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Introduction
In this document, we provide Basic Scenarios and Overall Steps for the study on NR Sidelink design.

Basic Scenarios for Sidelink
V2X Sidelink communication is supported in NR as well as in LTE. Vehicular UEs may simultaneously perform both NR Sidelink and LTE Sidelink while camping on a NR cell or a LTE cell, while being connected to a NR cell or a LTE cell as a PCell, while outside network coverage. For LTE Sidelink, UEs may perform LTE Sidelink Mode 3 or 4. For NR Sidelink, UEs may perform NR Sidelink Mode 1 or 2. NR V2X study should support all five scenarios shown in Figure 1.
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Figure 1: Basic Scenarios for LTE/NR V2X Sidelink Communication
Proposal 1: NR V2X study should support all five scenarios shown in Figure 1. LTE can be connected to EPC or 5GC.
1. NR/LTE Sidelink between UEs served by LTE

2. NR/LTE Sidelink between UEs served by NR

3. NR/LTE Sidelink between UE served by LTE and UE served by NR

4. NR/LTE Sidelink between UE served by LTE and UE outside NR/LTE coverage

5. NR/LTE Sidelink between UE served by NR and UE outside NR/LTE coverage
LTE Sidelink is supported for UEs in RRC_IDLE, RRC_CONNECTED and out-of-coverage. Meanwhile, we introduce RRC_INACTIVE for NR and eLTE. We think that NR Sidelink and LTE Sidelink should be supported for UEs in NR/LTE RRC_INACTIVE.

Proposal 2: NR Sidelink and LTE Sidelink should be supported for UEs in NR/LTE RRC_INACTIVE as well as RRC_IDLE and RRC_CONNECTED.
Overall Steps for NR Sidelink

In NR, V2X sidelink communication should support unicast (SL-U) and groupcast (SL-G) as well as broadcast (SL-B) according to SA1 requirements in 3GPP TS 22.186 [1]. SA2 also captured ‘Support of eV2X Group Communication’ and ‘Support of unicast/multicast for sensor sharing over PC5’ as key issues in 3GPP TR 23.786 [2]. In addition, V2X sidelink discovery may need to be supported in addition to V2X sidelink communication according to SA1 requirements in [1]. 
Moreover, RAN1 sent a LS in [3] to support unicast, groupcast, and broadcast in NR sidelink. In [3], RAN1 assumes that higher layer decides if a certain data has to be transmitted in a unicast, groupcast, or broadcast manner and inform the physical layer of the decision. For a transmission for unicast or groupcast, RAN1 assumes that the UE has established the session to which the transmission belongs. RAN1 assumes that the physical layer knows the following information for a certain transmission belonging to a unicast or groupcast session.
Considering requirements, advanced use cases and the RAN1 LS for NR V2X, we assume that NR V2X may need to have additional step(s) in AS layers to provide unicast and groupcast. In this document, we provide proposed overall NR V2X steps for NR sidelink as shown in Figure 2 and propose to consider the proposed steps for RAN2 study.
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Figure 2: Overall steps for NR sidelink
Step 1: V2X Sidelink Discovery 
In [1], the 3GPP system shall enable discovery and communication between UEs supporting the same V2X application. For instance, a UE may need to be aware of the number of UEs within the same Group for vehicle platooning or one or more UEs for sensor sharing. Such use cases may require discovery so that a UE may need to discover another UE in proximity to initiate data transmission between/among UEs in V2X communication. 
For D2D communication in LTE, sidelink discovery was defined as the procedure used by the UE supporting sidelink discovery to discover other UE(s) in its proximity. SL-DCH was defined to carry discovery messages provided by upper layers. RAN2 may need to discuss whether to introduce a discovery specific channel such as SL-DCH or to use a shared channel for sidelink discovery as well as sidelink communication.
Proposal 3: RAN2 should discuss the following issues for V2X sidelink discovery:

· Whether or not to support V2X sidelink discovery in 3GPP
· Which layer define discovery message(s) and procedure for V2X sidelink discovery e.g. upper layers
· Radio channel and Protocol stack for V2X sidelink discovery e.g. SL-DCH or SL-SCH

Step 2: V2X Session Establishment
A UE may need to establish a session in sidelink to transmit user data to the other UE(s). As described in [3], RAN1 assumes that the physical layer knows some information such as destination ID and source ID for a certain transmission belonging to a unicast or groupcast session. Thus, UEs may establish a session by exchanging such information. The information necessary for session establishment may be not limited to IDs. The information may also include service profile and security related information. However, it is unclear whether exchanging such information is done via upper layer signalling (e.g. like PC5-S signalling) or lower layer signalling. RAN2 should make decision which layer will handle session establishment.
Proposal 4: RAN2 should discuss the following issues for V2X sidelink session establishment:

