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Introduction
This contribution discusses automatic gain control (AGC) settling issue for NR sidelink and its impact on NR sidelink operation.

Discussion 
Automatic gain control (AGC) for a receiver to control the power range of received signals according to dynamic range of its amplifier is one of the crucial parts in receivers for wireless communications. The following Figure 1 illustrates an example of receiver structure including variable gain amplifier, power detector, and AGC part. 
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Figure 1: Example of receiver structure
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Figure 2: Illustration of AGC settling time


Without help of AGC, the receiver cannot fully utilize amplifier because the received power fluctuates dynamically. For example, if the received power is too large, then the output of the amplifier should be saturated and truncated. When performing AGC, it should take time to fit the amplified power level into the dynamic range as shown in Figure 2. During this settling time, the received signal cannot be used for data transmission and other purposes because magnitude and phase are distorted.  
[bookmark: _Ref521434626]Observation 1: It takes time to perform AGC.

Automatic gain control for NR Uu
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Figure 3: Illustration of Uu link
As shown in Figure 23, a UE receives and transmits physical channels and signals from/to gNB for Uu operations. In this case, the UE continuously tracks the received power level from the gNB. Therefore, the AGC settling would not occur frequently and the effect of AGC settling would be ignorable. 
[bookmark: _Ref521434629]Observation 2: Uu operation does not have large impact from AGC.

Automatic gain control for LTE sidelink 
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Figure 4: Illustration of sidelink communications
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Figure 5: 14 symbol TTI and AGC settling time


	Different from Uu operations, a UE will receive signals via sidelink from various transmission points as shown in Figure 4. The UE cannot anticipate from which transmission point it would receive a signal in the next TTI. This characteristic of sidelink makes it hard to perform AGC quickly. However, LTE D2D and V2X support up to 16 QAM before Rel-15 V2X Phase 2. A receiver can be implemented by using course AGC. In addition, short TTI, which is less than 1 ms TTI, is not applied to LTE sidelink. Therefore, the settling time would not have large impact since TTI length is long relatively to AGC settling time. Therefore, the design of LTE sidelink physical channels and signals did not consider AGC settling time despite the sidelink characteristic having multiple candidate transmitters [1, 2] .
[bookmark: _Ref521434632]Observation 3: Sidelink operations may have large impact from AGC due to multiple candidate transmitters.
[bookmark: _Ref521434635]Observation 4: LTE sidelink supports long TTI length and low modulation order, which lowers AGC impacts.

Automatic gain control for NR sidelink 
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Figure 6: Large impact of AGC settling time due to short TTI and large subcarrier spacing
	Compared to LTE sidelink, it is expected that NR sidelink would support much shorter TTI than 1 ms, large subcarrier spacing, and higher modulation order to achieve higher reliability and lower latency required for advanced V2X services.  Table 1 shows a part of TTI lenghs that NR Phase 1 supports. 
Table 1: TTI lengths supported for NR Phase 1
	Subcarrier spacing
	TTI length for 14 symbols
	TTI length for 2 symbols

	15 kHz
	1 ms
	0.143 ms

	30 kHz
	0.5 ms
	0.071 ms

	60 kHz
	0.25 ms
	0.036 ms

	120 kHz
	0.125 ms
	0.018 ms


Note: When considering 2-symbol TTI with 60 kHz subcarrier spacing, it is 1/28 of 1 ms, it is too short to get impacted by performing AGC. Moreover, it is also expected that NR V2X supports 64 QAM, or more. This enforces NR V2X receivers to have finer AGC than LTE V2X receivers.
[bookmark: _Ref521434637]Observation 5: NR V2X may have critical impact from AGC due to much shorter TTI, larger subcarrier spacing, and higher modulation order than LTE V2X.

Modelling of AGC settling for evaluation 
As explained in the above, RAN1 should study AGC impact on NR V2X performance and if it is critical, how to consider it in design of physical channels and signals needs to be studied. So far, how to model AGC has not been studied. Even though it is well known that magnitude and phase of the received signal are distorted before AGC settling, it has not studied how much the magnitude and phase of the received signal are distorted. There are some candidate methods to model the received signal before AGC settling: 1) assume no useful signal which is the same as puncturing and 2) linearly converging magnitude and random phase distortion. 
[bookmark: _Ref521434642]Proposal 1: RAN1 studies how to model AGC settling to investigate its impact on NR V2X performance.

Conclusions
This contribution considered aspects for AGC in NR sidelink and the followings are observed and proposed
Observation 1: It takes time to perform AGC.
Observation 2: Uu operation does not have large impact from AGC.
Observation 3: Sidelink operations may have large impact from AGC due to multiple candidate transmitters.
Observation 4: LTE sidelink supports long TTI length and low modulation order, which lowers AGC impacts.
Observation 5: NR V2X may have critical impact from AGC due to much shorter TTI, larger subcarrier spacing, and higher modulation order than LTE V2X.
Proposal 1: RAN1 studies how to model AGC settling to investigate its impact on NR V2X performance.
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