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1. Introduction

RF requirements to support LTE operation at 1500 MHz in bands 11 and 21 were presented in [1] and are captured in [2].  Among these is a coexistence requirement of -35dBm/MHz for transmissions from band 21 into the frequency range from 1475.9 to 1510.9 MHz to protect the downlink of band 11 when NS_09 is signalled by the network.  Furthermore, in this situation, A-MPR is proposed to be granted to the UE, although the value for A-MPR is not yet determined.  In this contribution, we present results of a study to investigate the amount of A-MPR needed to meet the coexistence requirement.
2. Discussion

Band 21 uplink is defined to extend from 1447.9 MHz to 1462.9 MHz and its downlink is defined to extend from 1495.9 MHz to 1510.9 MHz.  Thus, there is a 33 MHz duplex gap between uplink and downlink.  However, the downlink of band 11 to be protected falls within this gap starting at 1475.9 MHz.  The separation between the edge of band 21’s uplink and the edge of band 11’s downlink is 13 MHz.  In recognition of the challenge in meeting such a demanding frequency plan while maintaining good power efficiencies using current PA and filter technologies, the coexistence requirement has been set to -35 dBm/MHz and a TBD A-MPR has been proposed.  To identify how much A-MPR should be allowed, we consider two aspects.  We consider the emissions from the Band 21 PA into the protected band for various values of A-MPR, and we consider the amount of rejection offered by the filter under extreme conditions.
PA Emissions

The emissions from the Band 21 PA into the edge of the protected band (Band 11) has been studied.  The following figure shows the required A-MPR to meet the emissions limit of -35 dBm/MHz for 7 different PA models simulated.  For these results, a fully-loaded 15 MHz LTE waveform was simulated with QPSK modulation.  Duplexer attenuation has not been included in this simulation.  It can be seen in the figure that in order to meet -35 dBm/MHz emissions, an A-MPR of 3 dB is required when there is no filter rejection available.  
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Figure 1.  PA emissions from B21 into B11 for fully loaded 15 MHz QPSK waveform.
A-MPR vs. Filter Rejection
In the previous section, we showed that in the absence of any filter rejection, 3 dB of A-MPR is needed to comply with the coexistence emissions requirement.  However, if filter rejection is available, the amount of A-MPR required can be reduced.  Simulations whose results are shown below indicate that if at least 6 dB of rejection is available from the filter, A-MPR is not required at all.  If at least 3.5 dB of rejection is available, then 1 dB of A-MPR is required.
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Figure 2.  Required filter rejection for a given A-MPR to meet -35 dBm/MHz.
However, since these results do not include margin for component variation or for extreme conditions, an additional 1 dB of A-MPR should be added to these results to generate a meaningful specification.  Thus, we have the following conditions for the amount of filter rejection required as a function of A-MPR allowed.
Table 1.  Filter rejection required to meet coexistence with fixed A-MPR.

	Allowed A-MPR
	Filter rejection required @1475.9 MHz

	0 dB
	9 dB (extrapolated value)

	1 dB
	6 dB

	2 dB
	3.5 dB

	3 dB
	0 dB


Attainable Filter Rejection
The last question remaining is: “how much filter rejection is attainable?”  One way to illustrate the difficulty in providing filter rejection at the edge of the protected band is to consider the relative gap over which the filter must transition.  As a means of comparison and to provide insight into what is achievable, the following table shows the relative gap defined to be the separation normalized by the average frequency of the transition region.
	Description
	Band Edge (MHz)
	Protection Frequency (MHz)
	Transition (MHz)
	Transition (%)
	Attenuation (dB)

	Band 7 to ISM
	2500
	2483.5
	16.5
	0.66
	10

	Band 21 to Band 11
	1462.9
	1475.9
	13
	0.88
	TBD

	Band 2 to Band 2
	1910
	1930
	20
	1.04
	40

	Proposed Region3 700 MHz
	748
	756
	8
	1.06
	20

	Band 8 to Band 8
	915
	925
	10
	1.09
	35 to 40

	Band 13 to Band 14
	777
	768
	9
	1.17
	30

	Band 5 (19) to Band 18
	849
	860
	11
	1.29
	10


By this metric, given the narrow relative gap from Band 21 to Band 11, the filter design task is certainly challenging.  But, as shown in the table, there are existing filter designs with similar requirements.  Thus, from this perspective, it seems reasonable to expect that some attenuation should be achievable from the Band 21 filter.

Encouraged by this finding, we simulated a filter design with the following conservative parameters.
	Uplink (Tx)
	1447.9 – 1462.9 MHz

	Downlink (Rx)
	1495.9 – 1510.9 MHz

	Tx insertion loss
	2.5 dB

	Rx band attenuation
	50 dB

	Worst case variation (temperature and process)
	± 5 MHz

	Filter order, N
	4

	Q
	800, 1000


The filter response is shown below in Figure 1 and Figure 2.
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Figure 3.  Band 21 filter simulation, N=4, Q=800.
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Figure 4.  Band 21 filter simulation, N=4, Q=1000.
For a worst case variation of ±5 MHz and a low Q of 800, we predict that approximately 5 dB of rejection is achievable at the edge of the protected band.  For the same variation but a higher Q value of 1000, we predict that 11 dB of rejection is achievable.

Of course, these are simply one set of simulation results and should only be used as a guideline.  Further results should be obtained by surveying a number of filter vendors before the actual requirement can be set.
3. Conclusion

In this contribution, we have evaluated the required A-MPR to meet the -35 dBm/MHz coexistence requirement from Band 21 into Band 11.  Looking at the level of PA emissions, the amount of filter rejection which would be required for a given A-MPR, and the amount of filter rejection achievable, one can determine the A-MPR required.  Our preliminary analysis indicates that an A-MPR of 1 dB may be needed to meet the coexistence requirement with certain assumptions about the capability of the filter.  A finalized value can not be determined until more feedback is available from the filter vendors.
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