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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 RAN4#90 meeting, WF on AGC settling time was agreed as [2]
· 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 
· Open issues :
· 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: 
· Option1
· At least 10RBs for 15kHz
· At least 5 RBs for 30kHz
· At least 3 RBs for 60kHz
· Option2
· 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
In RAN4#90bis meeting, a draft reply LS on NR V2X UE RF parameters was agreed as [3]
· 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
· 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 would like to share our view on AGC settling time.
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.
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. Time (b) highly depends on the waveform of received samples. Different waveforms would result different Time (b) 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.
[bookmark: _Ref5001341]Observation 1: Different waveforms would result different measurement time and corresponding AGC settling time. 
[bookmark: _Ref5001392]Proposal 1: NR V2X AGC settling time should be carefully evaluated under CP-OFDM waveform at least. 
Time (a)
Time (a) is the time offset from the start of the OFDM symbol to account for maximum signal propagation delay from different UEs. Maximum signal propagation delay from different UEs would depend on the maximum communication range of NR V2X and timing offset from synchronization source. It is usually smaller than one cyclic prefix duration. For example, maximum propagation delay is less than 1.67 us, if maximum communication range is 500m. However, AGC settling time should be counted by the received signal from antenna port and maximum propagation delay should be considered in RAN1 design aspect thus be not taken into account in AGC settling time.
[bookmark: _Ref5001396]Proposal 2: RAN4 should not consider maximum signal propagation delay in AGC settling time.
Time (b)
Time (b) is the time to receive the window of samples used for estimating the gain/power and depends on the received waveform. In order to evaluate Time (b) 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 15/30/60 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. 
For RB size restriction, there are two options: 
· 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.
In NR V2X, the received signal for AGC settling consists of control channel signal and data channel signal. The minimum payload size should not vary with different SCSs. Therefore, we only consider Option 2 with fixed RBs for all SCSs. 
[bookmark: _Ref5001399]Proposal 3: Only Option 2: at least 10 RBs for all SCSs should be considered in AGC settling time evaluation.
Fig. 1 shows Time (b) of received OFDM samples with 10 RBs and QPSK modulation scheme under TDL-C 300ns and AWGN channels. Multiple carriers, multiple receiver chains, and adjacent channel blocking interference are considered in the simulation. Time (b) depends on the samples number of received signal. More samples used would result in smaller Time (b). Time (b) is almost inversely proportional to SCS with fixed evaluation RBs. Time (b) can be summarized as Table 1.
[bookmark: _Ref5001402]Proposal 4: Time (b) is inversely proportional to SCS with fixed RBs of CP-OFDM signals.
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Figure 1. Time (b) for received CP-OFDM samples with 10 RBs and QPSK modulation under TDL-C 300ns channel and SNR 20 dB.
Table 1. Time (b) for received CP-OFDM samples with 10 RBs and QPSK modulation under TDL-C 300ns channel and SNR 20 dB.
	
	SCS 15 kHz
	SCS 30 kHz
	SCS 60 kHz

	10 RBs
	20 us
	12 us
	6 us


When using random sequence as the received samples, Time (b) is about 1.5 us which is less than 1/10 of the Time (b) by CP-OFDM signals with 10RBs 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.
[bookmark: _Ref5001383]Observation 2: Signals with lower PAPR or constant envelope can effectively reduce AGC settling time.
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Figure 2. Time (b) for received random sequence under TDL-C 300 ns channel.
Time (c)
Time (c) is the time for estimating and programming the desired gain setting, which does not depend on different SCSs. It is common to use hardware to estimate the gain from received signals and program the desired gain setting. From our hardware evaluation, Time (c) can be less than 1 us. 
[bookmark: _Ref5001405]Proposal 5: Time (c) could be less than 1 us.
Time (d)
Time (d) is the time for the gain setting taking into effect and does not depend on different SCSs. Time (d) is highly dependent on the response property of amplifier. Based on our evaluation of commercial amplifiers, Time (d) can be less than 1 us.
[bookmark: _Ref5001408]Proposal 6: Time (d) could be less than 1 us.
Summary of AGC settling time
For random sequence as AGC training signal, AGC settling time can be less than 3.5 us (1.5+1+1 us). However, AGC settling time would be about 22/14/8 us (20/12/6+1+1 us), if CP-OFDM signal with 10 RBs is used for AGC training with SCS 15/30/60 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 and enhance the system spectral efficiency, one half of the first OFDM symbol duration can be used for AGC settling with different SCSs. If random sequence is used, the overhead ratio can be effectively reduced. 
Proposal 7: AGC settling time can be less than one half OFDM symbol duration for all SCSs.
Based on the above analysis, we summarized AGC settling time in Table 2. 
Table 2. AGC settling time for received CP-OFDM/random signal and QPSK modulation under TDL-C 300ns channel and SNR 20 dB.
	
	SCS 15 kHz
	SCS 30 kHz
	SCS 60 kHz

	CP-OFDM within 10 RBs
	22 us
	14 us
	8 us

	Random sequence
	3.5 us
	3.5 us
	3.5 us



[bookmark: _Ref5001411]Proposal 8: To have better spectral efficiency, shorter AGC settling time should be supported in NR V2X. 
[bookmark: _Ref5001414]Proposal 9: AGC settling time with CP-OFDM and random sequence can be as the following values. 
	
	SCS 15 kHz
	SCS 30 kHz
	SCS 60 kHz

	CP-OFDM with 10 RBs
	22 us
	14 us
	8 us

	Random sequence
	3.5 us
	3.5 us
	3.5 us



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: Signals with lower PAPR or constant envelope can effectively reduce AGC settling time.
Proposal 1: NR V2X AGC settling time should be carefully evaluated under CP-OFDM waveform at least.
Proposal 2: RAN4 should not consider maximum signal propagation delay in AGC settling time.
Proposal 3: Only Option 2: at least 10 RBs for all SCSs should be considered in AGC settling time evaluation.
Proposal 4: Time (b) is inversely proportional to SCS with fixed RBs of CP-OFDM signals.
Proposal 5: Time (c) could be less than 1 us.
Proposal 6: Time (d) could be less than 1 us.
Proposal 7: AGC settling time can be less than one half OFDM symbol duration for all SCSs.
Proposal 8: To have better spectral efficiency, shorter AGC settling time should be supported in NR V2X.
Proposal 9: AGC settling time with CP-OFDM and random sequence can be as the following values. 
	
	SCS 15 kHz
	SCS 30 kHz
	SCS 60 kHz

	CP-OFDM with 10 RBs
	22 us
	14 us
	8 us

	Random sequence
	3.5 us
	3.5 us
	3.5 us
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