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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 send 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 promised to further study if
· If shorter AGC time is achievable including the case with 15 kHz SCS
· Validity of the NR UL IBE model for V2X SL
and inform RAN1 on final conclusions.
This topic was further analysed in RAN4#90 and RAN4#90bis meeting [3,4,5] and response LS was sent to RAN1 to inform RAN1 on status of the RAN4 analysis [6].
When it comes to AGC settling time no consensus was reached as there are still different views on implementation of the UE receiver, which may also impact the AGC capabilities of the solution. Despite these uncertainties two different views was formed.
1.) AGC setting time:  35us for all SCS 
2.) AGC setting time: 
a.  35us for 15kHz  SCS
b.  18us for 30kHz SCS
c.  9us for 60kHz SCS
In this document we try to provide more details on possible UE implementations and how different choices that are made may impact the AGC setting time.

2. Discussion
AGC settling time

AGC settling time can be expressed with the following components as described in [5]
AGC setting time =a+b+c+d, where 
· a = time offset from the start of the OFDM symbol to account for maximum signal propagation delay from different UEs
· Not included into this analysis
· b = time to receive the window of samples used for estimating the gain/power
· 10, 5 and 2.5us for 15, 30 and 60kHz SCS respectively for ~3dB accuracy with 99.9% confidence using signal with10RBs in minimum [5]
· c = time for estimating and programming the desired gain setting
· Was estimated to be zero in [5], but further analysis done here to analyse the impacts of UE implementation related aspects
· d= time for the gain setting taking into effect
· d is estimated to be 2us and most of this time is taken by the settling time for filter impulse responses of the filters (analog and digital) in the receive chain.
Depending on the receiver implementation the AGC algorithm may need to make few iterations in order to find the right gain value if receiver dynamic range is limited. This means that steps b, c and d may need to be executed more than once but usually no more than 2-3 times.
Assuming that wide dynamic range ADC is used in the receiver the AGC algorithm should be able to find the right gain setting with 2 iterations only in most cases, while 3 iterations may still be needed in some worst case scenarios. Therefore typical AGC setting times are calculated here by using N=2.
With the above mentioned assumptions the AGC setting time can be expressed as follows:
AGC setting time = a + N x (b+c+d) = a + 2 x ([10 , 5 , 2.5]+c+2) us
During the ad-hoc discussions companies were raising concerns linked with close to 0us time assumed for programming of the desired gains as this may take longer time in real implementation in the case of the receiver being partitioned in a way that some part(s) of the receive chain need to be controlled over serial interface and/or in the case that more than one RX-chain is operated (like in MiMo case). Potential block diagram of such implementation is shown in Figure 1. below.

[image: ]
Figure 1. Receiver implementation with multiple RFFE parts being controlled through serial interface.
One of the commonly used interface for above mentioned configuration is Mipi RFFE bus. While other kind of solutions are also possible the following analysis is done using assumptions that are based on RFFE performance.
The clock speed of the bus is typically 26MHz, but also higher frequencies area possible. With 26MHz clock speed it takes about 1us to send a message over the bus. With 52MHz clock speed, which can also be used, this time goes down to 0.5us. 52MHz assumption is used as AGC is often timing critical function and therefore fastest possible speed should be used.
Assuming that four different devices need to be controlled over the same bus the total time to send the needed control messages is 2us. It’s also possible that more than one message needs to be sent to each device to make the needed gain adjustment, but such implementation is not suitable for solution where fast AGC is needed and hence this scenario is excluded here.
With 2us assumption for time c the maximum required AGC setting times for 15, 30 and 60kHz SCS with 10RB signal get:
a. TYP = 2 x (10+2+2) us = 2 x 14us  = 28us for 15kHz SCS (WC= 3 x 14= 42us)
b. TYP =2 x (   5+2+2) us = 2 x 9us    = 18us for 30kHz SCS (WC= 3 x    9= 27us)
c. TYP =2 x (2.5+2+2) us = 2 x 6.5us = 13us for 60kHz SCS (WC= 3 x 6.5= 19.5us)

Although AGC control time of 2us is used in this analysis it’s worth noting that a solution that is optimized for “per-packet AGC, which is needed for V2X side-link” should always have hard wired signal for RFFE control and in such configuration the delay linked with controlling becomes again 0us and the AGC setting times become:
a. TYP = 2 x (10+0+2) us = 2 x 10us  = 24us for 15kHz SCS (WC= 3 x 12= 36us)
b. TYP =2 x (   5+0+2) us = 2 x 7us    = 14us for 30kHz SCS (WC= 3 x   7= 21us)
c. TYP =2 x (2.5+0+2) us = 2 x 4.5us = 9us   for 60kHz SCS (WC= 3 x 4.5= 13.5us)

3. Conclusion
AGC setting time was estimated for a receiver solution that includes several part that are connected together with serial bus and that includes multiple receive chains (line in MiMo). In such configuration the AGC control time was estimated to be 2us.
With 2us assumption for time c the maximum required AGC setting times for 15, 30 and 60kHz SCS with 10RB signal get:
a. TYP = 2 x (10+2+2) us = 2 x 14us  = 28us for 15kHz SCS (WC= 3 x 14= 42us)
b. TYP =2 x (   5+2+2) us = 2 x 9us    = 18us for 30kHz SCS (WC= 3 x    9= 27us)
c. TYP =2 x (2.5+2+2) us = 2 x 6.5us = 13us for 60kHz SCS (WC= 3 x 6.5= 19.5us)
Although AGC control time of 2us is used in this analysis it’s worth noting that a solution that is optimized for “per-packet AGC, which is needed for V2X side-link” should always have hard wired signal for RFFE control and in such configuration the delay linked with controlling becomes again 0us and the AGC setting times become:
a. TYP = 2 x (10+0+2) us = 2 x 10us  = 24us for 15kHz SCS (WC= 3 x 12= 36us)
b. TYP =2 x (   5+0+2) us = 2 x 7us    = 14us for 30kHz SCS (WC= 3 x   7= 21us)
c. TYP =2 x (2.5+0+2) us = 2 x 4.5us = 9us   for 60kHz SCS (WC= 3 x 4.5= 13.5us)
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