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1 Introduction

At RAN#80, a new SI was approved on V2X in NR [1]. This SI is to study the support of advanced V2X services beyond services supported in LTE Rel-15 V2X. In addition, the NR V2X evaluation methodology was completed with the approval of TR37.885. 

In [2], we describe the general physical layer sidelink design for NR V2X. In this contribution, we provide an overview for sidelink physical layer structure and procedure for NR V2X.

2 NR sidelink physical layer structure
2.1 Frame structure
NR Uu supports eMBB and URLLC use cases with differing technical requirements and scenarios. In order to accommodate these widely differing requirements, the frame structure was designed to be flexible. An NR Uu slot can be configured as a DL-only slot, a UL-only slot, or as a flexible slot. The NR Uu slot configuration can be done via cell-specific signalling, UE-specific RRC signalling, or group-common DCI with SFI-RNTI. 

For NR V2X, there are four use case groups listed in the SID: platooning, advanced driving, extended sensors and remote driving[1]. Thus, flexibility in the subframe configuration is crucial. In addition, the subframe structure must be able to accommodate the case when the sidelink and Uu share the same carrier. Multiplexing of Uu and SL at symbol level allows fast scheduling of sidelink (DCI in DL symbol(s) at start of a slot) and immediate feedback to the gNB (e.g. SL-SCI report, HARQ-ACK in UL symbol(s) at end of the slot), and is therefore capable of multiple adaptive retransmissions within target latency boundary, e.g. end-to-end 3ms. Consequently, we propose to use the existing NR subframe structure as the starting point for the V2X design. Both SL-only and unified Uu & SL slot need to be supported for NR V2X, as shown in  Figure 1 and Figure 2 (AGC symbol, gap symbol, etc. are included in SL).
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Figure 1. SL-only slot
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Figure 2. Unified Uu and SL slot

The NR Uu configuration for slots and symbols can be reused, with slot(s)/symbol(s) configured as “flexible” on a per-cell basis, and overwritten on a per-UE basis, or group-common DCI with SFI-RNTI.
Proposal 1: The NR sidelink frame structure design is based on the existing NR frame structure

· Subframe configuration can allow sidelink-only slots and sidelink-Uu multiplexing within a slot
· The NR Uu slots and symbols indication can be reused, with resources configured as “flexible” on a per-cell basis, and overwritten on a per-UE basis, or group-common DCI with SFI-RNTI 

NR Uu Rel-15 allows different durations (e.g., varying number of symbols) with mini-slot design to support multiplexing of services with different reliability and latency in time domain. In particular, some NR V2X traffic use cases require extremely low latency and extremely high reliability. For URLLC, the mini-slot concept was introduced to support the same stringent requirements. Thus, we propose to reuse the mini-slot concept for NR V2X as well.

Proposal 2: The NR sidelink design should reuse mini-slot configurations of NR Uu.

2.2 Bandwidth part
Bandwidth Part (BWP) was introduced in NR, where a UE can support up to four BWPs configured by the network. In NR Release 15, at a given time in a given serving cell, only one DL-BWP and one UL-BWP can be active for a UE. It seems logical to use BWPs as well on the sidelink, given the wide set of requirements, speeds, etc.

For each link, i.e. Uu or SL, a UE is not expected to transmit (receive) outside of its active BWP in the corresponding link. For the shared carrier case, where the SL resources are located in the UL carrier, both sidelink BWP (SL-BWP) and UL-BWP of a UE are located within the UL carrier. Since Uu and sidelink transmissions are different in terms of channel characteristics, Doppler spectrum, etc., the system must be flexible enough so that the Uu and SL BWPs can be different. The three SL configuration scenarios depicted in Figure 3 should be supported. From a system design perspective, it is preferable to have a unified SL design for both dedicated and shared carriers.
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[image: image3.emf] 

SL

UL-BWP

f

SL

UL-BWP

f

SL

UL-BWP

f

Shared Carrier

Shared Carrier

Carrier #1 Carrier #2


Figure 3. The three SL configuration scenarios

NR Uu supports configurable numerologies with different subcarrier spacings. One benefit of the BWP is that it enables multiplexing of different numerologies. Since there is a very diverse set of traffic types for NR V2X, the UE may support multiple services simultaneously. In addition, some UEs may be traveling at low speeds, where a 15 kHz subcarrier spacing works well, whereas other UEs at high speeds would benefit from a larger subcarrier spacing [6]. In order to be able to accommodate these widely different scenarios and conditions, a UE should support configurable BWPs with different numerologies. In addition, given that at a UE may simultaneously support multiple services, it is appropriate to study whether to support multiple active SL-BWPs for a UE at a given time on a single carrier, as shown in Figure 4.
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Figure 4. Multiple SL-BWPs

Proposal 3: The Uu BWP concept is reused for the sidelink, with sidelink transmission/reception occurring within a SL-BWP. 

