3GPP TSG RAN WG1 Meeting Ad-Hoc 1901	R1-1900782
[bookmark: OLE_LINK15]Taipei, TW, January 21st–25th, 2019

Agenda Item:	7.2.4.1.4
Source:	Toyota InfoTechnology Center, USA
Title:	Sidelink resource allocation for NR V2X with mode 2(d) in mobile
                              operator bands and bands over 6 GHz
Document for:	Discussion and Decision


1. Introduction

According to NR V2X SID, one of the objectives is to identify solutions for a NR V2X sidelink design in mobile operators’ licensed bands and ITS bands for FR1 and FR2 for scenarios of in-network coverage, out-of-network coverage, and partial network coverage.
For NR V2X sidelink Mode-2 resource allocation mechanisms, 4 sub-modes (i.e., Mode-2(a)-(d)) have been discussed. In Mode-2(d), scheduling UE(s) allocate NR sidelink resources of other UEs. In our perspective, Mode-2(d) is potentially useful to reduce the overhead of sidelink resource allocation by gNBs in in-coverage scenarios and improve the reliability of sidelink communication in out-of-coverage scenarios, particularly in congested scenarios.
In RAN1 #95 meeting, the following agreements were made for NR sidelink resource allocation [1]:
	Agreements:
Sensing procedure is defined as SCI decoding from other UEs and/or sidelink measurements
· FFS information extracted from SCI decoding
· FFS sidelink measurements used
· FFS UE behavior and timescale of sensing procedure
· Note: It is up to further discussion whether SFCI is to be used in sensing procedure
· Note: Sensing procedure can be discussed in the context of other modes
Resource (re)-selection procedure uses results of sensing procedure to determine resource(s) for sidelink transmission
· FFS timescale and conditions for resource selection or re-selection
· FFS resource selection / re-selection details for PSCCH and PSSCH transmissions
· FFS details for PSFCH (e.g. whether resource (re)-selection procedure based on sensing is used or there is a dependency/association b/w PSCCH/PSSCH and PSFCH resource)
· FFS impact of sidelink QoS attributes on resource selection / re-selection procedure
For Mode-2(a), the following schemes for resource selection are evaluated, including
· Semi-persistent scheme: resource(s) are selected for multiple transmissions of different TBs 
· Dynamic scheme: resource(s) are selected for each TB transmission

Agreements:
Mode-2(b) to be studied as a functionality that can be a part of Mode-2(a)(c)(d) operation, when one UE assists sidelink resource selection for other UE(s)
Note: Mode-2(b) is not supported/studied as a standalone sidelink resource allocation mode

Agreements:
· For out of coverage operation, Mode-2(c) assumes (pre)-configuration of single or multiple sidelink transmission patterns (patterns are defined on each sidelink resource pool). 
· For in-coverage operation, Mode-2(c) assumes that gNB configuration indicates single or multiple sidelink transmission patterns (patterns are defined on each sidelink resource pool)
· FFS pattern design in time and frequency for periodic and aperiodic traffic
· If single pattern is configured to transmitting UE there is no sensing procedure executed by UE
· If multiple patterns are configured to transmitting UE there is a possibility of sensing procedure executed by UE
· Pattern is defined as follows
· Size of the resource in time and frequency
· Position(s) of the resource in time and frequency
· Number of resources
· FFS pattern selection procedure by UE
Agreements:
For Mode-2(d) operation, further study the following potential radio-layer procedures including at least the following
· Procedures to become/serve as a scheduling UE for in-coverage and out-of-coverage scenarios
· The following options are identified for further study:
· Scheduling UE is configured by gNB
· Application layer or pre-configuration selects scheduling UE
· Receiver UE schedules transmissions of the transmitter UE during the session
· Scheduling UE is decided by multiple UEs including the one that is finally selected
· UE may autonomously decide to serve as a scheduling UE (self-nomination) / offer scheduling UE functions
Agreements:
Initialization of Mode-2(d) operation is FFS
For Mode-2(d) operation, further study the following potential radio-layer procedures including at least the following
· Procedure to determine a set of sidelink resources a scheduling UE can use for scheduling of other UEs
· The following options are identified:
·  Based on sensing procedure by scheduling UE
·  Configured by gNB if scheduling UE is in-coverage
·  Pre-configured if scheduling UE is out of coverage
· Transmitting UE provides information about sidelink resources to scheduling UE
· FFS behavior/algorithm of scheduling UE 
· Behavior of scheduling UE to signal scheduling decisions for transmission/reception of other UEs
· The following options are identified:
· Physical layer signaling
· Higher layer signaling
· UE behavior to (re)-select scheduling UE(s)
· UE behavior to associate to scheduling UE(s)
· UE behavior when scheduling UE stop scheduling
· Resource management to address collision/interference and half-duplex issues b/w UEs scheduled by different scheduling UEs
· Relationship between scheduling UE and UE groups from upper layer perspective
· Whether UEs from the same upper layer group are served by the same scheduling UE
· Resources used for communication before UE is associated with a scheduling UE
· Procedures to switch between Mode-2(d) from/to other submodes 



