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1. Introduction
The RAN1 WG started work on the new Rel-16 NR V2X SI with the goal to introduce support of V2X communication technology for NR. RAN1 is discussing the basic physical layer design assumptions and has sent LS to RAN4 to clarify the RF/RRM design assumptions that could be applied to the NR V2X studies [1]. In RAN4 #89, RAN4 replied to RAN1 as follows [2].
RAN4 has replied to RAN1 in April meeting [6] and provided more information in #91 as follows [8]: 
For single CC using CP-OFDM waveform and at least 10 RB allocation the AGC settling time needed is:
· 35 usec for 15 kHz SCS
· 35 usec for 30 kHz SCS
· 18 usec for 60 kHz SCS
RAN4 has not studied the multicarrier cases.
RAN4 has received a new LS from RAN1 [10] on the AGC settling time for V2X side-link.
In the new LS RAN1 respectfully asks RAN4 to provide feedback on the AGC settling time for the reception of PSFCH and the minimum RB size required for it.
[bookmark: _GoBack]This document analyses the AGC settling time for different PSFCH signals

2. Discussion
PSFCH signal waveform

PSFCH signals have low PAPR (Peak to Average Power Ratio) and are generated as described in section 5.2.2 of 38.211 [9]. In this contribution we analyse the AGC settling time for Low-PAPR sequences with length of 12 and 24 mapped on to 1 or 2 RBs.
AGC settling time for PSFCH signal waveform

AGC settling time depends on multiple parameters as described in [5] and most dominant term with narrow band signals like 10RB wide CP-OFDMA signal or 1 to 2 RB wide low PAPR sequence based PSFCH signal as in this contribution is the length of the measurement filter.
In earlier work [5,7] it was concluded that 10, 5 and 2.5us long measurement filter gives sufficiently good measurement accuracy with 10RB wide CP-OFDMA signal with 15, 30 and 60kHz sub-carrier spacing and makes it possible to achieve the AGC settling times as indicated in response to RAN1. The measurement accuracy target that was used was 3dB with confidence level of 99.9%.
Same measurement filter and error target is not used in the following analysis for different PSFCH waveforms.

PSFCH12 in 1 RB

38.211 specifies 30 different PAPR sequences with length of 12. The measurement error with confidence level of 99% with different measurement filter lengths for all these waveforms with SCS of 15kHz are shown in figure below and following observations can be made:
Observation 1: There is a significant variance in the measurement accuracy between the different codes.
Observation 2: With 10us measurement filter about 50% of the codes satisfy the 3dB measurement error target with 15kHz SCS.
Observation 3: Due to properties of OFDMA waveforms 5us long measurement filter gives same performance with 30kHz SCS as 10us long filter with 15kHz SCS.
Observation 4: Due to properties of OFDMA waveforms 2.5us long measurement filter gives same performance with 60kHz SCS as 10us long filter with 15kHz SCS.
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Figure 1. PSFCH12 / 15kHz SCS

PSFCH24 in 2 RB

38.211 specifies 30 different PAPR sequences with length of 24. The measurement error with confidence level of 99% with different measurement filter lengths for all these waveforms with SCS of 15kHz are shown in figure below and following observations can be made:
Observation 5: There is a significant variance in the measurement accuracy between the different codes.
Observation 6: With 10us measurement filter most of the codes satisfy the 3dB measurement error target with 15kHz SCS. The performance of 24 long sequence in 2 RBs is AGC settling vice better than sequence with length of 12 in 1 RB. Observations 3 and 4 apply also for PSFCH24 in 2 RBs.
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Figure 2. PSFCH24 / 15kHz SCS

PSFCH12 interleaved in 2 RB

Analysis was also made for PSFCH12 signals when they are transmitted in 2RBs in interleaved manner, where every second sub-carrier is set to 0. The measurement error with confidence level of 99% with different measurement filter lengths for all these waveforms with SCS of 15kHz are shown in figure below and following observations can be made:
Observation 7: With 10us long measurement filter all codes, but 2 satisfy the 3dB measurement error target with 15kHz SCS. The performance of 12 long interleaved sequence in 2 RBs is better than sequence with length of 24 in 2 RBs. Observations 3 and 4 apply also for PSFCH12 interleaved into 2 RBs.
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Figure 3. PSFCH12 Interleaved / 15kHz SCS
The generation of the low PAPR waveform that are used for PSFCH allow cyclic shifts to be used. The figure below shows the measurement error with 10us long filter with different cyclic shifts applied [0x pi/6, 1x pi/6, 2x pi/6, 3x pi/6, 4x pi/6, 5x pi/6].
Observation 8: Cyclic shifts have impact on time domain waveform of the signal and therefore also influence the measurement error. However, all simulated signals behave in similar manner and there are no major differences between them.
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Figure 4. PSFCH12 Interleaved with different cyclic shifts/ 15kHz SCS

