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Introduction
In RAN4 NR AH#3, how to implement 7.5 kHz shift for LTE-NR uplink subcarrier alignment was discussed intensively [1]. And one interesting question was also raised on how much RF retuning time can contribute to LTE-NR switch time. 
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]In this contribution, we investigate the so-called “fast-lock” technique in PLL and provide the simulation results on the feasible lock time, and also show the measured results based on the available chipset equipped with the fast-lock technique. Both simulation and measurement show that 7.5 kHz shift on top of the RF frequency could be achieved within the required interval, e.g., 20us.
Discussion
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK25][bookmark: OLE_LINK26]. “Fast-lock” feature is a very common technology and most of PLL ICs support this feature. 
A typical fast-lock PLL circuit shows in Fig. 1.
·  When a new frequency is loaded, the charge pump circuit receives an input to deliver 4 times the normal current per unit phase error, while an open drain NMOS on chip device switches in a second resistor (R2) to GND. 
· Once locked on the correct frequency, the PLL will then return to standard, low noise operation.
· This transition does not affect the charge on the loop filter capacitors and is enacted synchronous with the charge pump output. This creates a nearly seamless change between fast-lock mode and standard mode.

[image: ]
Figure 1, Fast-lock PLL circuit
A simulation on the fast-lock technique on DCS1800 was conducted, and the simulated phase noise and lock time is shown as Fig. 2. With the fast-lock mode, the lock time for a jump from 1805MHz to 1880MHz is reduced from 120us down to 6us.

Figure 2, Simulation on phase noise and lock time
As an example of mature commercial chips with the fast-lock, ultra-fast settling Frac-N PLL device ADF4193 & ADF4196 is a mature device with “FastLock” feature which is from Analog Devices, Inc.  Fig. 3 illustrates the block diagram of these two devices.
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Figure 3, Block diagram of ADF4193 and ADF4196
Fig. 4 shows measured results for DCS-1800 Tx synthesis lock time with 75MHz jump from 1815MHz to 1890MHz.
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Figure 4, Measured results on lock time with 75MHz jump from 1815MHz to 1890MHz
Fig. 5 illustrates measured results on lock time for GSM-900 with 40MHz jump from 1095MHz to 1055MHz.
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Figure 5, Measured results on lock time with 40MHz jump from 1095MHz to 1055MHz
It is noteworthy that 7.5kHz retuning is much less than 40MHz for GSM-900 RX and 75MHz for DCS-1800 and, hence it is reasonable to conclude that lock time for 7.5kHz offset should be less than 20us.
Observation: Mature fast-lock technique and devices enable 7.5kHz retuning with less than 20us.
Conclusion
Based on the above discussions, we have the following observation on the feasible PLL lock time:
[bookmark: _GoBack]Observation: Mature fast-lock technique and devices enable 7.5kHz retuning with less than 20us.
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Ultra-fast settling, fractional-N PLL
architecture

Single PLL replaces ping-pong
synthesizers
Operation Frequency
ADF4193: 400MHz to 3500 MHz
ADF4196: up to 6GHz
0.5 degree rms phase error at 2 GHz RF
output
1 degree rms phase error at 4GHz RF
output
Digitally programmable output phase
3awire serial interface
On-chip, low noise differential amplifier
Phase noise figure of merit: ~216 dBe/Hz
Loop filter design possible using ADI
SimPLL
Released
Eval Boards available




