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1 Introduction

During the SI phase [1] of NR V2X, sidelink physical channel and signaling structures have been discussed. Regarding ACG, the following agreements and working assumption were made.
	Agreements:

Agree the following assumptions as tentative assumptions for the simulation at least till RAN1#94bis

· 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
Working assumption:

· For RAN1 evaluation purpose only, until RAN4 response on AGC and switching time, it is assumed that one symbol is used for AGC and another one symbol is used for TX/RX switching.

Note: TX/RX switching includes transition in the power amplifier.


In this contribution, we provide our evaluation results and views on AGC for sidelink communications. This is a revision of R1-1904429.
2 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.  
Observation 1: It takes time to perform AGC.
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Figure 3: Illustration of Uu link
As shown in Figure 3, 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. 
Observation 2: Uu operation does not have large impact from AGC.
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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] .

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.
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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.
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.
3 Evaluations
RAN1 decided to assume 15 us for AGC in FR1 and 10 us for AGC in FR2 while RAN4 is still discussing the proper AGC duration assumption. During AGC settling time, received samples cannot be used for decoding the received signals. Therefore, it would have the same effect as puncturing of a part of the transmitted signal. For the purpose of AGC at the UE side, preamble can be helpful even it occupies some resources to be used for data transmission. To see the effect of the preamble for AGC, LLS is performed with the below structures.
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Figure 1: 14-symbol PSSCH without AGC preamble and 13-symbol PSSCH with 1-symbol AGC preamble
As shown in Fig. 9, we compared the performance whether 1-symbol preamble for AGC is used or not. The performance has been evaluated with Urban NLOS CDL channel model agreed in [6], 10 MHz bandwidth, 6 GHz center frequency, velocity of 100 km/h, 2 Tx and 1 Rx antennas, CP-OFDM based PSSCH structure like PDSCH mapping type A in Rel-15 NR with two-symbol DMRS, IR HARQ, wideband precoding and MMSE receiver, where can be seen in Annex A. 
The evaluations for AGC in this contribution are performed with the following evaluation assumptions. 
	Parameter
	Assumption

	Carrier frequency
	6 GHz

	System bandwidth
	10 MHz

	Waveform
	CP-OFDM (PSSCH)

	UE speed
	100 km/h

	Channel model
	Urban NLOS CDL [6]

	Modulation and code rate
	Link adaptation with MCS table 1 in NR

	Antenna configuration
	2 Tx, 1 Rx

	Rank adaptation
	Fixed as 1

	HARQ
	IR

	Subcarrier spacing/CP length
	15/30/60 kHz with CP length defined in Rel-15 NR

	Channel code
	LDPC defined in Rel-15 NR

	Receiver type
	MMSE-IRC

	Channel estimation
	Ideal 

	Frequency/timing error
	0 Hz/0 us

	Subband precoding 
	No (wideband precoding)

	AGC
	0 us / 15 us


For the option ‘15us w/o preamble’, it is assumed that PSSCH is mapped to the first OFDM symbol but is punctured at receiver in the simulation due to AGC settling time. 
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Figure 10: LLS results for AGC effect for various SCSs
As it can be observed, there is severe performance degradation without AGC preamble since decoding of PSSCH would be failed when 15 us duration of the first symbol of PSSCH is used for AGC and those samples are not used for decoding. For high SNR regime, it is likely that higher MCS might be chosen and then, higher TBS would be used. In such a case, more samples of the first code block of the transport block cannot be used due to AGC settling. This results in more degradation in spectral efficiency.  
On the other hand, if there is 1-symbol preamble for the purpose of AGC, it can be seen that spectral efficiency becomes about 11/12 of the performance of PSSCH with 14-symbol because 2 symbols are used for DMRS. Nevertheless, much higher spectral efficiency can be achieved than the case without preamble. 
Throughout this evaluation, it is observed that the preamble is beneficial for NR V2X scenarios. The next step would be when/how to use the preamble and how many symbols are needed for AGC in each SCS.

Observation 6: The effect of performing AGC during reception of PSCCH/PSSCH is not ignorable and it is observed that the preamble is beneficial for NR V2X scenarios.
Proposal 1: Support AGC preamble before sidelink transmission. Study when/how to use the preamble for NR V2X according to PHY channel structures.
4 Conclusions
In this contribution, we provide our views on AGC for NR sidelink. We make the following observations and proposals 
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.
Observation 6: The effect of performing AGC during reception of PSCCH/PSSCH is not ignorable and it is observed that the preamble is beneficial for NR V2X scenarios.
Proposal 1: Support AGC preamble before sidelink transmission. Study when/how to use the preamble for NR V2X according to PHY channel structures.
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