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1. Introduction

The 2x80 MHz band plan for FDD operation at 3.5 GHz was recently agreed in RAN4 [1] and in ECC PT1 [2].  Although this band plan represents a compromise from the 2x90 MHz plan which was considered previously, it still represents a significant challenge for filter design in the UE.  In this contribution, we present initial findings on the feasibility of filter design and the implication to reference sensitivity and maximum output power for the FDD band at 3.5 GHz.
2. Discussion

The FDD band at 3.5 GHz offers a great deal of potential due to the wide bandwidth availability, but also faces a number of challenges.  The loss of coverage due to propogation characteristics of radio waves at high frequencies is well understood.  Because of this, it is anticipated that the deployment scenarios at 3.5 GHz may not follow traditional macro-cell architectures, but may instead migrate towards femto-cell architectures or hotspot applications [3].  However,  the free space propogation loss at high frequency is not the only challenged faced at 3.5 GHz.  At these high frequencies, the RF front-end components also tend to be lossier further compounding the problem.  Of course, these two aspects impact both TDD and FDD arrangements since they are related to the frequency range which is common to both.  An FDD implementation must also address the relatively narrow duplex gap compared to the passband bandwidth.  The narrow duplex gap makes filter design especially difficult in order to be able to simultaneously provide good Rx band isolation and minimal Rx and Tx insertion loss, as indicated in [4].
2.1. FDD Filter design

We evaluate the feasibility of filter design to support the FDD band plan at 3.5 GHz.  Feedback from filter vendors indicate that SAW technologies are not appropriate at these frequencies due to limitations in the materials and structures for power handling, electro-static discharge, and electrical performance properties.  Therefore, BAW or F-BAR type filters may be more appropriate.  Given the current state-of-the-art technology, it is estimated by the filter vendors that a 40 MHz duplex gap is needed in order to be able to build a filter without undue insertion loss and with sufficient isolation.  Of course, filter attenuation of the upper filter into the lower portion of the receive band must be considered as well to meet coexistence emissions requirements with the dual-duplexer architecture.  This implies that a possible UE implementation is to cover the band by two overlapping filters which switches to select between them.  While it may be possible with technological advancements that in the future it may be possible to cover the entire band with a single filter, at the current state-of-the-art, the estimated insertion loss is greater than 6dB even if temperature compensation technologies can be developed.  Alternatively, again assuming temperature compensation is available, to achieve insertion loss of 4dB, the achievable isolation is reduced to approximately 29dB.  In all of these cases, the reference sensitivity and maximum output power will degrade.  
We regard the dual filter solution as the baseline upon which to set the minimum performance specifications since it is the least speculative in terms of future technology enhancements and seems the most reasonable at this time.  In this case, the RF front-end archictecture would consist of two filters which switches on either side.  It may be possible in some implementations to integrate one of the switches within the antenna switch on the device. 
The disadvantage of this dual-filter architecture, besides the additional component count and associated insertion loss, is the additional attention that must be paid to coexistence emissions in the lower portion of the downlink since the upper sub-band filter does not necessarily need to provide high attenuation for self-desense purposes.  This can be addressed by properly specifying the filter attenuation of the upper sub-band filter, but does impose an additional design constraint.  The second disadvantage is the restriction that the dual-filter architecture imposes on wide channel bandwidths if intraband contiguous carrier aggregation is to be envisioned for this band.  
The insertion losses associated with the filter, switches, and greater trace loss at high frequency imply that reference sensitivity may be degraded by 3.5 dB or more compared to that of Band 1.  Further, since these losses are present in both the Rx and Tx and are approximately flat across the passband, it is anticipated that the maximum output power may also be degraded by the same amount.  While it may be conceptually possible to increase the size and output power of the PA to compensate for some or all of this additional insertion loss, it can be seen that the PA efficiency is already degraded due to the wide bandwidth.  Therefore, it may be impractical to expect a larger PA to compensate for the insertion loss in this application.
2.2. Coexistence

The above analysis on filter design did not consider coexistence requirements.  It is assumed that mixed TDD and FDD deployments in the range from 3.4 -3.6 GHz will not coexist within the same geographical area.  We can therefore disregard the UE coexistence problem within the lower band and focus on the coexistence condition that remains at the the 3.6 GHz boundary between the lower 3.4 – 3.6 GHz and upper 3.6 – 3.8 GHz band.  For UE-UE coexistence, it is assumed (though must be specified) that the Tx filter in the duplexer will provide attenuation in the upper 3.6 – 3.8 GHz band.  However, the Rx filter in the lower band should provide interference rejection against blockers in the upper band.  Since there is no guard band between the lower and upper bands, it is assumed that the coexistence issue must be resolved using other techniques since filtering will not be effective for the closest channels.  Therefore, stringent requirements on the filter have not been assumed in the analysis above.  However, in practice, it is of course desirable to implement a device with the best possible attenuation for improved coexistence, even if it is not possible to filter the closest channels.  Thus, it is reasonable that some filter requirement should be expected of an actual UE and therefore, some allowance in reference sensitivity should be provided to account for the insertion loss of the filter.  Note that this coexistence issue exists for both FDD and TDD so there may be impact to both configurations to account for this aspect.

2.3. Maximum output power

RF front-end losses affect not only reference sensitivity, but also maximum output power.  Furthermore, it has been shown [5] that wider bandwidths such as proposed at 3.5 GHz provide additional challenges to the power amplifier to support with good efficiency.  Therefore, maximum output power for 3.5 GHz bands must be carefully evaluated.

3. Conclusion

The reference sensitivity for both TDD and FDD band plans at 3.5 GHz have not yet been finalized.  For TDD, the reference sensitivity has been marked as tentative in square brackets.  For FDD, it is not yet defined.  For TDD, it was suggested that consideration in reference sensitivity be given due to the wide passband and the coexistence conditions [6].  For FDD, the 2x80 band plan at 3.5 GHz is a challenging one for the UE implementation.  Examining state-of-the-art filter technology, it is anticipated that a dual-filter solution will be required to achieve the required isolation and attenuation with minimal insertion loss.  Even still, the overall insertion loss impact is expected to be such that the reference sensitivity and maximum output power may be degraded by 3.5 dB.  For both TDD and FDD, consideration should also be given to the increased insertion loss of RF components at this high frequency.  Thus, we propose to take a moer thorough investigation of these aspects to complete the work on reference sensitivity and maximum output power for both FDD and TDD.
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