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Discussion
1. Introduction
A number of contributions have been presented suggesting poorer reference sensitivity and MSD in band 20 compared to band 8 due to inferior duplexer performance. Following discussions with duplexer manufacturers, this document will propose that it should be possible to achieve the same performance in band 20 as in band 8. 
2. Duplexer Manufacturers discussion synthesis 
At first sight the performance of duplexers for band 8 and band 20 should be very similar due to their comparable passband/stopband/duplex spacing/duplex gap ratios. Indeed based on the usual criteria for rating duplexer design difficulty band 20 should be an easier than band 8, although both are seen as challenging. However the “normal” duplex arrangement, with the transmit band being lower than the receive band frequency, has been the dominant one in recent years and has lead to optimization of materials and techniques for supporting this arrangement. This optimization has been driven by the need for different characteristics in the Tx & Rx filters ie high power with steep rolloff on the upper frequency edge for the Tx filter with a low power steep rolloff on the low frequency edge for the Rx filter. 

We discuss briefly below a couple of examples of how this reverse duplex arrangement affects current duplexer technologies, particularly SAW technologies.

2.1.
SAW filter designs

2.1.1.
Rx filter

The Rx filter technology has an intrinsically steeper rejection on the low side of the filter passband compared to the high side.  Consequently if the same technology is used for band 20 with reverse duplex, the filter roll off in the duplex gap (ie now on the high frequency side of the passband) will not be sufficient to provide self protection from the Tx signal without additional resonators and increased insertion loss.

However for normal duplex bands the technology used for the Tx filter intrinsically has the steeper rejection on the high side of the pass band. Therefore in band 20, if this filter technology is used as the Rx filter, the steep rejection will be in the upper side of the passband and will provide sufficient isolation from the Tx. However the technology used for this design may not support an integrated differential output. For those terminal vendors that require differential outputs, this can be achieved by incorporating a separate balun on the output. It should be possible to achieve this without increasing the overall insertion loss by more than 0.1 – 0.2 dB.

Consequently, although both bands are seen as challenging, there should be no significant additional insertion loss for the Rx filter for band 20 compared to band 8, and it should be possible to achieve the same reference sensitivity.

2.1.2.
Tx Filter

If the single ended filter described above is used on the Tx path (for band 20) the rejection on the low side of the passband (i.e. in the duplex gap) will roll off slower than on the high side. This may not provide sufficient rejection of the Tx ACLR. To overcome this lower rejection additional (one or two) resonators would probably be required in the duplexer, which may marginally increase the insertion loss.

With this improved rejection on the low side of the passband it should be possible to obtain the same MSD vs RB utilization at full power for band 20 as for band 8.

2.2.
FBAR filter designs

Following discussions with an FBAR duplexer manufacturer, no design/production issues were anticipated with a band 20 duplexer. The performance should be either equivalent to or even better than a band 8 duplexer.
3. Conclusions
The reverse duplex arrangement of band 20 does seem to introduce some challenges to some of the existing duplexer technologies. 

However there are solutions based on existing technologies (both FBAR & SAW) that would seem to achieve similar performance in band 20 as band 8. 

We should also bear in mind that between now and the introduction of band 20 devices the industry has some time to optimize the technologies for this reverse duplex arrangement which should further equalize the achievable performance in each of these bands.
MSD is also impacted by the band 20 duplex spacing which is about 10% lower than band 8 one. It means that more transmitted energy will be received in the Rx Band for a given PA linearity. The Rx desensitivation will be then more important for Band 20. However, the Band 20 duplex gap/center frequency ratio is higher than Band 8 (1.33% vs 1.08%). This should make it possible to increase the filter rejection in the Rx band to overcome or at least significantly reduce the impact on MSD.

Moreover, PA technology evolves quite quickly and it is reasonable to assume that PA performance will be slightly better for band 20 than what it was assumed for band 8. The time will then also help to overcome the difference between the two bands.
We therefore propose that:
· The performance limits for band 20 should not be based on the worst case technology limitations but should take into account that some existing technologies can already permit similar performance in band 20 as band 8. 

· We should also take account of the fact that some further optimization of the technologies to meet the different filter charactristics of reverse duplex will take place between the agreement on the specification and the introduction of devices in the market.

· The REFSENS & MSD performance limits of band 20 should therefore be the same as band 8




