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Introduction
During the RAN4#90 meeting, discussions about AGC settling time focused on simulation conditions. After examining the technical reports [2] [4], some estimates for possible values are provided as well as what conditions to examine. 
Background
Study item
With the completion of the NR V2X study item, the TR [2] provides additional guidelines in the design of the sidelink which may impact AGC considerations.
· For SCS spacing:
· (FR1) 15 kHz, 30 kHz and 60 kHz are supported with normal CP, and 60 kHz SCS with extended CP
· (FR2) 60 kHz and 120 kHz SCS are supported with normal CP, and 60 kHz SCS with extended CP
· Possibility of AGC training signal
· Open-loop power control procedures
In addition, the simulations studies parameters such as an AGC settling time of 1 symbol for FR1 and FR2 (table A.2-1 in [2]).
Way forward discussion
In [1], the WF describes the factors for the AGC settling time:
· AGC settling time includes the following components (AGC setting time =a+b+c+d)
· (a) time offset from the start of the OFDM symbol to account for maximum signal propagation delay from different UEs 
· (b) time to receive the window of samples used for estimating the gain/power
· (c) time for estimating and programming the desired gain setting 
· (d) time for the gain setting taking into effect 
Some issues to be discussed are
· FFS for AGC settling time considering the different waveform design for AGC symbols in RAN1
· At least, CP-OFDM will be considered
· FFS if same or different AGC settling time shall be applied for different SCS 
· AGC settling time will be derived under assumption of below two options of RBs size restrictions: 
· Option 1
· At least 10RBs for 15kHz
· At least 5 RBs for 30kHz
· At least 3 RBs for 60kHz
· Option 2
· At least 10RBs for all SCSs
· Further study feasible AGC settling time for FR1
· Companies are encouraged to bring analysis on 
· AGC accuracy and RX power estimation duration depending on the CBW, V2X signal RB size, SCS
· AGC settling time duration dependency on the number of V2X CCs and RX chains
· Aim to send LS with final AGC settling time value to RAN1 in RAN4 #90bis
For the AGC settling time, it may be difficult to provide a breakdown along the terms (a) to (d), especially since AGC design is implementation specific. However, some back of the envelope calculations can ensure the values are realistic.
Discussion
For the AGC settling time, it may be difficult to provide a breakdown along the terms (a) to (d), especially since AGC design is implementation specific. However, some  theoretical calculations can ensure the values are within the range.
(a) time offset
The time offset is a function of the distance between the transmitter and receiver, the type of channel observed, the transmitted power, and receiver characteristics.
The simulation studies for V2V considered a number of scenarios in [4]. For discussion purposes, consider the highway model and line-of-sight (LOS) conditions for simplicity. In addition, assume the transmit power is either 23 dBm or 33 dBm, the bandwidth is 20 MHz (40 MHz), and receiver noise figure is 9 dB. In addition, the type of channel is specified as LOS (with probability as a function of distance) and NLOS (complement of LOS probability). The NLOS includes additional losses due to vehicle heights. 

The 40% LOS distance is 615 m for the highway model.
The pathloss model for LOS conditions is given by table 6.2.1-1 in [4] for a distance d in meters and frequency f in GHz is

Using the two transmit powers of 23 and 33 dBm, the received power is the transmit power minus the pathloss, as shown in Figure 1 for the 5.9 GHz carrier assuming LOS. For 20 MHz BW, the noise floor is ‑173+10log10(20 MHz) + NF = ‑91 dBm.
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For instance at 600 m (~41% LOS), the received signal is -81 dBm, which is 10 dB above the noise floor. Once fading margin is included as well as the probability of LOS, 600 m may be a reasonable limit. Using a propagation delay of d/c, 600 m corresponds to 2µs. and assumes LOS. If any value is assumed for the time offset, it should not exceed 2µs.
(b) estimating the gain/power
The process of estimating the power/gain is implementation specific. In general, the accumulated power over a simple transceiver architecture). Assuming the power is linearly distributed over the duration of the signal, thus ¼ of a symbol should contain ¼ the power of the symbol. The duration needed for estimation is implementation specific.
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[bookmark: _Ref4664328]Figure 2. Simple transceiver architecture
Table 1. 
	SCS
	Duration (µs)
	1/8 symbol (µs)
	¼ symbol (µs)

	15 kHz
	71.4
	9
	17.9

	30 kHz
	35.7
	4.5
	8.9

	60 kHz
	17.9
	2.3
	4.5



Since the duration of the symbol is related to the numerology, the estimation time should be related to the numerology. 
Observation 1: the estimation time should be captured as a function of numerology
The received signal y(t) in Figure 2 is

where α is the path loss, h(t) is the channel, x(t) is the transmitted signal, and n(t) represents Gaussian noise. When considering the power, 

the effect of the channel becomes apparent. Although statistically the channel has unit gain, fading on a narrowband channel affects the quality of the estimate in contrast to a wideband channel where the fading is averaged over the bandwidth. This implies a longer duration for estimation is needed for a narrow bandwidth signal (as results in [3] have shown). 
From the TR [4], the smallest packet size assumed in the study is 190 bytes. With rate 2/3 coding, the coded packet size is 2280 bits. Based on 8 symbols available for the shared channel (which is used in LTE), about 12 RBs and 6 RBs are needed for QPSK and 16QAM, respectively. 12 RBs with 60 kHz SCS is about 9 MHz (half the bandwidth of a 20 MHz carrier) whereas with 15 kHz SCS, one-eighth the bandwidth is used. The combination of smaller bandwidth and smaller SCS implies a longer estimation time is needed for 15 kHz SCS.
In option 1 of the WF, a fixed bandwidth is proposed for all three SCS. That implies the payload decreases as the SCS increases. However given that the payload is generally independent of the SCS, the same payload should be used for all SCS.
Proposal 1: Typical payload sizes should be used as the baseline for the estimation time for each numerology. 
Conclusion
Based on analysis, the estimation time was examined and shown to vary as function of numerology.
Observation 1: the estimation time should be captured as a function of numerology
Another aspect for the estimation time is to use representative size for the payload
Proposal 1: Typical payload sizes should be used as the baseline for the estimation time for each numerology. 
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