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Introduction
In RAN4#90Bis, the scope of the discussion was further narrowed down to ON-to-ON transient period in FR1 where no formal definition has been defined in RAN4. In this meeting, we share our view on ON-to-ON transient period definition, major contributing factors to the transient period, and highlight difference from conventional ON-to-OFF/OFF-to-ON transient period.
Discussion
ON-to-ON transient period breakdown
Unlike ON-to-OFF and OFF-to-ON, ON-to-ON transient period time doesn’t have transceiver configuration setup time and PA turn on time and this makes ON-to-ON transient period shorter than ON-to-OFF and OFF-to-ON periods. There are two main contributors to ON-to-ON transient period.
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Figure 1. ON-to-ON(a.k.a. Tx-to-Tx) transient diagram

· Ramping up/down time
Ramping up/down (ramping up: power change from lower power to higher power; ramping down: power change from a higher power to a lower power) times are mainly due to bias change in PA and associated AGC change in transceiver. While some measurement data were shown in [1] for some (narrow) dynamic range, i.e. ~35 dB, RAN4 needs to consider the worst case which is full dynamic range, i.e. 65 dB (-40 dBm to 23 dBm, or vice versa). Reasonable time for ramping up is 2 – 3 usec. If ramping time is too short, emission issue might come into play. 
Another aspects RAN4 needs to take into account is emissions and perturbation settling time which are from ramping up/down process. 

· Perturbation settling time
PA ramping up causes perturbations from several dynamics in RF front-end, i.e., PLL settling, and TX coupling/leakage.
Pushing/Pulling in PLL
Fast PA output power change plays a noise source role against for PLL performance. As the noise performance of PLLs is improving with time, the impact of power supply noise is becoming increasingly evident, and can even limit noise performance in some cases. Power supply variation can produce an unwanted component of output frequency change. Figure 1 shows a simplified PLL diagram with degrees of power management requirement. Charge pump, VCO, and N-divider are all sensitive to power supply noise, and VCO requires the highest purify of power supply noise among them to guarantee the PLL performance. 
The sensitivity of the VCO to power-supply variation is defined as the VCO pushing (Kpushing), usually a fraction of the wanted output frequency change (KVCO). For example, Kpushing is usually 5 % to 20 % of KVCO. Thus, for high-gain VCOs, the pushing effect becomes larger, and the noise contribution from the VCO supply source becomes more critical. Therefore, a low-noise power supply is required to minimize the impact on VCO phase noise. This is the major limiting factor that the transient time could not be reduced below certain time even with larger sub-carrier spacing.
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Figure 2. A simplified PLL diagram and power management requirement for each block.


TX coupling and leakage
Another factor in perturbation settling time is TX coupling/leakage in RF front-end. If there is power dynamics, it couples and/or leaks to another TX path and antenna which 
	
Considering pushing/pulling settling as well as TX coupling/leakage, it needs at least 3 usec to settle down to guarantee to meet ± 0.01 PPM. In addition, we would like to highlight that this requirement is just from power quality perspective like ON-to-OFF or OFF-to-ON, and not considering signal quality aspect.

Difference from ON-to-OFF/OFF-to-ON transient period
While ON-to-ON transient period could be understood as a part of ON-to-OFF (or OFF-to-ON), there is a unique difference from use case perspective. In ON-to-OFF or OFF-to-ON transient periods, the requirement is from power quality perspective, i.e. transient period where power is ramping up (or down) and PLL is settled down to meet ± 0.01 PPM given carrier frequency. However, ON-to-ON case is different where gNB claims that it could take advantage in demodulation performance from a faster transient period. To verify this, the received signal at gNB should have a good signal quality, i.e. EVM.
Conclusions
In this paper, we shared our view on ON-to-ON transient period, key contributors to the transient period, as well as difference from conventional ON-to-OFF/OFF-to-ON transient period.
ON-to-ON transient period could be breakdown into ramping up and perturbation settling periods. Ramping up could take 2 – 3 usec and perturbation settling time could take 3 usec. In total, ON-to-ON transient period could be 5 – 6 usec. On major difference from conventional transient period is that this ON-to-ON transient period should be considered from signal quality perspective where gNB tries to improve demodulation performance. 
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