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1. Introduction

CA_1A-41A has been standardized since 2014.  At the time of standardization, it was recognized that due to the technical challenges associated with this FDD-TDD band combination and in order to enable feasibility, the work item was modified to limit the allowed uplink to the FDD band [1].  The specifications for CA_1A-41A and its derivatives reflect this limitation in 36.101.  More recently, a proposal has been made to define this band combination again, but to include the ability for uplink in Band 41 [2].  This contribution discusses the challenges associated with this latest proposal.
2. Discussion

The filtering requirements to support uplink in Band 1 have been previously identified [3]

1. B1 Rx and B41 Rx need to provide deep rejection at B1 Tx

2. B1 Tx needs deep rejection at B1 Rx and B41 Rx

The following additional requirements apply if the uplink in Band 41 is to be allowed

1. B1 Rx needs to provide deep rejection at B41 Tx

2. B41 Tx needs deep rejection at B1 Rx 

These additional requirements were not contemplated at the time the specifications were defined for CA_1A-41A and more importantly, have not been contemplated in filter design and UE architecture for devices supporting this band combination.  Therefore, as shown below, the performance when transmitting on Band 41 is expected to be severely degraded.  Alternatively, new designs can be envisioned to now include the additional requirements to support uplink in Band 41.  However, according to the previous study, the insertion losses would be higher and even still, there may be MSD (albeit smaller) in Band 1 Rx.  Since the insertion losses would be higher, the existing specifications for CA_1A-41A with uplink only in Band 1 cannot apply since they may not be able to be met.  Therefore, there may be two types of devices with different specifications and different performance characteristics, even in the existing scenarios of uplink in Band 1, depending on whether the device supports the capability for uplink in Band 41.

2.1. Filter performance
When CA_1A-41A with uplink allowed only in Band 1 was studied, two filter architectures were considered.  The first is a triplexer with ports for B1 Tx, B1 Rx, and B41 Rx using FBAR technology [3].  This second was a cascade of the Band 1 duplexer or Band 41 filter with a diplexer and high-pass filter over Band 41 [4].  Considering these alternatives in the context of the present work item where transmission in Band 41 is also allowed, the additional requirements as described above are evaluated.

Taken from [3], it can be seen that the Band 41 filter does not provide sufficient isolation into Band 1 Rx frequency range.  Looking at Figure 1, the attenuation is only 30 dB under typical conditions.  Significant degradation can be expected due to incursion of Tx noise from the Band 41 transmitter into the Band 1 receiver.  
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Figure 1.  B1 and B41 broadband Rx triplexer (Figure 6 of [3]).
For the diplexer + HPF architecture as presented in [4], the Band 1 duplexer provides 39 dB Tx isolation into the Band 41 frequency range.  A cascaded diplexer can provide an additional 10 dB, but this still does not provide sufficient isolation against Tx blocking.  Additional high pass filtering will be able to provide the needed isolation but at the cost of increased insertion loss.  However, the Band 41 filter only provides between 15 and 20 dB Rx isolation into Band 1 Rx frequencies, depending on the vendor and technology.  This is will short of the necessary isolation to achieve good performance in the Band 1 receiver when there is simultaneous transmission in Band 41, even with additional duplexing and filtering.  Thus, significant degradation can be expected.  Initial assessment is that MSD may be in the range of 20 dB.

3. Conclusion

When CA_1A-41A was first specified, it was limited to only allow for uplink in Band 1 due to the filtering challenges associated with this combination.  A recent proposal has been made to allow for uplink in Band 41.  However, due to the poor isolation achievable, it is expected that significant performance degradation can be expected.  An initial assessment is that the MSD can be expected to be approximately 20 dB.
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