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Introduction
V2X phase 1 standardization was conducted to provide LTE (Rel-14)-based V2X services. The V2X phase 1 can be divided into two work items (WIs): a WI that developed a standard on support of V2V services and a WI that enhanced the standard focusing on additional V2X operation scenarios by leveraging the cellular infrastructure (LTE Uu link). These two WIs that were respectively completed in September 2016 and March 2017 finally delivered the LTE V2X standard that supports a basic set of requirements for the basic road safety V2X services described in TR 22.885.
To enhance 3GPP V2X service support, SA1 conducted Study Item (SI) (FS_eV2X) and WI (eV2X), and completed the definition of eV2X services. The advanced V2X service includes 25 use cases that can be categorized into four use case groups: vehicles platooning, extended sensors, advanced driving and remote driving. The consolidated requirements for each use case group are captured in TR 22.886 and a set of the normative requirements is defined in TS 22.186.
V2X phase 2 standardization was conducted to introduce several new features for sidelink, including carrier aggregation, high order modulation, latency reduction, and feasibility study on both transmission diversity and short TTI in sidelink. All these enhanced features in 3GPP V2X phase 2 are primary based on Rel-15 LTE and require co-existing with Rel-14 UE in same resource pool.
In the 3GPP RAN#80 meeting [1], a new SI for NR V2X standardization (V2X phase 3) was approved, and it was decided that RAN1# 94 meeting starts its first meeting. NR V2X will be designed to support advanced V2X services in addition to the services supported by LTE V2X. In other words, NR V2X is complementary to LTE V2X, not a replacement of it, and support interworking with LTE V2X. In order to meet the stringent requirements of advanced V2X services using NR system, it is necessary to first introduce NR sidelink, and it is expected that the LTE sidelink and its previous standardization activities could be a very good reference that could give valuable insights into the NR sidelink design.
In this contribution, we would like to discuss NR V2X sidelink design as follows:
· NR sidelink waveform
· NR sidelink transmission with multi-beam operations
· NR sidelink design under different numerologies
· Subchannelization of NR sidelink

Discussion
Overview of LTE sidelink
As summarized in Table 1, LTE supports several physical channels and signals for sidelink operation. Transport blocks (TBs) are transmitted over PSSCH, and PSCCH is responsible for transmission of sidelink control information (SCI) messages. PSDCH is used for sidelink discovery procedure used by a UE supporting sidelink discovery to discover other UE(s) in its proximity, using E-UTRA direct radio signals via PC5. Sidelink discovery is supported both when UE is served by E-UTRAN and when UE is out of E-UTRA coverage. In Rel-12 LTE, system information of sidelink (frame number, system bandwidth, TDD UL/DL subframe configuration, etc.) is transferred through PSBCH. In addition, similar to LTE-Uu synchronization, sidelink synchronization signals (SLSS) sent along with PSBCH by UE was introduced for sidelink synchronization.
[bookmark: _Ref521582096]Table 1 Description of physical channels and signals for LTE sidelink
	
	Full Name
	Abbreviation

	Physical Channel
	Physical Sidelink Broadcast Channel
	PSBCH

	
	Physical Sidelink Shared Channel
	PSSCH

	
	Physical Sidelink Control Channel 
	PSCCH

	
	Physical Sidelink Discovery Channel
	PSDCH

	Physical Signals
	Demodulation Reference Signal
	DMRS

	
	Primary SLSS
	PSSS

	
	Secondary SLSS
	SSSS



LTE utilizes single-carrier frequency-division multiple access (SC-FDMA) as the waveform of sidelink same as LTE uplink. LTE also defines subchannels as a group of RBs in the same subframe for V2V sidelink operation as illustrated in Figure 1, and the number of RBs per subchannel can vary. The subchannels are used to transmit data and control information. Standardization work was made in LTE V2V WI [2] that PSCCH and associated PSSCH can occupy either adjacent RBs or non-adjacent RBs in the same subframe as illustrated in Figure 1, which is a new resource arrangement for V2X SCI and data, to enhance the system level performance under high density while meeting the latency requirements of V2V.
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[bookmark: _Ref521610290]Figure 1 An example of LTE V2X subchannelization

In LTE, two additional mechanisms for scheduling and interference management of V2V traffic, Mode 3 and Mode 4, were introduced on top of the existing Mode 1 and Mode 2 that were introduced in D2D standardization. Mode 3 is a scheduling and interference management mechanism that is assisted by eNBs via control signaling over the Uu interface and eNB assigns the resources being used for V2V signaling in a dynamic manner. Mode 4 supports scheduling and interference management of V2V traffic based on distributed algorithms, and in the LTE V2V WI [2], a sensing with semi-persistent transmission based mechanism was introduced for the Mode 4.

