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1 Background
Concern has been raised on the Band 1 actual performance when a single 90 MHz filter is used for supporting operation in both Band 1 and the 2 x 90 MHz “MSS band” in Region 1, denoted by Band X in what follows. In this contribution we show that the Band 1 performance can be improved by using the 90 MHz filter (when allowed) for UE supporting band combinations with Band 3 and Band 7. Most UEs for Region 1 will support at least one of combinations Band (1 + 3), Band (1 + 7) and Band (1 + 3 + 7). Then it is relevant to compare the performance of a single 2 x 90 MHz in the Band 1 frequency range with that of a quadplexer or hexplexer for support of these band combinations. 
Before starting we note that
· all UEs will support B1 for camping on B1 networks, regardless of the arrangement decided for the MSS band

· UEs supporting B1, and UEs supporting the 2 x 90 MHz (Band X) in addition, must have B1 filter to meet B34 protection requirement
The Band 1 filter can be a standalone duplex filter or part of a multiplexer; the arrangement for a Band (1 + 3) quadplexer is shown in Figure 1. Band X can be implemented in the same UE by using either a 2 x 90 MHz full-band filter or a filter partially overlapping with the Band 1 filter in a switched duplexer (the MSS part is shown in shaded green).
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Figure 1: filter arrangement for UE supporting Band (1+ 3) and Band X.
For the UE in Figure 1, the IL performance may be improved in the Band 1 range for non-CA operation if the signal is routed through the full-band filter instead of the quadplexer. This would not be possible if the MSS part is implemented as a standalone 2 x 30 MHz band. The caveat is that the UE must be operated in a geographical area where Band 34 is not deployed with appropriate signaling; otherwise the Band 1 filter must be used.
2 Improved Band 1 performance with full-band 90 MHz filter
Front-end architectures for UEs supporting Band X and the carrier aggregation configuration Band (1 + 3) by a quadplexer (left-hand side) and Band (1 + 3 + 7) by a hexplexer (right-hand side) are shown in Figure 2. The architecture on the left-hand side corresponds to the arrangement shown in Figure 1. Antenna diplexers are also shown assuming that combinations with low bands are also supported. 
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Figure 2: architectures for UEs supporting Band 1, Band X and band combinations with Band 1.

Next we compare the IL performance of FBAR implementations of the 2 x 90 MHz full-band filter and the multiplexers in Figure 2. The filter data is provisional. Figure 3 shows the TX performance for two different implementations of Band X compared to Band 1(red curve), one of the Band X implementations is optimized for good performance in the Band 1 range (the pink curve) at the expense of poorer performance at the upper edge (that may be beneficial for Band 34 protection). 
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Figure 3: FBAR traces for Band 1 (red) and two implementations of Band X.
The TX performance for the multiplexers are shown in Figure 4: Band 1 duplexer (green), Band (1 + 7), Band (1 + 3) and Band (1 + 3 + 7) in increasing order of insertion loss. The trace for the Band 1 duplexer in Figure 4 is slightly different from that in Figure 3; the designs have been made using different starting points. Nevertheless, it is possible to make relative comparisons between the traces to estimate the performance difference.
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Figure 4: FBAR traces for Band 1 duplexer (green), Band (1 + 7), Band (1 + 3) and Band (1 + 3 + 7) in increasing order of insertion loss.
Now, comparing the actual performance difference at 1920-1980 MHz (ambient temperature) between the Band 1 and Band X filters in Figure 3 we observe a degradation less than 0.4 dB w r t the Band 1 filter for the worst case, ignoring the implementation of Band X that is optimized for good performance in the Band 1 range. This difference is maintained 5 MHz outside the Band 1 passband, which roughly corresponds to the ETC performance. For A UE that supports CA_1-3, we observe a degradation less than 0.8 dB w r t the Band 1 filter in the 1920-1980 MHz range; slighly larger at ETC. Hence, this suggests that it may be possible to achieve improved performance for Band 1 standalone operation (non-CA) if the signal is routed through the Band X filter (the lower branch in Figure 2). The difference is even more pronounced for an UE that supports CA_1-3-7, or alternatively, CA_1-3, CA_1-7 and CA_3-7 that may also be implemented with a hexplexer. 
For the broadband response, it may also be beneficial to use the Band X filter that may be able to provide improved rejection at higher bands, e.g. for in-device protection of WLAN. A hexplexer has more constaints close-in and it may be more challenging to achieve a good response far out in frequency.

At any rate, there is no penalty induced by using the 2 x 90 MHz full-band filter for Band 1 operation for UEs with the above CA capabilities – when this is allowed, which we shall consider next. 
3 Allowing 90 MHz in Band 1 networks

A Band 1 filter is needed to meet the Band 34 -50 dBm/MHz protection requirement when the UE is configured for Band 1 operation. However, use of the Band X filter may be possible in the lower Band 1 range in which the requirement may be met without help from the duplex filter. The use of a Band X filter is then up to UE implementation.
Use of the Band X filter in the high Band 1 range can only be made in geographical areas where Band 34 is not allocated. An operator would then have to use the following configuration for the frequency band indicator (FBI) and the multi-band info list (“multiple FBI”) for operation in Band 1:
FBI: X

MultiBandInfoList: 1

This means that the UE will apply Band X if supported, while the CA configurations with Band 1 would still be possible since the UE also supports Band 1 (all UEs do). The downside may be that all (legacy) UEs may not support the multiple FBI.

A safer configuration with regard to legacy is

FBI: 1

MultiBandInfoList: X

Then the legacy mobiles can always attach and there is no requirement on support of the multiple FBI (since the frequency band number appears in the legacy SIB1 field). However, there is a priority requirement that the band number in the FBI has to be applied if supported, but this may still not preclude use of the Band X filter for the low range of Band 1 in the implementation if the Band 34 requirement is met.
When the UE is conformance tested for Band 1 requirements, then the Band 1 filter must be used, at least for the high range of Band 1. The configuration in the test equipment is then

FBI: 1

Again, this might not preclude use of the Band X filter for the low range of Band 1 in the implementation if the Band 34 requirement is met.
Thus use the Band X full-band filter for optimized Band 1 performance might always be possible in the low range of Band 1, while use in the high range is limited to cases where Band 34 is not deployed. Finally, it should be remarked that UE output power and power consumption are key performance parameters. Most UE vendors will use all possibilities to reduce the IL. 
4 Conclusion
For a UE supporting B1 + B3, B1 + B7 or B1 + B3 + B7 it is possible to achieve better performance for Band 1 standalone operation if the signal is routed through a 90 MHz filter covering the “MSS band” (BX) instead of through the quadplexer/hexplexers. This applies to both TX and RX performance. 

This is not possible if the band is implemented as 2 x 30 MHz.
