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1	Introduction
RAN1 has sent an LS [1] to RAN4 and asked regarding transient period considering uplink transmission in the short duration of time. In RAN4#82Bis, a way forward [2] was agreed that RAN4 is going to address the following two transient issues separately:

· Tx On/Off Time
· Inter-Slot Tx Transient Time

In [3], we already provided our view on the first issue, Tx On/Off Time, for below-6 GHz. In this contribution we address the first issue for above-24 GHz range.
2	Discussion
Tx On/Off time has two parts: off-to-on time which is the time taken from the off power (≤ -50 dBm) to the on power and on-to-off time which is the time taken from the on power to the off power. Typically off-to-on time takes longer than on-to-off time since during the off-to-on time, transceiver, PA, and PLL should be setup and settled down. In LTE it should be done in 20 usec. 
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Figure 1. General On/Off time mask (Figure 6.3.4.1-1 in 36.101)


In NR, larger sub-carrier spacing are defined which could make the transient time smaller than LTE. In below-6 GHz, we provided 5 usec is feasible across all 15 kHz, 30 kHz, and 60 kHz sub-carrier spacing [3]. For above-24 GHz range, 60 kHz and 120 kHz are sub-carrier spacing to be supported. 
For larger sub-carrier spacing, it looks like it is possible to have much smaller transient time. However, we recognized there are some other factors which impact on the transient time and it could be harder to be reduced below certain time from an implementation point of view.

Power supply noise for VCO
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 1. A simplified PLL diagram and power management requirement for each block.
 

Frequency offset 
[bookmark: _GoBack]Even with a low noise power supply for VCO, frequency offset requirement would also impact on the settling time in PLL. For existing LTE system, ± 0.1 ppm frequency offset is required. Considering mmWave frequency, i.e. 28 GHz carrier frequency, this ± 0.1 ppm requirement is corresponding to ± 2.8 kHz offset at the center frequency. With smaller frequency offset requirement, PLL settling time would be longer. RAN4 has not discussed the frequency offset requirement for mmWave range.


Observation 1: Power supply noise for VCO becomes more critical for high-gain VCO, and this is the major limiting factor of the transient time even with a larger sub-carrier spacing.

Observation 2: Frequency offset requirement is another parameter to be agreed before discussing the transient time.

Proposal 1: RAN4 should discuss if the same frequency offset requirement as LTE should be used or not for above-24 GHz range.


With certain level of clean-up in power supply noise and ± 0.1 ppm frequency offset requirement, we observed 5 usec is best achievable time at 28 GHz carrier frequency.

Observation 3: 5 usec is the best achievable time for On/Off time with ± 0.1 ppm frequency offset requirement for above-24 GHz.

3	Conclusions
In this contribution, we the following observations and proposal were made:

Observation 1: Power supply noise for VCO becomes more critical for high-gain VCO, and this is the major limiting factor of the transient time even with a larger sub-carrier spacing.

Observation 2: Frequency offset requirement is another parameter to be agreed before discussing the transient time.

Observation 3: 5 usec is the best achievable time for On/Off time with ± 0.1 ppm frequency offset requirement for above-24 GHz.

Proposal 1: RAN4 should discuss if the same frequency offset requirement as LTE should be used or not for above-24 GHz range.
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