In this contribution, we provide proposals to assist Mode-2(d) operation in mobile operator bands and in bands above 6 GHz. Our proposals center around forming and managing a group of vehicles, which we will refer to as (vehicular) micro clouds, tied to a certain geographical area. Main ideas presented in this contribution are about utilizing geographically stationary micro clouds either based on pre-assigned coordinates, or micro clouds that are formed on demand also tied to a geographical region upon the detection of a certain event (such as out-of-coverage). In both of these cases, micro cloud formation boundaries can be learned in time to accommodate areas that are not covered by a gNB.

2. Vehicular Micro Cloud Framework for Resource Allocation

Clustering of nodes has been explored in the scope of sensor networks and mobile ad-hoc networks. However, many of the existing solutions fail in the domain of vehicular networks due to high degree of mobility. Building upon the concepts proposed in [2] and further refined in [3]-[5], here we describe an alternative solution that uses designated geo-positions as a reference for grouping. Hereafter, we refer this type of groups as stationary vehicular micro clouds. Note that, a stationary vehicular micro cloud, where the location of the micro cloud is either pre-determined or is decided on-demand, does not necessarily mean that the vehicles are stationary, although stationary (parked or stopped) vehicles would, by definition, be part of such micro clouds. We do not discuss the mobile version of such micro clouds where both the members and regions of grouping tend to change as vehicles move on a roadway. 

In this contribution, our focus is not explicitly on how the sidelink resource allocation and scheduling is performed, but more on how to assist the resource allocation by way of a stable grouping mechanism in which the information is always kept on the “air” in a pre-assigned or on-demand fashion. Allocation information “stays” in the air by way of handing over the relevant information/computation/task as long as there is continuity of the vehicle traffic flow. Hence, actual UE resource allocation mechanisms can be based on any one of the previously proposed schemes. 
The main challenges in this context become the management of micro clouds including the data management within the micro cloud and the potential upload of context information to a backend data center, as well as the download of information from such backend and the dissemination to all interested vehicles in the geographically local vicinity. We assume that basic resource allocation “algorithm” stays the same and can be adapted with varying number of vehicles in the region. Therefore, storing and maintaining data (i.e., providing caching capabilities for the algorithm to be executed) and consequent data replication become crucial for high reliability.

2.1.  Stationary Vehicular Micro Clouds

A vehicular micro cloud that is tied to a certain geographical region such as an intersection or any other region defined by coordinates, is defined as a stationary micro cloud. Vehicles dynamically join the stationary micro cloud using a membership management protocol when they enter the pre-defined geographical region. They leave the micro cloud when exiting that region. In other words, micro cloud is logically fixed and tied to a region and vehicles belonging to the same micro cloud collaborate with other
micro cloud members to provide services to other users. While individual vehicles may leave or join the designated region in short periods of time, the micro cloud can keep providing its services. To achieve this, other cars or nearby micro clouds in the region take over the tasks using a suitable hand-over mechanism. This concept is depicted in Figure 1.
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Figure 1. A stationary vehicular micro cloud. Vehicles join the micro cloud when entering a designated region, and leave the cloud after handing over ongoing tasks, information, etc. Parked cars can also be part of a stationary micro cloud.


Proposal 1: A stationary vehicular micro cloud that is formed and managed based on a pre-defined zone/region information can assist the mode-2(d) operation.