Proposal 4: Study to support multiple active SL-BWPs for a UE at a given time on a single carrier.

2.3 Sidelink resource
For LTE-V2X, resource pools were defined. LTE V2X resource pools are configured by the network, either on a per-cell or a per-UE basis. Different resource pools can be used for different services, load control, etc. 

For NR, given that BWPs are already defined and the Uu data and control channel resources are configured per BWP, the concept of resource pool for SL has to be revisited. In the extreme, it may even be possible to use BWPs only and do away with resource pools. For the sake of a unified and efficient design, the sidelink resources for NR V2X need to be configured on a per-BWP basis. As mentioned in Section 2.2, all SL transmissions/receptions can take place within (UE-specific) SL BWPs. Therefore, the sidelink resource configuration, if needed, should be done per SL-BWP. The necessity of configuring sidelink resource(s) and the number of sidelink resources may depend on the SL transmission mode. For a gNB-scheduled transmission mode (NR SL mode-1), the transmission/reception within an SL-BWP may be done with only one sidelink resource. For a non-gNB scheduled transmission mode (NR SL mode-2), multiple sidelink resources may be configured within an SL-BWP. In addition, a common SL-BWP can be configured for a group of UEs (or all UEs) where they can receive configuration signalling.

Proposal 5: Each sidelink resource is configured per SL-BWP.

For LTE-V2X, sub-channels are defined in in the frequency domain within the resource pool. This concept can be reused for NR V2X in order to reduce the number of blind decodes at the UE (depending on the control channel design) and the signalling overhead. The concept of sub-channel is illustrated in Figure 5
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Figure 5. Sub-channel definition for LTE-V.
One disadvantage of sub-channels is that the resource granularity is coarser, which can sometimes cause resource wastage. NR V2X should consider enhancements to sidelink resource design to improve resource utilization efficiency. 

Proposal 6: Study the sidelink resource structure for NR V2X:

· In the frequency domain, LTE V2X sub-channelization is the baseline. Consider enhancements if needed. 

In addition, zoning is used for LTE-V. Resources are partitioned on a geographical basis in order to perform interference management. This concept should be reused, and improved, for NR V2X. In particular, the geographical “zones” approach in LTE V2X might not be the best for all scenarios (e.g., in case of different vehicle densities in geographical zones or where traffic from only one road direction is of relevance). To that end, resource selection should be studied to efficiently support advanced driving use cases in different scenarios.

Proposal 7: Study NR V2X sidelink resource configurations at least based on geographic information, vehicle motion, and vehicle density.

2.4 Control and data multiplexing

In LTE V2X, one scheduling assignment (SA) is associated with one data transmission, where the SA and data are multiplexed in frequency in the same subframe, as shown in Figure 6. FDM of SA and data allows a UE to boost the SA transmission power, thus can help improving control channel reliability. This is beneficial for the use cases that require high coverage and higher reliability, e.g. extended sensors [3]. 
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Figure 6.  FDM of SA and Data in one slot

NR V2X has more stringent requirements than LTE V2X. In order to meet the latency requirements, multiplexing of SL control and data in time in the same slot, as shown in Figure 7, is beneficial. The time division multiplexed SA and data structure reduces decoding time since the SA can be processed as soon as all the SA symbols are received. 
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Figure 7. TDM of SA and Data in one slot

Each multiplexing structure can work well in different use cases to meet different requirements. NR V2X needs to study the necessity to support flexibility on SA and data multiplexing structure. 

Proposal 8: Study both TDM and FDM multiplexing of data and control for NR V2X.

3 NR sidelink physical layer procedures
3.1 Transmission mode for NR V2X
LTE V2X defines mode-3 SL transmission for eNB scheduling and mode-4 SL transmission for UE autonomous. With LTE V2X mode-3, the UE can be dynamically scheduled or semi-persistently scheduled by the network. With LTE mode-4, a UE selects available resources from a resource selection window based on sensing results. Mode-3 is designed to operate in-coverage and mode-4 primarily out-of-coverage. In addition, a UE can also be configured by the network to operate in mode-4 when in-coverage. NR needs to support V2X communication both in-coverage and out-of-coverage, and to define transmission modes for network-scheduled where NR Uu plays a role for V2X communication, and non-network-scheduled where there is no NR Uu involvement for V2X communication.

