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1. Introduction

The topic of FDD/TDD coexistence has been discussed recently since the Rel-8 specifications remain unresolved for the cases where the FDD and TDD bands may interfere with one another.  Examples are Band 7 and Band 38, and Band 1 and Band 33 where a note in the UE coexistence table indicates that some restriction will be needed for either the operating band or the protected band to meet the emission requirement.  Various approaches have been proposed, most recently in [1], [2], [3], [4].  Of these, one approach as described in [1] and [5] suggests a novel technique for more efficient utilitization of the TDD Band 38 by introducing an offset in the portion of the band used for UL and for DL.  In this contribution, we discuss the implications of such an approach to the UE implementation.  There are also consideration for the eNodeB, especially with regard to co-location.  However, these considerations are outside of the scope of this contribution which focuses on the UE.
2. Discussion

2.1. Background

It is well understood that a coexistence challenge exists between FDD and TDD bands spaced closely together.  Most prominent are Band 7 and Band 38, and Band 1 and Band 33.  Much of the focus has been on the Band 7 and Band 38 scenario since auctioning and deployments in these bands have already begun in Europe.  However, there are other regions in the world which may also deploy TDD and FDD systems in these bands and may face the identical challenge.  However, these other regions may have additional time before deployment to investigate other alternatives for coexistence as well as perhaps benefit from emerging technology.  One such proposal was originally presented in [5].  In [5], guard bands are introduced asymetrically so that, for example, the uplink only has a guard band on the upper part of Band 38, while the downlink has a guard band on the lower part of the band.  In this way, instead of introducing guard band for both uplink and downlink on both edges of the band, greater spectrum utilization can be achieved since a guard band only exists on one side of the band for each duplex direction.  This principle is illustrated in the following diagram taken from [5].
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Figure 1.  Offset UL and DL to improve spectrum utilization.
The UE implementation to support this approach would be to use separate filters for Rx and Tx, since the uplink and downlink bands are not the same.  This would enable the Tx filter a guard band to minimize emissions into the Band 7 downlink and the Rx filter a guard band to maximize the rejection of the Band 7 uplink.  At the same time, a guard band is not imposed where the duplex direction is the same between Band 7 and Band 38; i.e., uplink to uplink and downlink to downlink.
2.2. UE implementation

Due to the offset in frequency between the uplink and the downlink, not only are the Rx and Tx filters different, but the LO frequency is also different between uplink and downlink.  In this way, it is similar to FDD where there are separate LO’s for the uplink and downlink.  However, there are two important differences here.  The first is that since this is TDD operation, the uplink and downlink are not simultaneously active.  The second is that the uplink and downlink frequencies are much closer together (perhaps 10 MHz) than for a typical FDD configuration (at least 30 MHz).
In theory, the fact that the uplink and downlink are not active simultaneously allows the UE to only enable either the Tx or Rx LO at any given instant in time.  However, this is only true if there is sufficient time between Rx and Tx slots for the LO chain to be be enabled and for the phase locked loops to settle.  If there is not enough time, then the LO’s must be run concurrently at least for some amount of time.  This brings into light a potential challenge for the UE implementation.  Running two VCO’s simultaneously when their frequencies are closely spaced can lead to severe performance degradation.  In particular, the two VCO’s influence one another by an effect called pulling, which can lead to increased phase noise, presence of sideband tones, and instability.  These effects are magnified for highly integrated devices with small geometries such as modern cellular handset and dongle designs where the coupling is much higher. 
The impact of such degradation can be severe to both the Rx and Tx performance of the device.  The increased noise will adversely affect the receiver, particularly in reference sensitivity and adjacent channel selectivity.  On the Tx side, since the noise products and sideband tones are generated at the LO, these could be passed through the PA and subject to its nonlinearities.  Not only would ACLR be degraded, but spurious emissions products could be generated outside of the band of interest.
2.3. Potential solutions

Clearly, a problem exists when two VCO’s are running simultaneously at closely spaced frequencies.  The solutions therefore consist of ensuring that the VCO’s are not running simultaneously, or that they are at the same frequency, or that they are spaced further apart.  
2.3.1. Guard period

To ensure that the two VCO’s are not running simultaneously, the TDD slot structure must provide enough guard time between Rx and Tx to account not only for the propogation delay, but also for the time required to power up the synthesizer chain and wait for the associated PLL to settle.  The TDD slot structure currently contains a guard period (GP) within the special subframe between downlink to uplink subframes to account for the round-trip propogation delay between the eNB and the UE.  The guard period must include the round-trip propogation time, which depends on the size of the cell, as well as switching time for the UE to transition between Rx and Tx.  To ensure that the Rx LO and Tx LO are not operating simultaneously, this GP should also include the time for the Tx LO to settle.  This can be approximately 200 s, for example.  Thus, for a given cell size, an additional overhead of approximately 200 s must be incurred for each transition from Rx to Tx and from Tx to Rx.  Since there are only nine special subframe configurations, it may become very challenging to plan the network to accommodate the additional required GP if the cell configuration is already fixed.  The additional overhead of the GP may also negate any benefit of efficiency from removing the guard band.  Lastly, while there exists a special subframe for the transition from Rx to Tx, there is no such special subframe for the transition from Tx to Rx.  Therefore, special provisioning will be required to accommodate this case.
2.3.2. Non-offset frequencies

The second solution is to maintain the Rx and Tx LO’s at the same frequency, which effectively means that only a single VCO is running.  This is the standard TDD configuration where the uplink and downlink are coincident in frequency.  Instead of defining a frequency offset between uplink and downlink channels, this solution would require that the uplink and downlink channels are centered on the same frequency.  For that part of the TDD band away from the band edges, channels can be defined as traditional TDD channels.  For the parts of the TDD band at the band edges where a guard band has been defined, special treatment is required.  Those channels at the band edges could be configured for half duplex operation as shown in Figure 1above, or they could be paired with one another to form an uplink/downlink pair, or they could be used as a supplemental uplink or downlink channel in a carrier aggregation scenario.  Only the channels in the middle of the band could be used in the conventional TDD configuration.
2.3.3. Increased frequency offset

The third solution is to widely separate the center frequencies of the uplink and downlink so that the interaction between the two VCO’s is minimized.  For example, in a FDD system, both uplink and downlink VCO’s are running simultaneously without issue because the frequency separation is large.  The ability to separate the uplink and downlink will be limited by the size of the band and by the bandwidth of the channel, however.  
3. Conclusion

In this contribution, UE implementation of a proposal to offset the Rx and Tx passband for TDD has been evaluated.  It has been noted that it is not feasible to simultaneously operate two VCO’s at closely spaced frequencies due to the interaction between the two.  Therefore, effectively on the middle channels within the band could be operated in a conventional TDD configuration where the uplink and downlink share the same passband and therefore the same LO frequency.  Other configurations require special consideration which may be subject for future study.
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