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Introduction
In RAN4 meeting #90bis further discussion on AGC settling time took place. No final conclusions were reached and the current status is summarized in [1-2]. The following agreements on the AGC settling time are captured in the LS to RAN1 [2]: 
	· No consensus reached on the AGC settling time values. RAN4 will continue to investigate the AGC settling time values
· Below observations that impact AGC setting time in RAN4 study are:
· Different companies have different assumptions of AGC settling time.  
· Some parameters that impact AGC settling time are waveform, RB size, SCS, number of carriers, number of receiver chains, and adjacent channel blocking interference. AGC settling time reported to RAN1 shall also consider the implementation and practical aspects. 
· Based on different assumptions: 
· The AGC settling time observed by Qualcomm, Ericsson, Intel, Interdigital is
· AGC time :  35us for all SCS 
· The AGC settling observed by Mediatek, Huawei, LGE, Spreadtrum is
·  AGC time :  35us for 15kHz  SCS
                         18us for 30kHz SCS
                         9us for 60kHz SCS
· [bookmark: _GoBack]If multiple carriers are configured, AGC performance could be degraded/further evaluated.
Any further clarification on RAN1 design/ assumptions regarding the above observations could benefit RAN4 to further evaluate AGC performance.



In this contribution we provide further discussion on the NR V2X FR1 AGC settling time.
Discussion
In WF [3], it is agreed that AGC settling time includes the following components for NR V2X:
(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, 
(c) time for estimating and programming the desired gain setting, 
(d) time for the gain setting taking into effect. 


Figure 1: Components for AGC settling time
The duration of period (a) can be estimated as CP/2 which is aligned with previous LTE assumptions on the maximum allowed propagation delay. For (b), one first needs to know the accuracy criterion for energy estimation, i.e., X dB to the actual average energy with probability of Y. With the accuracy criterion, the time duration (b) can be derived by link-level simulations similar to [4]. In this contribution, we evaluate the probability that the energy estimate is out of ±3dB of the actual average energy as a function of time (fs * number of samples used for energy estimation), i.e., Pr(|Estimated energy in dB – True energy in dB| > 3 dB). Simulation results are shown for the scenario with 20MHz CBW, CP-OFDM waveform and with different RB resource allocation, SCS, and SNR for the AWGN channel. 
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Figure 2: Probability that energy estimate is out of 3dB threshold as compared with true energy.

The key observations from simulation results are as follows:
· For the fixed number of PRBs the RSSI estimation time is reduced for higher SCS
· For the fixed effective TX BW (e.g. 20 PRBs for 15kHz SCS, 10 PRBs for 30kHz and 5 PRB for 60kHz) the RSSI estimation time is almost same for all SCS
· RSSI estimation time is reduced for lower SNR
· RSSI estimation time is almost same for different modulations
· Reliable RSSI estimation within 10us can be achieved if the V2X resource allocation is limited by 8/4/2 PRBs for 15/30/60 kHz respectively
Observation #1:	Reliable RSSI estimation within 10us can be achieved if the V2X resource allocation is limited by 8/4/2 PRBs for 15/30/60 kHz respectively
For (c)+(d), the time for programming the AGC gain plus the time for applying the gain, it eventually depends on UE implementation. Specifically, the AGC gain calculation time in firmware may depend on the number of carriers, number of Rx chains and other factors. For example, when UE operates on multiple carrier components, the AGC calculation time can be multiple times of that for single carrier case if AGC gain is calculated for each carrier in a sequential way. Alternatively, the AGC gain calculation can be performed in a parallel manner but would require substantial additional processing power and die size increase.
Observation #2: 	AGC gain calculation time may depend on number of Rx chains, and number of CCs.
Thus the AGC settling time depends on signal bandwidth, number of Rx, and number of carriers in use. To determine the AGC settling time, one needs to consider the worst case scenario for all the possible implementation. Same time, using different AGC settling time values for different scenarios may complicate the V2X system design and we recommend using a single set of values which would allow sufficient AGC accuracy under various target uses cases. For instance it is expected that in the future the V2X support can be extended for the support of multi-carrier operation (even in case the initial release will support a single carrier). Therefore, in case the AGC settling time values in Rel-16 are defined with respect to a single carrier operation, further extension of the settling time for multi-carrier case may not be feasible from the physical layer design perspective and will require substantial redesign efforts.
Observation #3: 	The worst case scenario in terms of number of CCs and RX chains should be considered for determining AGC settling time.
Based on our assessment the worst case AGC settling time corresponding to the case of 4 CC x 10 MHz BW with 4 Rx chain is ~35us which is roughly aligned with a single symbol duration for 30kHz SCS.
Proposal #1: For NR V2X for FR1
· Same AGC settling time of 35us is used for different SCS.
· V2X resource allocation constraints are applied to restrict the RSSI estimation time:  
· At least 8 RBs for 15kHz SCS
· At least 4 RBs for 30kHz SCS
· At least 2 RBs for 60kHz SCS
Conclusions
In this contribution we provided the views on the AGC settling time for NR V2X. In summary we make the following proposals:
Observation #1:	Reliable RSSI estimation within 10us can be achieved if the V2X resource allocation is limited by 8/4/2 PRBs for 15/30/60 kHz respectively
Observation #2: 	AGC gain calculation time may depend on number of Rx chains, and number of CCs.
Observation #3: 	The worst case scenario in terms of number of CCs and RX chains should be considered for determining AGC settling time.
Proposal #1: For NR V2X for FR1
· Same AGC settling time of 35us is used for different SCS.
· V2X resource allocation constraints are applied to restrict the RSSI estimation time:  
· At least 8 RBs for 15kHz SCS
· At least 4 RBs for 30kHz SCS
· At least 2 RBs for 60kHz SCS
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