PSFCH6 interleaved in 1 RB

Analysis was also made for PSFCH6 signals when they are transmitted in 1RBs in interleaved manner, where every second sub-carrier is set to 0. The measurement error with confidence level of 99% with different measurement filter lengths for all these waveforms with SCS of 15kHz are shown in figure below and following observations can be made:
Observation 9: Measurement error with interleaved PSFCH6 signal is not satisfying the 3dB target. Moreover, the performance of interleaved PSFCH6 signal is measurement error vice worse than PSFCH12 signal when transmitted in 1 RB.
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Figure 5. PSFCH6 Interleaved with different cyclic shifts/ 15kHz SCS

3. Conclusion
In this contribution the measurement filter duration needed to meet the sufficient measurement accuracy for AGC with different PSFCH signals transmitted in 1 or 2 RBs and AGC settling time needed is analysed.
The studied PSFCH waveforms were
· PSFCH12 transmitted in 1 RB
· PSFCH24 transmitted in 2 RB2s
· PSFCH12 transmitted in interleaved manner in 2 RBs
· PSFCH6 transmitted in interleaved manner in 1 RB
and following observations were made:
PSFCH12 transmitted in 1 RB
Observation 1: There is a significant variance in the measurement accuracy between the different codes.
Observation 2: With 10us measurement filter about 50% of the codes satisfy the 3dB measurement error target with 15kHz SCS.
Observation 3: Due to properties of OFDMA waveforms 5us long measurement filter gives same performance with 30kHz SCS as 10us long filter with 15kHz SCS.
Observation 4: Due to properties of OFDMA waveforms 2.5us long measurement filter gives same performance with 60kHz SCS as 10us long filter with 15kHz SCS.
PSFCH24 transmitted in 2 RBs
Observation 5: There is a significant variance in the measurement accuracy between the different codes.
Observation 6: With 10us measurement filter most of the codes satisfy the 3dB measurement error target with 15kHz SCS. The performance of 24 long sequence in 2 RBs is AGC settling vice better than sequence with length of 12 in 1 RB. Observations 3 and 4 apply also for PSFCH24 in 2 RBs.
PSFCH12 transmitted in interleaved manner in 2 RBs 
Observation 7: With 10us long measurement filter all codes, but 2 satisfy the 3dB measurement error target with 15kHz SCS. The performance of 12 long interleaved sequence in 2RBs is better than sequence with length of 24 in 2 RBs. Observations 3 and 4 apply also for PSFCH12 interleaved into 2 RBs.
Observation 8: Cyclic shifts have impact on time domain waveform of the signal and therefore also influence the measurement error. However, all simulated signals behave in similar manner and there are no major differences between them.
PSFCH6 transmitted in interleaved manner in 1 RBs 

Observation 9: Measurement error with interleaved PSFCH6 signal is not satisfying the 3dB target. Moreover, the performance of interleaved PSFCH6 signal is measurement error vice worse than PSFCH12 signal when transmitted in 1 RB.

The example formula for estimating the duration of the AGC sequence was presented in [5]. With 2us assumption for AGC controlling time, 2us time for gain settling and 10, 5 and 2.5us measurement filter durations, as shown in this contribution, the typical AGC setting times for 15, 30 and 60kHz SCS would be:
TYP = 2 x (10+2+2) us = 2 x 14us  =      28us for 15kHz SCS
TYP =2 x (   5+2+2) us = 2 x 9us  =        18us for 30kHz SCS
TYP =2 x (   2.5+2+2) us = 2 x 6.5us =    13us for 60kHz SCS

Conclusion 1: Based on the simulation results shown the AGC settling time with PSFC signals occupying 2 RBs can be similar to time required with 10RB wide CP-OFDM waveform. PSFCH12 transmitted in interleaved manner in 2 RBs provides AGC vice better performance than PSFC24 transmitted in 2 RBs.
It’s also proposed that RAN4 would respond to LS from RAN1 on this matter. Text proposal for reply LS is shown below.

RAN4 has studied the AGC settling time for PSFCH signals generated from low PAPR sequences with length of 6, 12 and 24, which are transmitted in 1 or 2 RBs. The results indicate that AGC settling time similar to 10RB wide CP-OFDMA signal can be achieved with PSFCH signals that are 2 RBs wide.
· AGC settling time for PSFCH can be:
· For single CC using PSFCH sequences transmitted in 2 RBs
·  35 usec for 15 kHz SCS
·  35 usec for 30 kHz SCS
·  18 usec for 60 kHz SCS
· PSFCH12 transmitted in interleaved manner in 2 RBs provides AGC vice better performance than PSFC24 transmitted in 2 RBs.
· RAN4 has not studied the multicarrier cases.
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