2.2 On-demand Stationary Vehicular Micro Clouds

A second type of stationary vehicular micro cloud is the one that is formed ‘on-demand’. This happens when a pre-defined condition is met (e.g., out-of-coverage is detected). The vehicle that detects the condition becomes a micro cloud leader and initiates a new stationary vehicular micro cloud. The vehicle initiating a micro cloud contacts neighboring vehicles via the V2V network and invites them as members of micro clouds. When the micro cloud leader leaves the micro cloud region, it hands over its role and relevant data to another micro cloud member.
[image: ]
Figure 2. On-demand stationary micro cloud. The first vehicle detecting a condition becomes the micro cloud leader inviting others to the on-demand stationary micro cloud.


Proposal 2: An on-demand stationary vehicular micro cloud that is formed and managed when a pre-defined condition is satisfied can assist the mode-2(d) operation. 

Figure 3 illustrates a generic flowchart of events to form an on-demand stationary micro cloud upon detecting an “event” such as out-of-coverage.
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Figure 3. Flowchart showing vehicular micro cloud manager entity for an on-demand stationary micro cloud. It initiates a new stationary vehicular micro cloud when a certain condition is met (depicted as event detector). Intra-micro cloud control message details are omitted for brevity.

On-demand stationary vehicular micro clouds can deal with congestion issues in in-coverage. For example, gNB can also be used to disseminate pre-learned geographical boundaries of high congestion times and regions where a Mode 2(d) operation would be necessary.
[bookmark: _GoBack]Proposal 3: The geographical zone boundaries of high congestion times and regions where mode-2(d) operation become necessary can be ‘learned’ and disseminated by gNB to make decisions for forming micro clouds.

3. Considerations on sidelink in mobile operators’ licensed bands and bands above 6 GHz

3.1.  Sidelink in mobile operators’ licensed bands

In NR-V2X, sidelink in mobile operators’bands and ITS bands has been considered. For sidelink in a mobile operator’s licensed band, we need to ensure that sidelink communication does not interfere with uplink and downlink communication in the same band. To this end, sidelink resource pools need to be carefully designed to avoid potential interference with uplink and downlink. In case of a stationary vehicular micro cloud, the sidelink communication in each micro cloud is limited in a certain geographical zone/region that does not change over time. Therefore, for sidelink in a stationary micro cloud, sidelink resource pool configuration associated with a certain graphical zone/region can be used. Such zone/region-specific characteristics make it easy to design appropriate sidelink resource pools that avoid interference with uplink and downlink in the corresponding zone/region.

Proposal 4: Sidelink resource pool configuration associated with graphical zones/regions is considered for sidelink in a stationary micro cloud.

3.2.  Sidelink in bands above 6 GHz

Sidelink frequencies for FR1 and FR2 (i.e. up to 52.6 GHz) have been considered for NR-V2X. NR sidelink in FR2 is useful to enable high data rate communication and complement the existing V2X technologies below 6 GHz. Thanks to its wide-bandwidth availability in FR2, sidelink communication in FR2 enables advanced V2X applications that require high data rate. However, the use of mmWave bands for V2X sidelink introduces several technical challenges such as high path loss, directional communication, high mobility, and blockage. To cope with these challenges, beam management for sidelink in FR2 needs to be considered. The details of design considerations on beam management for sidelink are given in [6].
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Figure 4. Overview of beam management for sidelink in FR2.

Proposal 5: Beam management for sidelink in FR2 is considered.

4. Conclusion
In this contribution we provided two methods of vehicular grouping to assist stable mode 2(d) operations. Our proposals are summarized below.
Proposal 1: A stationary vehicular micro cloud that is formed and managed based on a pre-defined zone/region information can assist the mode-2(d) operation.
Proposal 2: An on-demand stationary vehicular micro cloud that is formed and managed when a pre-defined condition is satisfied can assist the mode-2(d) operation. 
Proposal 3: The geographical zone boundaries of high congestion times and regions where mode-2(d) operation become necessary can be ‘learned’ and disseminated by gNB to make decisions for forming micro clouds.
Proposal 4: Sidelink resource pool configuration associated with graphical zonse/regions is considered for sidelink in a stationary micro cloud.
Proposal 5: Beam management for sidelink in FR2 is considered.
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