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1. Introduction

FDD-TDD carrier aggregation between Band 3 and Band 41 is being considered.  However, some challenges and issues have already been identified [1], [2], [3] for further study.  In this contribution, the filtering requirements to support this combination are considered.
2. Discussion

The filtering challenges to support B3+B41 CA have been outlined in [1] and [2].  Namely, simultaneous Tx/Rx between Band 3 and Band 41 can be problematic when transmitting from Band 3 where the Band 41 receiver is subjected to transmit noise as well as blocking, and when transmitting from Band 41 where Band 3 receiver is subjected to transmit noise as well as blocking.  These effects are typically mitigated with sufficient cross band isolation achieved by filtering.  However, TDD front-end filters have relaxed attenuation requirements in favor of reduced insertion loss, cost, and size since there is no requirement to isolation the Tx from the Rx during single band operation.  Therefore, TDD filters generally do not offer significant attenuation and isolation to the pairing band either.  In particular, the Band 41 filter offers very poor isolation to other high frequency bands that it might be paired with in a CA configuration.
Cross band isolation

This effect has already been observed in during the work for defining the B1+B41 CA configuration [4].  For the B1+B41 combination, the work item specified that uplink would only be required from Band 1; therefore, the filter requirements could be relaxed in one direction.  However, for this band combination, the uplink is required in both bands according to the work item description [5].  According to filter performance, the cross-band isolation from the full-band Band 41 filter to Band 3 frequency ranges is limited; the Band 3 Rx isolation is 18 - 20 dB and the Band 3 Rx isolation is 20 dB.  In the other direction, the Band 3 duplexer is also not specified and designed to provide isolation over the Band 41 frequency range.  The best performance is currently obtained from the B1+B3 quadplexer which is able to provide 40 dB attenuation into the Band 41 frequency range.  For the further analysis in this contribution, it is assumed that 40 dB attenuation from Band 3 into Band 41 if available.  Despite this, it can be seen that the cross band isolation values from each of the filters falls significantly short of the 50 dB Rx and 55 dB Tx isolation that is generally targeted for good performance.
Options
Several options can be considered to improve the cross band isolation and overall performance for this band combination.

1. Split filter for Band 41,

2. B3+B41 triplexer,

3. Restrict the uplink to Band 3 only,

4. Separate antenna between Band 3 and Band 41,

5. Local diplexer between Band 3 and Band 41.

The first option may improve the performance of the Band 41 filter by narrowing its passband and enabling greater design flexibility to provide attenuation into Band 3 frequencies; however, it does not address the inadequacy of the Band 3 filter to attenuate Band 41.  Moreover, a split filter in Band 41 would preclude non-contiguous intra-band CA in Band 41.  Therefore, we do not recommend following this approach for standardization, though any implementation, particularly one that does not support non-contiguous intra-band CA in Band 41 could consider this.
The second option of a triplexer may not provide sufficient isolation and insertion loss over process and temperature.  A triplexer would also not allow for carrier aggregation between Band 1 and Band 3.

The third option to restrict the uplink to Band 3 is similar to the approach used in the B1+B41 combination.  This approach allows the filter requirements to be relaxed since isolation from Band 41 Tx is not required.  However, unlike the case for Band 1, the performance of the Band 41 filter in the Band 3 frequency range is somewhat improved as also noted in [1].  Whereas the Band 41 response over Band 1 frequencies was limited to 5 dB or less in Rx and 15 dB in Tx, it is improved to 18 - 20 dB in Band 3 Rx and 20 dB in Band 3 Tx.  Of course, these values are still short, but are significantly better than what could be achieved in Band 1.  Therefore, in this case, it is recommended to attempt to retain the possibility of uplink in both bands.

The fourth option uses separate antennas between the two bands to provide additional isolation.  Assuming that separate antennas can provide an additional 10 dB of radiated isolation between the two bands, the situation can be improved.  However, not all device form factors can support the addition of antennas to provide isolation due to size and routing constraints.  Additionally, even with separate antennas, the cross isolation is still inadequate.  To complete the picture requires the addition of a cascaded high pass filter in the Band 41 RF path, one of the options suggested in [3].  This Band 41 HPF could provide an additional isolation of 25 dB from Band 41 into Band 3, at the cost of approximately 1 dB in additional insertion loss to Band 41 Tx and Rx.  In summary, this approach then leads to the following

Band 3 Rx isolation:  18 dB (B41 filter) + 10 dB (antenna) + 25 dB (B41 HPF) = 53 dB


Band 3 Tx isolation:  18 dB (B41 filter) + 10 dB (antenna) + 25 dB (B41 HPF) = 53 dB


Band 41 Rx isolation:  40 dB (B3 Rx filter) + 10 dB (antenna) = 50 dB


Band 41 Tx isolation:  40 dB (B3 Rx filter) + 10 dB (antenna) = 50 dB


Additional insertion loss in Band 3:  None


Additional insertion loss in Band 41:  1 dB (B41 HPF)
The fifth option uses a diplexer provide additional separation between the two bands while simultaneously providing a path to a single antenna feed.  This is the most likely solution for UE's that cannot accommodate multiple antennas.  The local diplexer between Band 3 and Band 41 can provide an additional conducted path isolation of 10 dB between the two bands, but at a cost of 1.2 dB additional insertion loss to both bands.  Moreover, the isolation arithmetic is the same for the diplexer as for the multiple antenna option meaning that a Band 41 high pass filter is also required.  In addition, a 1x2 T/R switch is required on the Band 41 port of the diplexer.

Band 3 Rx isolation:  18 dB (B41 filter) + 10 dB (diplexer) + 25 dB (B41 HPF) = 53 dB


Band 3 Tx isolation:  18 dB (B41 filter) + 10 dB (diplexer) + 25 dB (B41 HPF) = 53 dB


Band 41 Rx isolation:  40 dB (B3 Rx filter) + 10 dB (diplexer) = 50 dB


Band 41 Tx isolation:  40 dB (B3 Rx filter) + 10 dB (diplexer) = 50 dB


Additional insertion loss in Band 3:  1.2 dB (diplexer)

Additional insertion loss in Band 41:  1.2 dB (diplexer) + 1 dB (B41 HPF) + 0.6 dB (T/R switch) = 2.8 dB

3. Conclusion
In this contribution, filtering strategies have been investigated to support inter-band CA between Band 3 and Band 41.  It does not appear necessary to restrict the uplink to Band 3 for this band combination.  The most optimal implementation of this band combination will require multiple antennas to separate the two bands; however, not all UE's will be able to accommodate multiple antennas.  For those UE's restricted to a single antenna, a diplexer and T/R switch can be used but with significant insertion loss.  In both cases, a Band 41 high pass filter is additionally required.  The values presented here are still preliminary and a small MSD may still be required.
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