· Whether or not session establishment is supported for NR V2X sidelink communication
· Which layer define message(s) and procedure for session establishment e.g. upper layers
· Radio channel and Protocol Stack for exchanging message(s) related to session establishment e.g. SL-SCH
Step 3: Setup of sidelink radio configuration

For Uu communication, gNB and UE perform downlink/uplink transmissions based on radio configuration set up by gNB. gNB sets up radio configuration e.g. by considering user services, UE capability and network capacity. Similarly, UEs in SL-U or in the same group of SL-G should perform V2X sidelink communication under same understanding about radio configuration in sidelink based on user services, UE capabilities and network capacity.
Accordingly, RAN2 should discuss how sidelink radio configuration is determined between UEs or among UEs for unicast, groupcast or broadcast. For instance, such configuration can be provided by using signalling related to session establishment, signalling from gNB, or pre-configuration.

Proposal 5: RAN2 should discuss how sidelink radio configuration is determined between UEs or among UEs for unicast or groupcast.
Step 4: Sidelink Transmissions
For LTE sidelink transmissions, UE is configured with one or more resource pools on one or multiple carriers. UE autonomously selects TX carrier(s) and sidelink grant(s) autonomously or receives sidelink grant(s) on a carrier from eNB. UE creates a MAC PDU for the sidelink grant based on segmentation/concatenation and logical channel prioritization. Then, UE performs HARQ transmissions for the MAC PDU with the sidelink grant. 
Similarly, RAN2 should discuss how UE selects sidelink grants, creates L2 PDUs and performs logical channel prioritization and HARQ transmissions for NR sidelink. In addition, RAN2 should also discuss packet duplication for reliable transmission and QoS aspects. Simply speaking, RAN2 should study L2 impacts for sidelink transmissions. We think that Layer 2 of NR sidelink should be designed based on the existing Layer 2 specifications of LTE sidelink and NR Uu.

Compared to LTE sidelink, NR sidelink should support SL-U and SL-G. Thus, we may need to consider feedback based link adaptation for NR sidelink. HARQ feedback in sidelink and/or sidelink channel quality reporting could be considered as potential solutions. Once RAN1 makes progress on this aspect, RAN2 may need to discuss how L2 or L3 is impacted.
Proposal 6: RAN2 should discuss how Layer 2 is impacted for NR sidelink transmissions, e.g. for support of feedback and channel quality reporting.
Step 5: Maintenance and release of SL-U/G
Once a session is established, UEs performs sidelink transmission for sidelink unicast or groupcast. During the session, UEs may need to maintain the session for reliable transmissions. In addition, a UE may need to know when the session should be released to stop sidelink transmission. If a UE transmits sidelink feedback to another UE for link adaptation, the UE may need to determine when to stop feedback in sidelink.
Accordingly, RAN2 should discuss how UE knows when to stop sidelink transmission (and sidelink feedback, if supported) especially for unicast and groupcast.
Proposal 7: RAN2 should discuss how UEs maintains V2X sidelink session and how a UE knows when to stop sidelink transmission (and sidelink feedback, if supported) e.g. when another UE leaves V2X sidelink session for unicast and groupcast.
Conclusion
In conclusion, we propose the followings and to agree the proposed TP to 38.885 as described below:
Proposal 1: NR V2X study should support all five scenarios shown in Figure 1. LTE can be connected to EPC or 5GC.
1. NR/LTE Sidelink between UEs served by LTE

2. NR/LTE Sidelink between UEs served by NR

3. NR/LTE Sidelink between UE served by LTE and UE served by NR

4. NR/LTE Sidelink between UE served by LTE and UE outside NR/LTE coverage

5. NR/LTE Sidelink between UE served by NR and UE outside NR/LTE coverage

Proposal 2: NR Sidelink and LTE Sidelink should be supported for UEs in NR/LTE RRC_INACTIVE as well as RRC_IDLE and RRC_CONNECTED.
Proposal 3: RAN2 should discuss the following issues for V2X sidelink discovery:

· Whether or not to support V2X sidelink discovery in 3GPP
· Which layer define discovery message(s) and procedure for V2X sidelink discovery e.g. upper layers
· Radio channel and Protocol stack for V2X sidelink discovery e.g. SL-DCH or SL-SCH

Proposal 4: RAN2 should discuss the following issues for V2X sidelink session establishment:

· Whether or not session establishment is supported for NR V2X sidelink communication

· Which layer define message(s) and procedure for session establishment e.g. upper layers

· Radio channel and Protocol Stack for exchanging message(s) related to session establishment e.g. SL-SCH
Proposal 5: RAN2 should discuss how sidelink radio configuration is determined between UEs or among UEs for unicast, groupcast or broadcast

