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1. Introduction

An inter-band CA combination with 3.5 GHz bands has been recently proposed between Band 1 and Band 42.  It is likely that in the future, other CA combinations will be proposed with the 3.5 GHz bands.  While there has been discussion on UE architectures in support of CA with lower frequency bands, in this contribution we discuss issues related to aggregation with the higher frequency bands at 3.5 GHz.
2. Discussion

For the first time, inter-band carrier aggregation including a band at 3.5 GHz has been proposed.  In particular, the band combinations B1+B42, B7+B22, and B41+B42 are currently being discussed.  While there has been a great deal of discussion on how to define specifications for 1UL/2DL inter-band CA combinations including the definition of class A1 - A5, treatment of higher frequency bands was not considered.  Therefore, 3.5 GHz band combinations cannot be treated in the same manner as other high-high A3 band combinations.
UE architecture

Before deciding on specifications for CA combinations including 3.5 GHz bands, it is beneficial to gain an understanding of the UE architecture.  Furthermore, since devices are likely to include CA with other band combinations besides B1+B42, B7+B22, or B41+B42 it is beneficial to consider the overall architecture of a device supporting multiple band combinations including those with high frequency bands.  Some ideas have already been presented in [1] and [2], but the basis for these seems to be extending a single carrier non-CA UE to include a single FDD-TDD CA combination.  Instead, we consider the case where we have a UE that already supports inter-band CA and seek to determine how to best insert an additional inter-band combination which aggregates a 3.5 GHz frequency band.

The well-understood architecture for inter-band CA includes a common diplexer to separate low frequency bands and high frequency bands at a single antenna port.  The diplexer typically divides low frequency bands below 1 GHz and high frequency bands above 1.7 GHz though in some instances, the mid-frequency bands at 1.5 GHz are included in the high port of the diplexer with additional loss.  In cascade with the common diplexer are also quadplexers specific for low-low and/or high-high band combinations.  In some cases, local dedicated diplexers can be used instead of quadplexers.  This architecture is capable of supporting multiple band combinations including all classes A1 - A5.  In fact, to support A2 combinations where there is a harmonic relationship between the uplink in a low frequency band with the downlink in the high frequency band, the common diplexer is an essential ingredient in the architecture since it is needed to provide isolation at the output of the low band switch.  Of course, other UE architectures are also possible depending on the design constraints including those which feature multiple antennas.
To include 3.5 GHz bands, it is not possible in general to include these into the existing architecture since the response of the common diplexer degrades above 2.7 GHz as shown in a typical diplexer high band response shown below in Figure 1.  Therefore, it has been proposed that a triplexer [3] might be considered, or a dedicated diplexer [4].   Separate antennas can also be used, but would be limited to only those devices with form factors large enough to support multiple antennas with suitable placement.  Therefore, we restrict the current analysis to either a triplexer or dedicated diplexer solution.  
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Figure 1.  Typical high band response of high-low diplexer

Of these, the dedicated diplexer does not seem to be suitable for a generalized design.  Since it will be used in cascade with the common diplexer, the insertion loss over the frequency range of Band 42 will be excessive.  The insertion loss includes the approximately 0.9 dB as reported in [4] in addition to the insertion loss of the common diplexer.  It has already been shown that the common diplexer has poor response at 3.5 GHz.  Therefore, the overall additional insertion loss approaches 2 dB.

On the other hand, the triplexer provides separation between low bands, high bands, and very-high bands as reported in [3].  The concern with a triplexer is that it should not degrade performance in the low and high bands compared to the common diplexer.  If there is degradation to the low bands and high bands, either in increased insertion or decreased isolation, one way to treat this is to introduce an additional TIB and RIB allowance for UE's which also support inter-band CA with 3.5 GHz bands.  However, detailed technical data for triplexer performance from component vendors was not available at the time of writing and will require further follow-up.  
The other advantage of the common triplexer is that it provides additional isolation from low and high bands to the very-high bands at 3.5 GHz.  Thus, in the future, if class A2 combinations are introduced with 3.5 GHz bands, the triplexer will be needed to provide additional isolation.

This assumes that the antenna is wide enough to support the entire frequency range from low bands to very high bands.
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Figure 2.  Triplexer architecture to support carrier aggregration with 3.5 GHz bands.
Allocation of insertion loss to TIB and RIB
The "shared-pain" principle has been adopted by allocating a portion of the additional insertion loss to Tx and Rx relaxations.  In [4] the same principle is proposed based on previous allocations agreed for CA_8A-20A.  However, we note that RF components have very different characteristics at 3.5 GHz compared to 800 and 850 MHz for CA_8A-20A, and even compared to bands as high as 2.7 GHz.  In particular, the losses at 3.5 GHz tend to be higher including those losses due to trace, T/R switch, and mismatch which are not accounted for when only the diplexer is studied.  Furthermore, transceiver and PA gain at 3.5 GHz is more difficult to achieve at high frequency and for wide bandwidth without introducing instability and sacrificing power efficiency.  Therefore, we propose that for the 3.5 GHz bands, the entire loss associated with the additional component (i.e., diplexer or triplexer) be allocated to relaxation, both for Tx and Rx.  Of course, this does not include the additional loss components such as trace, switch, mismatch, etc.

Support of multiple band combinations

It is a certainty that there will be a demand for devices supporting inter-band carrier aggregation with 3.5 GHz to also support other CA band combinations, especially since the bandwidths required for these 3.5 GHz combinations requires a baseband to be sized in excess of 20 MHz.  Thus, it is necessary to consider the aspect of multiple band combinations as well since this can have an influence on how the specifications will be derived.  The common triplexer architecture as proposed in [3] is conducive to most CA configurations in the same way that the common diplexer architecture supports CA for most combinations including frequency bands below 2.7 GHz.  The specifications acknowledge devices supporting multiple CA combinations by applying a set of rules on how to compute the relaxations.  Strictly speaking, the existing rules already support CA with 3.5 GHz bands since they only describe the high frequency range as greater than 1.7 GHz.  Therefore, no additional specification work is needed to account for support of multiple band combinations including 3.5 GHz if a triplexer is assumed.
3. Conclusion
In previous discussions, several architectures were presented to support CA with 3.5 GHz bands and CA between FDD and TDD.  In this contribution, we focus on the 3.5 GHz frequency aspect and compare specifically an architecture with common triplexer [3] with an architecture with dedicated diplexer [4].  We favor the common triplexer architecture and propose that this be adopted for deriving specifications, but are currently awaiting detailed technical evaluation by the component vendors.  We also consider that RF components at 3.5 GHz are lossier and therefore propose that the additional insertion loss of the triplexer at 3.5 GHz be entirely allocated to TIB and RIB relaxations, but the ancillary additional losses can be absorbed by the UE as part of the "shared pain".
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