibility to circumvent such collision by network scheduling, subject to the specific spectrum holdings available to the operator and on network loading conditions in the cell.
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Figure 2.  2nd harmonic overlap for Band 3 + Band 8.
Due to the smaller overlap and the larger overall bandwidth available in Band 3 and Band 8, it is also much more likely that operators may control spectrum that is completely outside the overlap and is therefore unaffected by the harmonic interference.  For example, an operator which controls spectrum in the lower 64% of Band 8 and/or the upper 67% of Band 3 would not experience any harmonic interference at all.  Loosely speaking, there is only a 12% probability that an operator controls spectrum that would be impacted by harmonic interference and even in those cases, it may still be possible for the network scheduler to allocation uplink and downlink RB's to avoid collisions.
For illustration, the following table lists example spectrum holdings of network operators in Band 3 and Band 8.  In the majority of cases, there is no overlap and therefore no harmonic issue.  Where there is potential overlap, the particular spectrum allocation is highlighted but even for these cases, the overlap is only over a fraction of the spectrum so avoidance may still be possible by careful spectrum planning and utilization, noting that in most cases the operator controls multiple frequency holdings within the band where the other frequency holdings do not overlap.
Table 1.  Example operator spectrum holdings in Band 3 and Band 8.
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FRANCE 3 1853.3 1879.9

FRANCE 8 925.1 934.9 1760.2 1779.8

FRANCE 3 1808.1 1831.9

FRANCE 8 934.9 944.9 1779.8 1799.8

FRANCE 3 1805 1808.1

FRANCE 3 1832.1 1853.1

FRANCE 8 949.9 959.9 1809.8 1829.8

GERMANY 3 1853.1 1875.5

GERMANY 3 1825.1 1830.1

GERMANY 8 925.1 930.1 1760.2 1770.2

GERMANY 3 1830.1 1847.5

GERMANY 8 930.1 935.1 1770.2 1780.2

GERMANY 3 1820.1 1825.1

GERMANY 3 1805 1820

GERMANY 8 937.5 944.9 1785 1799.8

GERMANY 8 951.1 955.5 1812.2 1821

GERMANY 8 959.3 959.9 1828.6 1829.8

GERMANY 3 1847.7 1853.1

GERMANY 8 935.1 937.5 1780.2 1785

GERMANY 8 944.9 951.1 1799.8 1812.2

GERMANY 8 955.5 959.3 1821 1828.6

ITALY 3 1825 1845

ITALY 8 930.2 940 1770.4 1790

ITALY 3 1865 1880

ITALY 3 1845 1850

ITALY 8 940.2 950 1790.4 1810

ITALY 3 1850 1865

ITALY 8 950.2 960 1810.4 1830

SPAIN 3 1859.5 1879.5

SPAIN 8 925.1 931.1 1760.2 1772.2

SPAIN 3 1805.1 1824.9

SPAIN 8 931.1 943.1 1772.2 1796.2

SPAIN 8 943.7 947.7 1797.4 1805.4

SPAIN 3 1834.9 1854.7

SPAIN 8 947.9 959.9 1805.8 1829.8

SWEDEN 3 1840 1875

SWEDEN 8 935 950 1780 1810

SWEDEN 3 1805 1840

SWEDEN 8 950 960 1810 1830

UK 3 1805.1 1810.9

UK 8 930.1 935.1 1770.2 1780.2

UK 8 939.7 947.1 1789.4 1804.2

UK 8 954.9 959.9 1819.8 1829.8

UK 3 1810.9 1816.7

UK 8 925.1 930.1 1760.2 1770.2

UK 8 935.1 939.7 1780.2 1789.4

UK 8 947.1 954.9 1804.2 1819.8

KOREA 3 1840 1850

KOREA 8 950 960 1810 1830

AUSTRALIA 3 1805 1825

AUSTRALIA 8 938.2 943.2 1786.4 1796.4


Given that the potential overlap is much smaller for the Band 3 and Band 8 configuration, it does not seem justified to impose a stringent MSD requirement in the specifications which would require additional filtering and specialized RF components in the UE front-end, thereby increasing cost and complexity, as well as degrading performance with additional insertion loss.  In the majority of cases, the interference problem does not exist by virtue of non-overlapping spectrum, or is avoidable by networks scheduling.    
Observation 1:  For the Band 3 + Band 8 combination, there is significant opportunity to avoid the harmonic interference from the transmitter into the receiver.

2.2. Second harmonic analysis

To compute the MSD for the Band 3 + Band 8 combination when the interference overlaps, we consider the amount of harmonic interference received at the Band 8 LNA.  The second harmonic component at the output of the PA can be estimated to be approximately -7.5 dBm given that the output power level of the Band 8 PA is 27.5 dBm and its second harmonic suppression is -35 dB.  Note that this is considerably higher than what we expect for the 3rd harmonic suppression of approximately -50 dB at the output of the Band 17 PA, for example.  Because the 2nd harmonic output at the Band 3 PA is so large, it dominates the other 2nd harmonic regeneration terms in the Tx and Rx paths from the switches, diplexer, and duplexers.  Therefore, we estimate that the 2nd harmonic interference arriving at the input to the Band 3 LNA is approximately -87.5 dBm assuming 80 dB PCB isolation.  Note that this is 10dB higher than the estimated 3rd harmonic interference at the input to the Band 4 LNA in [4].  
Observation 2:  The level of desense can be 17 dB in the case of 2nd harmonic interference.

2.3. Recommendation and proposal
Given the two observations noted above, it seems of limited practical value to define a specification with 17 dB of desense for a special case that is largely avoidable.  The number of test cases is already very large for LTE and LTE-A and the harmonic test would require a complex test environment of RB allocation and center frequency location (i.e., cannot simply test at low, mid, and high channel so cannot reuse existing test configuration) between the two carriers to properly carry out. It is therefore our recommendation not to define the test case for MSD in the Band 3 and Band 8 combination.
3. Conclusion
In this contribution, we have reviewed the Band 3 + Band 8 inter-band CA configuration and the impact of 2nd harmonic interference when transmitting on Band 8.  The potential for interference is far less for this CA configuration compared to the other A2 configurations previously studied.  Therefore, for this CA configuration, it is much more likely that the interference does not exist at all for the particular spectrum holdings of the operator, or is avoidable by spectrum management or by network scheduling.  When it is present, 2nd harmonic interference severely degrades the link budget to a point that the connection may not be able to be maintained.  Therefore, we see limited practical value in defining the MSD specification and creating a new test configuration for the Band 3 + Band 8 combination and propose that no test case be defined.  

We propose that reference sensitivity, when the uplink is placed on Band 8, is only tested for channels where there is no overlap between the 2nd harmonic of the uplink and any portion of the downlink.  An MSD requirement and test case is not created for this band combination.
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