Proposal 6: RAN2 should discuss how Layer 2 is impacted for NR sidelink transmissions

Proposal 7: RAN2 should discuss how UEs maintains V2X sidelink session and how a UE knows when to stop sidelink transmission (and sidelink feedback, if supported) e.g. when another UE leaves V2X sidelink session for unicast and groupcast.
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x.x
General steps for NR sidelink
The overall steps for NR sidelink are shown in the figure 1. For unicast or groupcast in sidelink, a UE may initially enable sidelink discovery to detect UE(s) for a V2X service. If one or more UEs are detected, the UE establishes a session in sidelink to transmit user data to the detected UE(s). 
If provided via system information, dedicated signalling or pre-configuration, the UE applies sidelink radio configuration and then perform sidelink transmissions based on the radio configuration. If a session has been established, UEs may perform maintenance of the session in sidelink. When user data transmissions complete in sidelink, or when other UEs leave the session or UE’s proximity, the UE may stop the session.

NOTE: It is FFS whether or not all steps are in the scope of 3GPP specifications for NR sidelink.
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Figure 1: Overall steps for NR sidelink

Annex 1: Related SA1 requirements in [1]
[R.5.1-002]
The 3GPP system shall be able to optimize the communication between UEs supporting V2X application belonging to the same group and in proximity.

[R.5.1-003]
The 3GPP system shall be able to support the message transfer for group management operations as requested by the application layer.

NOTE 1:
The determination of group membership may be done at the upper layers and/or lower layers (application and/or Layer 2).

[R.5.1-004]
The 3GPP system shall be able to support message transfer among a group of UEs supporting V2X application.

[R.5.1-005]
The 3GPP system shall be able to support message transfer between two UEs belonging to the same group of UEs supporting V2X application.

[R.5.1-006]
The 3GPP system shall be able to support confidentiality and integrity of message transfer among a group of UEs supporting V2X application.
[R.5.1-014]
The 3GPP system shall enable discovery and communication between UEs supporting the same V2X application.

[R.5.1-017]
The 3GPP system shall enable a UE supporting a V2X application to discover another UE supporting V2X application that can offer access to the network.

[R.5.2-001] The 3GPP system shall be able to support up to 5 UEs for a group of UEs supporting V2X application.

[R.5.2-002] For Vehicle Platooning, the 3GPP system shall be able to support reliable V2V communications between a specific UE supporting V2X applications and up to 19 other UEs supporting V2X applications.

NOTE 1: 
For group of heavy goods vehicle platooning, the number of UEs in a platoon can be smaller, due to communication range, the length of truck, inter-truck distance, etc.

Annex 2: Related SA2 key issues in [2]
5.1
Key Issue #1: Support of eV2X Group Communication
5.1.1
General description
One of the main use cases for eV2X is Vehicle Platooning where vehicles of the same platoon are involved in sharing the necessary information required to support the platoon operations (for example, distance between vehicles, relative speed, updates from RSU, etc.). Similar requirements apply also for the Extended Sensor use case where UEs exchange data gathered through local sensors or live video data among vehicles, Road Site Units, devices of pedestrians and V2X application servers.

For both cases such sharing of information is supported by creating a specific eV2X Group within a V2X application.

This key issue addresses how eV2X communication for these group of UEs will be supported by the 3GPP system. In particular, the following aspects are required to be studied:

-
Whether and how the 3GPP system is required to be aware of an eV2X Group within the V2X application.

-
Whether and how the 3GPP system is required to be aware of the number of UEs within an eV2X Group of a V2X application.

NOTE:
It is assumed that eV2X Group discovery is supported within the V2X application.

-
How 3GPP layer communication between UEs of the same eV2X Group is carried out.

5.9
Key Issue #9: Support of unicast/multicast for sensor sharing over PC5
5.9.1
General description
In TS 22.186 [4], there are new requirements captured for supporting higher data rate information sharing between vehicles, e.g. that for the support of Extended Sensor use case in clause 5.4. The KPIs include those that can be still supported using broadcast mechanism, and those that cannot be supported with broadcast mechanism over the available ITS spectrum, especially, when there are multiple vehicles performing broadcast based information sharing in the proximity

Therefore, besides the broadcast mechanism, eV2X also needs to support a new interactive delivery mechanism to handle high data rate data sharing between vehicles, e.g. using unicast and/or multicast.

This key issue will study: 

-
How an interactive, e.g. request and response based, data delivery mechanism can assist the efficient delivery of data to satisfy eV2X use cases.

-
If any V2X layer signalling is required. 

-
What information needs to be exchanged to enable the AS layer to configure the corresponding transmission and reception.

-
How to prevent privacy issues related to long duration unicast/multicast session e.g. source L2 ID tracking.

NOTE:
Coordination with RAN regarding the unicast/multicast support is needed.
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