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1. Introduction
In RAN-1 #94 meeting, the summary of AI relevant to Uu-based sidelink resource allocation/ configuration in NR-V2X has been agreed [1], as follows:
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In this contribution, we try to enhance the Uu-based sidelink dynamic resource allocation mechanism and propose sidelink bi-mode transmission in NR-V2X.
2. General Descriptions
LTE-V2X utilizes single-carrier frequency-division multiple access, and supports 10 and 20MHz channels. Each subchannel consists of physical sidelink control channel (PSCCH) and physical sidelink shared channel (PSSCH), whereby a transport block (TB) is transmitted based on either mode-3 or mode-4 mechanism. In mode 3, the cellular network selects and manages the radio resources used by vehicles for their direct V2X communications. Thus, Mode 3 is only available when vehicles are under cellular coverage. In mode 4, in contrast, vehicles autonomously select the radio resources based on the distributed scheduling protocol (sensing-based semi-persistent scheduling) for their direct V2X communications, so that the collision between PSSCHs inevitably occurs. Mode 4 can operate without cellular coverage.
Technical report (TR) [2] defines different V2X scenarios, requiring the transport of V2X messages with different performance requirements for the 3GPP system. Four use case groups, such as vehicle platooning, advanced driving, extended sensors, and remote driving, corresponding to 25 use cases for advanced V2X services, are described with stringent requirements such as, the maximum end-to-end latency of 3-10ms, the reliability of 99.99-99.999%, the data rate of 25-1000Mbps, and the minimum required communication range of 80-1000meters.
In NR-V2X, thus, we have to seriously think of the tradeoff when we implement these two modes under the consideration of the stringent latency and reliability. With regard to the latency required by mode-1, the contribution [3] indicated that mode-1 transmission offers a fairly reliable channel condition, but its latency due to Uu link procedure could reach 17.5ms if LTE-V2X is involved, and 4.5ms if NR Uu controlled NR-V2X is involved. With regard to the reliability offered by mode-2, on the other hand, the contribution [4] indicated that mode-2 transmission offers a quick delivery opportunity, but its packet reception ratio (PRR) is pretty poor and, thus unable to fulfill the stringent requirement. The performance behavior of mode-4 is consistent, regardless of the distance between the vehicles UEs due to the collision inevitably occurring between the packets.
Observation-1: Mode-1 ensures higher reliability but with longer latency, while mode-2 offers quicker delivery opportunity but with poorer reliability; both are not able to fulfill the stringent requirements.
Proposal-1: In NR-V2X, a new allocation mechanism, considering both mode-1 and mode-2, should be taken into account in order to fulfill the stringent requirements.
3. Sidelink Bi-mode Transmission in NR-V2X
In sidelink transmission, the data is transmitted in TB over PSSCH, and the sidelink control information (SCI) message is transmitted over PSCCH. A vehicle UE that wants to transmit a TB must transmit its associated SCI, which is also referred to as a scheduling assignment. The SCI includes the information of the modulation and coding scheme (MCS), the RBs, the resource reservation interval for semi-persistent scheduling (SPS), and so forth. Therefore, we believe that the correct SCI reception is most important for sidelink based NR-V2X.

In Annex-A, we discuss the performance evaluation related to SCI block error ratio (BLER) in fading channel. It is observed that the BLER of 
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 antenna configuration. Therefore, we believe that in most cases, the BLER performance of PSCCH is not worse than that of PUCCH on Uu-link, and gNB enables to correctly detect the SCI if the NR-V2X transmission is performed under the cellular coverage.
Observation-2: gNB enables to correctly detect the SCI if the NR-V2X transmission is performed under the cellular coverage.
In this contribution, we consider the sidelink bi-mode transmission for NR-V2X under the cellular coverage. The main purpose to consider the bi-mode transmission is to fulfill the requirement in terms of both stringent latency and reliability simultaneously; namely, mode-2 is utilized to resolve the latency issue, while mode-1 is to resolve the reliability issue.
For the sake of simplicity but without loss of generality, the system only consists of gNB, Vehicle-1 (V1) and Vehicle-2 (V2), where a unicast transmission occurs from Vehicle-1 to Vehicle-2. This scenario, however, can be simply extended to either sidelink groupcast or multicast, serving multiple vehicle UEs. The sidelink bi-mode transmission is illustrated in Figure 1 once the data packet arrives with the stringent requirement, and its procedure is described as follows:
· In Phase-1, Vehicle-1 transmits the SCI message over PSCCH and its associated TB over PSSCH, to Vehicle-2 through PC5 link, immediately once the packet arrives, based on the procedure of mode 2, as an initial transmission. This process enables the sidelink transmission with very low latency, but fairly poor reliability, due to the inevitable channel collision. Both Vehicle-2 and gNB decode the data packet received from the sub-channels, according to the order of SCI and then associated TB. 
· In Phase-2, gNB, based on the reception status, transmits the PDCCH using DCI to inform the exact sub-channel information to Vehicle-1, and grant for its mode-1 based repetition.
· In Phase-3, Vehicle-1, relying on the received DCI information, transmits the SCI message over PSCCH and its associated TB over PSSCH, to Vehicle-2 for its repetition through mode-1 based PC5 link.
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Figure 1: The proposed sidelink bi-mode NR-V2X transmission.
The transition diagram for bi-mode V2X transmission is depicted in Figure 2.
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Figure 2: Transition diagram for sidelink bi-mode NR-V2X transmission.
It should be noted that gNB, depending on the gNB reception status, can flexibly control the mode-1 based V2X transmission in Phase-2 and Phase-3. This means that if gNB detects the current sidelink with good enough condition, the DCI transmission and the mode-1 based repetition may not be necessarily performed.
As a consequence, we believe, there are several attributes for the proposed scheme as follows:

· The mode-2 based sidelink initial transmission in Phase-1 can realize a very short transmission latency (e.g., target for 3ms latency), and meanwhile guarantee the somewhat reliability (e.g., 90% PRR).
· Unlike LTE-V2X mode-1 [3], gNB enables to send a DCI in Phase-2 as a grant to inform the exact sub-channel information after the PSCCH detection, so that the latency of mode-1 in repetition can be significantly reduced. This ensures the overall system latency.
· In addition to the mode-2 based sidelink initial transmission in Phase-1, the mode-1 based sidelink repetition transmission in Phase-3, fully controlled by gNB, guarantees the stringent reliability (e.g., 99.999%).
· With the mode-2 based sidelink initial transmission, the BLER, in general, can be kept low enough (e.g., 5-10% BLER), as a coarse transmission. This significantly reduces the necessity of the mode-1 based sidelink repetition, so as to ensure the overall performance in terms of low latency, high reliability, and high channel efficiency.
Proposal-2: gNB has the capability to monitor the sidelink mode-2 based initial transmission, detect at least the associated SCI, and control the sidelink mode-1 based repetition.
4. Conclusion
In this contribution, we have analyzed the performance evaluation associated with PSCCH. Then, we have proposed the sidelink bi-mode transmission for NR-V2X under the cellular coverage. The bi-mode transmission is able to fulfill the requirement in terms of both stringent latency and reliability. The following observations and proposals should be taken into account.
Observation-1: Mode-1 ensures higher reliability but with longer latency, while mode-2 offers quicker delivery opportunity but with poorer reliability; both are not able to fulfill the stringent requirements.

Proposal-1: In NR-V2X, a new allocation mechanism, considering both mode-1 and mode-2, should be taken into account in order to fulfill the stringent requirements.

Observation-2: gNB enables to correctly detect the SCI if the NR-V2X transmission is performed under the cellular coverage.

Proposal-2: gNB has the capability to monitor the sidelink mode-2 based initial transmission, detect at least the associated SCI, and control the sidelink mode-1 based repetition.
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Annex-A

A PSCCH is formed by two contiguous resource blocks (RBs), and transmitted either with adjacent PSCCH+PSSCH scheme or non-adjacent PSCCH+PSSCH scheme. Here, we evaluate the BLER performance under the assumption of parameters, listed in Table 1.
Table 1: Parameters for PSCCH evaluation.
	Parameters
	Values

	Carrier frequency
	5.9 GHz

	Bandwidth
	10MHz (sampling frequency = 15.36MHz)

	V2X message packet size
	48 bits including CRC bits

	PSCCH Resource
	2RBs

	Packet modulation/coding
	QPSK, Polar coding, with code rate of 1/10 (=1/8 after puncture)

	DMRS pattern
	4 Symbols

	Antenna configurations
	1 TX antenna and 2/4 RX antennas

	Channel model
	TDL-B, DS=300ns

	Velocity for vehicle TX UE and RX UE
	70km/h

	Frequency offsets
	0 Hz

	Channel estimation method
	LMMSE channel estimator

	Punctured symbols
	The first symbol for AGC and the last symbol for guard time within a subframe.


Figure 3 shows the BLER as a function of SNR, for PSCCH, in 
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Figure 3: BLER as a function of SNR, for PSCCH, in 1x2 and 1x4 antenna configuration.
Study at least the following NR sidelink resource allocation techniques:


Dynamic resource allocation


Activation/deactivation based


E.g., semi-persistent scheduling allocation or NR grant free type-2


RRC (pre-)configured


E.g., configured NR grant type-1, UE autonomous selection of resource(s) from resources configured by RRC


RAN1 will study the level of network control, e.g., whether the UE may select other parameters (e.g., MCS) and/or the exact transmission resources, and whether the selection is autonomous or not
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