NR V2X sidelink design
What are the major differences between the LTE and NR? Unlike LTE, NR supports not only below-6GHz (FR1) and above-6GHz (FR2) frequency bands but also various numerologies (Table 2). For efficient data transmission in the high frequency bands, NR basically supports the beam-based transmission with beam management mechanisms. Considering the possible use of FR2 (i.e. up to 52.6 GHz) for sidelink communications, it is very important to introduce necessary multi-beam operations in the NR V2X sidelink design as illustrated in Figure 2. In NR, V2X UEs may be configured with different numerologies, so it is also a very important issue to discuss how V2X UEs configured with different numerologies efficiently communicate with each other.
Observation 1: It is very important to taking multi-beam operations and the scenarios where V2X UEs configured with different numerologies communicate with each other into account for NR V2X sidelink design.

[bookmark: _Ref522048462]Table 2 Supported transmission numerologies [3]
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	Cyclic prefix
	Supported for data
	Supported for synch

	0
	15
	Normal
	Yes
	Yes

	1
	30
	Normal
	Yes
	Yes

	2
	60
	Normal, Extended
	Yes
	No

	3
	120
	Normal
	Yes
	Yes

	4
	240
	Normal
	No
	Yes
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In addition, in LTE, SC-FDMA is utilized as an uplink waveform, whereas NR supports both DFT-S-OFDM and CP-OFDM as uplink waveforms. In NR, DFT-S-OFDM-based uplink transmission is generally used for relatively low throughput scenarios and power-limited UEs (e.g., vulnerable to PAPR and/or located at cell boundaries) and supports only one-spatial-layer transmission. On the other hand, uplink transmission with CP-OFDM in NR is intended for high-throughput scenarios by supporting up to four-spatial-layer transmission. For NR sidelink waveform, considering that LTE is directly applied the uplink waveform (SC-FDMA) to sidelink waveform, NR can also use its uplink waveforms as sidelink waveform. Since NR V2X aims to support various eV2X services (broadband, reliable, and low latency V2X applications), it is necessary to support both DFT-S-OFDM and CP-OFDM in NR sidelink and apply a common sidelink design to each waveform.
Proposal 1: We propose utilizing both DFT-S-OFDM and CP-OFDM as the NR sidelink waveform and applying a common sidelink design to each waveform.

As mentioned in the previous subsection, LTE mode 3 and 4 were specifically designed for V2V communications, and mode 4 is particularly important since it supports the direct V2V communications without cellular coverage, which is beneficial in safety-related V2X applications that cannot depend on the availability of cellular coverage. For this reason, we propose using LTE Mode 4 as a baseline of NR Mode 1 design, and also supporting a sensing with semi-persistent transmission similar to the mechanism used in LTE.
Proposal 2: We propose using LTE Mode 4 as a baseline of NR Mode 1 design, and supporting a sensing with semi-persistent transmission similar to the mechanism used in LTE.

In addition, the NR sidelink transmission should be designed by taking the multi-beam operations and numerologies supported in NR into account. To this end, by referring to the LTE V2X subchannelization as shown in Figure 1, we first propose two types of subchannel as follows: 
· Subchannel type 1: defined as a group of RBs in the same slot used for NR V2V communications only
· Subchannel type 2: defined as a group of RBs in the same subframe (1 ms) used for supporting coexistence between NR V2V and LTE V2V communications
The minimum time units of subchannel type 1 subchannel type 2 are slots and subframes respectively. Therefore, in the subchannel type 1, the basic time duration of the subchannel is different depending on the numerology () used for sidelink transmission, unlike the subchannel 2 in which the basic time duration of the subchannel is fixed to 1 ms (subframe duration) regardless of the numerology. Furthermore, in order to enable sensing on a set of frequency resources (resource pool) with the same frequency resource granularity regardless of the numerology (subcarrier spacing), the subchannel granularity of frequency resource is proposed as follows,
,
where  is a parameter that can be configured by the network or predefined on UE, and for example,  can have a value of . Based on the  defined above, the subchannel sizes of the PSCCH and PSSCH can be simply represented as follows: 
,
,
where .

