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Introduction
In the 3GPP RAN#80 meeting [1], a new study item (SI) for NR V2X standardization (V2X phase 3) was approved, and the first meeting of the SI started at RAN1#94 meeting. NR V2X will be designed to support advanced V2X services in addition to the services supported by LTE V2X. The 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, 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 RAN1#94 meeting [2] and RAN1#94bis meeting [3], the following agreements related to physical layer structures for NR V2X were made:
	Agreements:
· NR sidelink supports the SCSs supported by Uu in a given frequency range, i.e., {15, 30, 60 kHz} in FR1 and {60, 120 kHz} in FR2.
· FFS the supported CP length
· Baseline is that a UE is not required to receive sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels
· Baseline is that a UE is not required to transmit sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels

Continue discussion on the wavefom till next meeting – companies are encouraged to perform more analysis/evaluations.

Agreements:
RAN1 to continue study on multiplexing physical channels considering at least the above aspects:
· Multiplexing of PSCCH and the associated PSSCH (here, the “associated” means that the PSCCH at least carries information necessary to decode the PSSCH).
· Study further the following options: 
· Option 1: PSCCH and the associated PSSCH are transmitted using non-overlapping time resources.
· Option 1A: The frequency resources used by the two channels are the same.
· Option 1B: The frequency resources used by the two channels can be different.
· Option 2: PSCCH and the associated PSSCH are transmitted using non-overlapping frequency resources in the all the time resources used for transmission. The time resources used by the two channels are the same.
· Option 3: A part of PSCCH and the associated PSSCH are transmitted using overlapping time resources in non-overlapping frequency resources, but another part of the associated PSSCH and/or another part of the PSCCH are transmitted using non-overlapping time resources.
Illustration of the above options:
[image: ]

Agreements:
For PSCCH and associated PSSCH multiplexing
· At least one of Option 1A, 1B, and 3 is supported.
· FFS whether some options require transient period between PSCCH and PSSCH.
· FFS whether to support Option 2



In this contribution, we would like to mainly discuss NR V2X sidelink design in the following aspects:
· NR sidelink waveform
· NR sidelink transmission with multi-beam operations

Discussion
NR V2X sidelink design
Unlike LTE, NR supports not only below-6GHz frequency bands (i.e. FR1) and above-6GHz frequency bands (i.e. FR2) but also flexible numerologies (Table 1). In addition, NR basically supports the beam-based transmission with beam management mechanisms both in downlink (DL) and uplink (UL), which is particularly beneficial in the efficient data transmission in the high frequency bands. 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 1. Moreover, in NR, 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.
[bookmark: _Ref522048462]Table 1 Supported transmission numerologies ([3], [4])
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	Cyclic prefix
	Supported for data
	Supported for synch
	Supported for NR sidelink
(FR1) [3]
	Supported for NR sidelink
(FR2) [3]

	0
	15
	Normal
	Yes
	Yes
	Yes
	-

	1
	30
	Normal
	Yes
	Yes
	Yes
	-

	2
	60
	Normal, Extended
	Yes
	No
	Yes
	Yes

	3
	120
	Normal
	Yes
	Yes
	-
	Yes

	4
	240
	Normal
	No
	Yes
	-
	-

	· FFS the supported CP length for NR sidelink [3]
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[bookmark: _Ref521587082][bookmark: _Ref521587075]Figure 1 An example of NR V2X
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 consideration for NR V2X sidelink design.

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 dedicated 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. Moreover, 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. In particular, the DFT-S-OFDM, which is capable of providing wider coverage and higher link reliability than CP-OFDM, can play a critical role in offering road-safety-related V2X services. However, it is suggested that a common design principle be applied to minimize the design complexity caused by introducing both CP-OFDM and DFT-S-OFDM.
Proposal 1: We propose utilizing both DFT-S-OFDM and CP-OFDM as the NR sidelink waveform and applying a common sidelink design to both waveforms.

In the LTE V2X, sub-channel based resource pool was designed to reduce the decoding complexity requirement for UE. In the similar vein, sub-channel-based resource pool is also useful for NR-V2X sidelink.
Proposal 2: We propose supporting sub-channel-based resource pool for NR-V2X sidelink transmission.

As previously mentioned, in addition to the flexible numerology, the NR sidelink transmission should be designed by taking the multi-beam operations into consideration. Figure 2 illustrates an example of the proposed multi-beam-based NR sidelink transmissions with the agreed multiplexing option 1A (i.e. multiplexing PSCCH and the associated PSSCH in non-overlapping time resources and the same length of frequency resources). In this scheme, UE should be able to repeatedly transmit the same traffic over the PSSCHs with different beams allocated in consecutive or nonconsecutive slots. In this case, the PSSCHs can be either scheduled by one PSCCH, or independently scheduled by corresponding PSCCHs. In addition, the gNB may confine the maximum number of transmission beams used by a UE through higher layer signaling, which prevents UE from the excessive repetitive transmissions of the same data over different beams. Furthermore, 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/groucast traffic, it may need to support a large number of beams, but in the case of unicast traffic, only a small number of transmit beams in the direction of the target UE may be required.
Proposal 3: PSSCHs with different beams can be either scheduled by one PSCCH, or independently scheduled by corresponding PSCCHs.
Proposal 4: gNB may confine the maximum number of transmission beams used by a UE, which may be applied differently according to the V2X traffic type.

[bookmark: _GoBack]If a UE sequentially transmit data over different beams by changing the beams on a slot basis, several slots (at least the number of beams set for the UE to transmit) are required to transmit one data. Therefore, for V2X messages requiring low latency, it is necessary to support FDM, TDM and SDM of the PSCCHs carrying the same data over different beams. In the case of TDM, TDM within a slot needs to be supported in order to rapidly transmit the data through different beams. In the case of SDM, simultaneous transmission of multiple beams in the same frequency and time resources may be supported depending on the support of simultaneous multi-beam transmission in a future NR release. As illustrated in Figure 2. PSCCHs and the associated PSSCHs with different beams are transmitted in the same slot. Figure 2 also shows an example how a UE with three available beams transmit a data. The UE can be configured to transmit one data through three different beams within a slot, but can be also configured to transmit three beams over two consecutive slots. In this case, by performing the sensing on a beam basis, UE should have a list of candidate resources (a set of sub-channels) for each beam with respect to resource pool that is configured by network or preconfigured.

Proposal 5: We propose supporting TDM, FDM, SDM of the PSCCH(s) and associated PSSCHs with multiple beams, and the TDM can be can be performed in a symbol level.
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[bookmark: _Ref521610668]Figure 2 An example of multi-beam-based NR sidelink transmission

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 consideration for NR V2X sidelink design.
Proposal 1: We propose utilizing both DFT-S-OFDM and CP-OFDM as the NR sidelink waveform and applying a common sidelink design to both waveforms.
Proposal 2: We propose supporting sub-channel-based resource pool for NR-V2X sidelink transmission.
Proposal 3: PSSCHs with different beams can be either scheduled by one PSCCH, or independently scheduled by corresponding PSCCHs.
Proposal 4: gNB may confine the maximum number of transmission beams used by a UE, which may be applied differently according to the V2X traffic type.
Proposal 5: We propose supporting TDM, FDM, SDM of the PSCCH(s) and associated PSSCHs with multiple beams, and the TDM can be can be performed in a symbol level.
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