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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 send LS to RAN4 to clarify the RRM design assumptions that could be applied to the NR V2X studies [1]. In particular, RAN1 asks RAN4 to confirm the validity of the evaluation assumptions or provide guidance on appropriate values for:
· AGC settling time.
· TX/RX switching time
· Timing error between a UE and its synchronization reference.
· Frequency error between a UE and its synchronization reference.
In the reply LS [2], RAN4 provides the answers to above values as follows:
	Answer 1: The below RF/RRM parameters are recommended for NR V2X evaluation in RAN1
· AGC settling time
· At least AGC settling time = 1 OFDM symbol for 15 kHz SCS is feasible. 
· RAN4 will further study if smaller AGC time is achievable incl. 15 kHz SCS.
· TX/RX switching time
· FR1: 13 us
· FR2: 7us 
· Timing error between a UE and its synchronization reference.
· FR1: 
· gNB synchronization reference source: reuse NR UE UL transmission timing error defined in Table 7.1.2-1 in TS38.133
· GNSS synchronization reference source: FFS
· NR UE synchronization reference source: FFS
· FR2: FFS 
For the case of NR V2X UE synchronization reference source, RAN4 needs inputs on the RAN1 physical layer design before the Timing and Frequency errors can be estimated



In this contribution we provide further discussion on the NR V2X AGC settling time and timing error .
Discussion
AGC settling time
In LTE V2X, the assumptions on AGC design are as follows: 
· UE employs an AGC implementation based on energy estimation in time domain
· AGC estimation is done separately for each RX subframe
· AGC settling time is one LTE symbol (up to 70us) [3].
For the design of AGC settling time, we think it should include the following components:
(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 [3]. Our simulation results show that for 10 MHz system, roughly 10us window of samples is sufficient to estimate the energy of the signal with high accuracy. Figure 1 plots 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). Results are shown for CP-OFDM signal with QPSK modulation without additive noise and with full channel bandwidth source allocation.
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Figure 2: Probability that energy estimate is out of 3dB threshold as compared with true energy.
For (c)+(d), the time for programming the AGC gain plus the time for applying the gain, it eventually depends on UE implementation. It could include the latency time in which signals pass from antenna to Digital RF which can depend on CBW/SCS. It also includes the AGC gain calculation time in firmware. The latter one may have different implementations and potentially may depend on the number of carriers, number of Rx chains and other factors.
Thus the AGC settling time depends on SCS, signal bandwidth, number of Rx, and number of carriers. Same time, using different AGC settling time values for different scenarios may complicate the V2X system design and we recommend using a single values which would allow sufficient AGC accuracy under various target uses cases. Based on our assessment the worst case AGC settling time corresponding to the case of 4 CC x 10 MHz BW, 4 R is ~35us which is roughly aligned with a single symbol duration for 30kHz SCS.
Observation #1: Depending on implementation AGC settling time may depend on such factors as CBW, number of Rx chains, and number of CCs.
Proposal #1:	For NR V2X, the AGC settling time for FR1 shall be at least 35us.
Timing error
The timing error requirement can be different in NR V2X provided different synchronization reference sources. In V2X content, there are three types of synchronization reference sources, i.e., gNB, GNSS, and Sync Ref UE (although the exact synch reference sources are not yet decided by RAN1, we assume that at least the same set of sources as in LTE can be anticipated).
For gNB based synchronization, the UL timing error defined in TS 38.133 section 7.1.2 can be reused. The detailed requirement is duplicated in Table 2. 
[bookmark: _Ref525840901]Table 2: Timing error limit for gNB based synchronization
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of sidelink signals (KHz)
	Te
	Te, [µs]

	1
	15
	15
	12*64*Tc
	0.390

	
	
	30
	10*64*Tc
	0.325

	
	
	60
	10*64*Tc
	0.325

	
	30
	15
	8*64*Tc
	0.260

	
	
	30
	8*64*Tc
	0.260

	
	
	60
	7*64*Tc
	0.228

	2
	120
	60
	3.5*64*Tc
	0.113

	
	
	120
	3.5*64*Tc
	0.113

	
	240
	60
	3*64*Tc
	0.098

	
	
	120
	3*64*Tc
	0.098

	NOTE 1: Tc is the basic timing unit defined in TS 38.211



For Sync Ref UE synchronization case the timing accuracy will depend on the eventual on NR V2X physical layer design which is not yet complete in RAN1. Therefore the achievable accuracy cannot be assessed. 
For GNSS based synchronization, the values assumed for the LTE analysis could be reused for FR1 (i.e. [12]*64*Tc). For FR2, in general case similar timing accuracy values could apply. Same time, “12*64*Tc” timing accuracy may be insufficient for FR2 operation and will cause asynchronous operation due to short OFDM symbol duration and CP (~18*64*Tc for 120 kHz SCS). The “12*64*Tc” GNSS accuracy for LTE was defined under assumption of weak RF conditions. Assuming good RF conditions and dual frequency GNSS receivers it is possible to achieve ±3.5 Ts timing accuracy (i.e. align with FR2 UL timing accuracy). However, it is questionable whether good conditions can be always guaranteed and, hence, the corresponding timing error may not be achievable all the time. So, it is not recommended to mandate UE to meet such tight requirements all the time. In case GNSS based synchronization is planned to be used in FR2 further analysis of the timing accuracy requirements is needed including implication on physical structure.
Proposal #2:	Inform RAN1 on the following NR V2X timing error assumptions: 
· gNB synchronization source: Reuse UL timing accuracy defined in TR 38.133 for FR2
· GNSS synchronization source: 
· Timing accuracy depends on the RF conditions and receiver type
· The timing accuracy can be in the range from 12*64*Tc (in weak conditions) to 3.5*64*Tc (in good conditions)
· For FR1 ±12*64*Tc is recommended
Conclusions
In this contribution we provided the views on the feasible UE RRM characteristics for NR V2X. In summary we make the following proposals:
Observation #1: Depending on implementation AGC settling time may depend on such factors as CBW, number of Rx chains, and number of CCs.
Proposal #1:	For NR V2X, the AGC settling time for FR1 shall be at least 35us.
Proposal #2:	Inform RAN1 on the following NR V2X timing error assumptions: 
· gNB synchronization source: Reuse UL timing accuracy defined in TR 38.133 for FR2
· GNSS synchronization source: 
· Timing accuracy depends on the RF conditions and receiver type
· The timing accuracy can be in the range from 12*64*Tc (in weak conditions) to 3.5*64*Tc (in good conditions)
· For FR1 ±12*64*Tc is recommended
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