Figure 3 illustrates how the proposed NR sidelink transmissions (method 2 and method 3) with multi-beam-based subchannel type 1 work. In the scheme, both adjacent and non-adjacent resource assignment for PSCCH and associated PSSCH are supported in the same slot, and UE should be able to repeatedly transmit the same traffic over the consecutive or nonconsecutive slots through the different beams. The subchannels and slots used for multi-beam operations should be reserved by the UE prior to its transmission. The base station may confine the maximum number of transmission beams used by a UE through higher layer signaling, which allows the UE to prevent excessive repetitive transmissions of the same data over different beams. Also, the method of limiting the maximum number of transmission beams can be applied differently according to the V2X traffic type. For example, in the case of broadcast traffic, it may need to support a large number of beams, and in the case of unicast traffic, it transmits only through the beam in the direction of the target UE.
Proposal 3: We propose that NR should define two types of subchannel (subchannel type 1 and type 2), and support LTE V2X sidelink-like transmission schemes (adjacent and non-adjacent resource assignment) with multi-beam operations.

However, since the two multi-beam sidelink transmission methods proposed based on LTE method change their beams on a slot basis, several slots (at least the number of beams set for the UE to actually transmit) are required to transmit one data. Therefore, for V2X messages requiring low latency, it is necessary to enable transmission of the same data through different beams even in a slot in order to rapidly transmit the data through different beams as illustrated in Figure 3. For this reason, we propose a scheme (method 1) in which the PSSCH and the PSCCH use a common subchannel and the PSSCH and the PSCCH with different beams are transmitted in the same slot. Furthermore, the PSCCH must be placed in front of the PSSCH in consideration of the latency. Figure 3 shows an example how a UE with three available beams transmit a data. The UE may be configured to transmit one data through three different beams in one slot, but may also be configured to transmit three beams over two consecutive slots. 
For the three proposed methods, by performing the sensing on a beam basis, UE should have a list of candidate resources (frequency resources with the proposed granularity, subframe/slot/symbol resources) for each beam with respect to resource pool that is configured by network or preconfigured.
Proposal 4: We propose three methods for NR sidelink transmission with multiple beams, and in the method 1, the PSCCH and associated PSSCH use the same subchannels and are transmitted over multiple beams in the same slot. Furthermore, the PSCCH must be placed in front of the PSSCH in consideration of the latency.

Obviously, for the proposed method 1, 2, and 3 described above, simultaneous transmission of multiple beams in addition to transmitting beams sequentially may be supported depending on the support of simultaneous multi-beam transmission in a future NR release.
Observation 2: Simultaneous transmission of multiple beams in addition to transmitting beams sequentially may be supported depending on the support of simultaneous multi-beam transmission in a future NR release.

Finally, we would like to initiate the discussion on the possible support of multiplexing of sidelink and uplink. Two types of resource may be defined. One is the resource pool type 1 that is only used for sidelink transmission, and the other is the resource pool that can be used for sidelink and/or uplink transmission. In this case, NR sidelink transmission can be also occured in uplink OFDM symbols of a slot that consists of downlink and uplink OFDM symbols.
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[bookmark: _Ref521610668]Figure 3 An example of NR sidelink transmission based on the proposed subchannelization

Conclusion
This contribution has addressed some issues related to NR V2X sidelink design, and made the following observation and proposals.
Observation 1: It is very important to taking multi-beam operations and the scenarios where V2X UEs configured with different numerologies communicate with each other into account for NR V2X sidelink design.
Observation 2: Simultaneous transmission of multiple beams in addition to transmitting beams sequentially may be supported depending on the support of simultaneous multi-beam transmission in a future NR release.
[bookmark: _GoBack]Proposal 1: We propose utilizing both DFT-S-OFDM and CP-OFDM as the NR sidelink waveform and applying a common sidelink design to each waveform.
Proposal 2: We propose using LTE Mode 4 as a baseline of NR Mode 1 design, and supporting a sensing with semi-persistent transmission similar to the mechanism used in LTE.
Proposal 3: We propose that NR should define two types of subchannel (subchannel type 1 and type 2), and support LTE V2X sidelink-like transmission schemes (adjacent and non-adjacent resource assignment) with multi-beam operations.
Proposal 4: We propose three methods for NR sidelink transmission with multiple beams, and in the method 1, the PSCCH and associated PSSCH use the same subchannels and are transmitted over multiple beams in the same slot. Furthermore, the PSCCH must be placed in front of the PSSCH in consideration of the latency.
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