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In RAN1#94 meeting [1], a LS of clarification of AGC settling time, TX/RX switching time, time/frequency error, and IBE model for NR V2X was agreed to send to RAN4 for feedback. The tentative assumptions for the simulation are
· AGC
· Up to [15] us in FR1. Up to [10] us in FR2.
· TX/RX switching time
· [13] us in FR1 and [7] us in FR2
· Time error
· Up to [0.4] us between a UE and its synchronization reference
· Frequency error
· Up to [0.1] PPM between a UE and its synchronization reference

In this contribution, we would like to share our view on AGC settling time.
AGC Settling Time
AGC settling time includes three parts
1. Measurement time: time to collect received samples for gain estimation, which is further discussed below.
2. Time of estimation and programming the gain: time for gain estimation and programming the gain for amplifiers, which can be less than 2 us when the estimator and programming core are implemented by hardware. The required time does not depend on the used numerology.
3. Time for amplifier settled down: response time of the amplifier, it can be less than 2 us and also does not depend on the used numerology.
In LTE V2X, AGC settling time is set as one symbol with DFT-S-OFDM waveform. However, CP-OFDM is supported as the waveform in NR V2X. Measurement time highly depends on the waveform of received samples. Different waveforms would result different measurement time and corresponding AGC settling time. It is not straightforward to directly reuse LTE V2X AGC settling time for NR V2X. Further evaluation should be conducted.
Observation 1: Different waveforms would result different measurement time and corresponding AGC settling time. 
Proposal 1: NR V2X AGC settling time should be carefully evaluated under CP-OFDM waveform at least. 
In order to evaluate the measurement time with different waveforms, we carry out some simulations with CP-OFDM signal and random sequence as received samples. Only one UE signal is considered with subcarrier spacing 15 kHz and bandwidth 20 MHz. We assume the requirement of the probability of power difference (Pvar) between estimated power and true power larger than 3 dB is less than 10-3, i.e., Pr( |Pvar| > 3dB ) ≤ 10-3. 
Fig. 1 shows the measurement time of received OFDM samples with different RBs and QPSK modulation scheme under TDL-C 300ns channel. The measurement time is smaller when more RBs are allocated because the time correlation of the samples are higher. If 5RBs are used for gain estimation, the measurement time is more than 30 us. Measurement time is about 5 us, if wideband CP-OFDM signal (100 RBs) is used. The measurement time with higher order modulation order is similar to that with QPSK, since it is more sensitive to FFT size and signal bandwidth than modulation order in CP-OFDM case.
Observation 2: Measurement time is smaller, if more OFDM RBs are used.
When using random sequence as the received samples, the measurement time is about 1.5 us which is less than 1/20 of the measurement time by CP-OFDM signals with 5RBs as shown in Fig. 2. Since CP-OFDM signal has more dynamic power over time-domain than a random sequence with QPSK modulation, more CP-OFDM samples are needed to obtain averaged power with less variation. In other words, a time-domain sequence with lower PAPR or constant envelope can effectively reduce AGC measurement time.
Observation 3: Signals with lower PAPR or constant envelope can effectively reduce AGC settling time.
For SCS 15 kHz and random sequence as AGC training signal, AGC settling time can be less than 5.5 us (1.5+2+2 us). However, AGC settling time would be more than 34 us (30+2+2 us), if CP-OFDM signal with 5 RBs is used for AGC training with SCS 15 kHz. Note that one OFDM symbol duration with SCS 15 kHz is about 72 us, if the symbol is at the beginning of one slot. Then AGC settling time can be less than one half OFDM symbol duration whether OFDM signal or random sequence is used for AGC training.
From the above analysis, it would waste a lot of resource and result in higher overhead ratio and lower spectral efficiency if one OFDM symbol is used for AGC training. In order to reduce the overhead ratio, one half of the first OFDM symbol duration can be used for AGC settling with SCS 15 kHz at least. If random sequence is used, the overhead ratio can be effectively reduced. 
Observation 4: AGC settling time can be less than one half OFDM symbol duration with SCS 15 kHz. 
It should be further evaluated with the consideration of multiple UE signals received. At least, under single UE condition, the order of measurement time or AGC settling time is random QPSK signal < wideband CP-OFDM signal < subband CP-OFDM signal. However, RAN4 WG does not know which waveform would be used for AGC training. RAN1 WG should further indicate which type signal would be used for AGC settling.  
Proposal 2: To have better spectral efficiency, shorter AGC settling time should be supported in NR V2X. 
Proposal 3: RAN1 WG should indicate which type signal would be used for AGC settling.
Proposal 4: If random sequence is used for AGC training, the sequence should have the property of low PAPR, near constant envelope, and lower modulation order.
Proposal 5: The measurement time of multiple UE signals received should be further evaluated.
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Figure 1. Measurement time for received OFDM samples with different RBs and QPSK modulation under TDL-C 300ns channel.
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Figure 2. Measurement time for received random sequence under TDL-C 300 ns channel.
Conclusions
The following summarizes the observations and proposals in this contribution.
Observation 1: Different waveforms would result different measurement time and corresponding AGC settling time. 
Observation 2: Measurement time is smaller, if more OFDM RBs are used.
Observation 3: Signals with lower PAPR or constant envelope can effectively reduce AGC settling time.
Observation 4: AGC settling time can be less than one half OFDM symbol duration with SCS 15 kHz. 
Proposal 1: NR V2X AGC settling time should be carefully evaluated under CP-OFDM waveform at least. 
Proposal 2: To have better spectral efficiency, shorter AGC settling time should be supported in NR V2X. 
Proposal 3: RAN1 WG should indicate which type signal would be used for AGC settling.
Proposal 4: If random sequence is used for AGC training, the sequence should have the property of low PAPR, near constant envelope, and lower modulation order.
Proposal 5: The measurement time of multiple UE signals received should be further evaluated.
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