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1. Introduction

It is likely that initial chipset implementations for inter-band and non-contiguous intra-band carrier aggregation will consist of separate integrated circuit chips for each radio chain.  However, as adoption rates increase, there will be an opportunity to create solutions based on single-chip solutions to reduce cost, area, and current consumption.  However, single-chip RF implementations carry additional challenges resulting from the diminished isolation achievable between radios.  In this contribution, we discuss challenges associated with the synthesizers and VCO's associated with carrier aggregation when implemented in a single chip.
2. Discussion

Reference architectures for carrier aggregation RF implementations by which specifications are defined have been provided in various TR's on carrier aggregation [1],[2].  For inter-band carrier aggregation and for non-contiguous intra-band carrier aggregation, it has been assumed in the reference architecture that separate RF chains (mixer, baseband filter, analog-to-digital or digital-to-analog converter) are used, but whether these are contained within two discrete IC chips or whether these are integrated into the same IC is left to implementation.  Placing each RF chain on a separate IC enables good isolation between the two radios so that they can behave more independently.  However, if both radios are placed within the same IC, then the isolation becomes a much more challenging problem.
Some of these challenges have already been identified such as when harmonic interference is present for class A2 inter-band combinations where it was suggested that there is limited isolation between the DA of Band 4 and the LNA of Band 17 on a single chip implementation [3].  

Due to limited isolation other challenges exist, in particular, due to the interaction between local oscillators on the chip.  It is a well known that VCO's are susceptible to large power fluctuations in neighboring circuits.  For example, when a radio is turned on, the perturbation on the supply lines can affect other VCO's on the chip causing them to tune off frequency momentarily until their phase locked loops can re-settle.  Other synthesizers operating in nearby frequencies can also influence the output of a VCO causing it to tune off or increasing its phase noise.  Lastly, synthesizers produce spurs whose locations and amplitude can be managed by carefully adjusting the divider values and appropriate filtering.  However, with single chip carrier aggregation implementations, the spurious products from separate synthesizes create mixing products as well.  
The disruption to the VCO's can cause loss of data.  This loss of data can either by transient or systematic.  For example, a disturbance to the VCO may cause a transient disruption to data until the PLL regains lock.  PLL settling time is typically on the order of 200 s so the data loss may limited.  On the other hand, the systematic disruption to data may be systematic in the case of PLL pulling or injection locking, or from a spur mixing product generated by the combination of synthesizers frequencies.  For example, if a SCC is activated, mixing products can be formed which generate spurious products falling into a receive band, into GPS, etc.  In this case, the spurious products are present for the duration that the two component carriers are activated.  It is clear that such systematic disruptions are far more onerous and must be avoided.  One way to address this problem is to reprogram the synthesizer divider values upon activating the SCC to adjust the location of the spurs.  Then, when the SCC is active, the spurs are pushed away to a benign frequency.  Reprogramming the synthesizer in this way may require optimized values for each particular channel and channel combination.  In this way, the systematic data loss can be avoided since the spurs have been relocated, but it is replaced by a transient data loss which occurs while the synthesizers are reprogrammed.  During this period, the synthesizers are disabled, new divider values are programmed, and their PLL's are allowed to re-lock.  This duration can be approximately 1 ms or longer depending on the time required to put the radio and baseband in a controlled state and the time to restart.  We note that an interruption time of 1 slot is granted for a similar situation in the UMTS specifications (see section 6A.1 of [4]).  We also note that a transient interruption (impacting both UL and DL) upon activation or deactivation of the SCC is much preferred over a systematic data loss which is persistent.  For cases, such as inter-frequency measurements, where the disruption is momentary and short-lived, then it is not necessary to take this step.  In those cases, the momentary increase in spurious emissions is tolerated.
3. Conclusion
Single chip solutions for carrier aggregation are likely to become more common as the feature gains acceptance.  Single chip solutions offer the benefits of reduced cost, size, and power consumption, but also introduce additional challenges and performance characteristics due to increased coupling between circuitry on the same integrated circuit.  In particular, the synthesizers and VCO's can be disrupted leading to data loss in situations where adjacent circuitry to enabled and disabled.  In some cases, the disruption is transient and the data loss is over a finite duration.  In these cases, the data loss may be acceptable and not affect real-world operation.  In other cases, such as when an SCC is activated or deactivated, the disruption and data loss may be systematic.  In those cases, we seek to find solutions which involve only temporary data loss by reprogramming the synthesizer.  
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