For NR V2X mode-1, LTE V2X mode-3 procedures for PSSCH and PSCCH can be a baseline, where resources are signalled via NR DL in a SL grant. The UE then sets the contents of its sidelink control information (SCI) according to higher layer parameters and the SL grant from the network. Upon detection of SCI on PSCCH, another UE can decode the PSSCH according to the SCI. This general procedure can be tailored to the specific design requirements of NR V2X, as described in [5].  For NR V2X mode-2, different procedures will be needed, based on grant-free transmission with additional study of the benefit of sensing procedures. As described in [4], NR V2X may introduce enhanced or new mechanisms to address the higher requirements on low latency, high reliability, and high data rate. 
Proposal 9: Define sidelink transmission modes for network-scheduled NR V2X (mode-1) and non-network scheduled NR V2X (mode-2).

3.2 NR-specific procedures
The NR V2X design needs to handle unicast/groupcast [7]. In order to provide efficient unicast/groupcast communication, a feedback channel design is needed for HARQ feedback, CSI, etc. One possibility for this feedback channel design is to reuse what is done for NR eMBB, with one symbol at the end of a slot to send the feedback. These procedures do not exist at the physical layer for LTE-V. RAN1 needs to study and the procedures for sidelink physical-layer feedback [8], to support reliable and efficient unicast and groupcast transmission.

In addition, for unicast, the UE needs to be able to discover neighbours in order to establish a bi-directional link. This discovery aspect did not exist for V2X since the physical layer of LTE-V supports broadcast only. However, UE discovery was standardized for D2D, and the design principles car be reused. The discovery procedure could be done in several ways:

· Option 1: Network assisted. The gNB has access to the location information of UEs, thus can determine when UEs are proximal, thus can initiate a discovery procedure between UEs when appropriate

· Option 2: A Physical Sidelink Discovery Channel (PSDCH) is designed. UEs transmit/listen specific discovery signals on discovery resources, thus can discover their neighbours. 

· Option 3: Some discovery messages are transmitted on V2X data resources

Options 1 and 2 were standardized for Rel-12. They could be a starting point for the discovery process of NR V2X.

Proposal 10: 

· Define a feedback channel for unicast communication.

· Study a feedback channel design located at the end of the slot.

· Study and design UE feedback procedures for SL-HARQ-ACK, SL-CSI report, etc. for NR mode-1 and NR mode-2.

· Study and design UE discovery procedures using the LTE D2D discovery procedures as a starting point.
4 Conclusions
This contribution has provided our view on sidelink physical layer structure and procedure for NR V2X:

Proposal 1: The NR sidelink frame structure design is based on the existing NR frame structure

· Subframe configuration can allow sidelink-only slots and sidelink-Uu multiplexing within a slot
· The NR Uu slots and symbols indication can be reused, with resources configured as “flexible” on a per-cell basis, and overwritten on a per-UE basis, or group-common DCI with SFI-RNTI 

Proposal 2: The NR sidelink design should reuse mini-slot configurations of NR Uu.

Proposal 3: The Uu BWP concept is reused for the sidelink, with sidelink transmission/reception occurring within a SL-BWP. 

Proposal 4: Study to support multiple active SL-BWPs for a UE at a given time on a single carrier.

Proposal 5: Each sidelink resource is configured per SL-BWP:

Proposal 6: Study the sidelink resource structure for NR V2X:

· In the frequency domain, LTE V2X sub-channelization is the baseline. Consider enhancements if needed. 

Proposal 7: Study NR V2X sidelink resource configurations at least based on geographic information, vehicle motion, and vehicle density.

Proposal 8: Study both TDM and FDM multiplexing of data and control for NR V2X.

Proposal 9: Define sidelink transmission modes for network-scheduled NR V2X (mode-1) and non-network scheduled NR V2X (mode-2).

Proposal 10: 

· Define a feedback channel for unicast communication.

· Study a feedback channel design located at the end of the slot.

· Study and design UE feedback procedures for SL-HARQ-ACK, SL-CSI report, etc. for NR mode-1 and NR mode-2.

· Study and design UE discovery procedures using the LTE D2D discovery procedures as a starting point.
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