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1
Introduction
In RAN# 68, the SI Feasibility Study on LTE-based V2X Services was approved [1]. In this SI, we will enhance the legacy Rel_12 Device to Device PC5 interface to satisfy the new requirement for the new use cases of vehicle communication system, such as low latency communication for V2X, reduce resource collision, etc.  
In this paper, we will analysis and identify the impact from the new V2X requirement to the PC5 interface and give some changes and solutions with respect to PC5 interface.
2
Discussion
2.1

The definition of RSU and the role of RSU
In the legacy Rel_12 Device to Device communication, we have two resource allocation mechanisms for Device to Device communication: mode 1(scheduled resource allocation mode) and mode 2 (autonomous resource allocation mode)[2]: 
-
Scheduled resource allocation is characterized by: 

-
The UE needs to be RRC_CONNECTED in order to transmit data;

-
The UE requests transmission resources from the eNB. The eNB schedules transmission resources for transmission of Sidelink Control and data; 

-
The UE sends a scheduling request (D-SR or Random Access) to the eNB followed by a ProSe BSR. Based on the ProSe BSR the eNB can determine that the UE has data for a ProSe Direct Communication transmission and estimate the resources needed for transmission. eNB can schedule transmission resources for ProSe Direct Communication using configured SL-RNTI.

-
UE autonomous resource selection is characterized by: 

-
A UE on its own selects resources from resource pools to transmit Sidelink Control and data.

And also in [2], the use cases which mode 1 should be used and the use cases which mode 2 should be used are also defined:

-
If the UE is out of coverage it can only use UE autonomous resource selection;

-
If the UE is in coverage it may use scheduled resource allocation or autonomous resource selection as per eNB configuration;

-
If the UE is in coverage it shall use only the resource allocation mode indicated by eNB configuration unless one of the exceptional cases as specified in [16] occurs; 

-
When an exceptional case occurs the UE is allowed to use UE autonomous resource selection temporarily even though it was configured to use scheduled resource allocation. Resource pool to be used during exceptional case may be provided by eNB. 

In the SI of V2X , especially for some public safety use case, the V2X communication may happen in very remote suburban area, where there is no cell coverage, in other words, mode 2 is the only feasible radio resource allocation approach, because there is no network infrastructure to allocate radio resource for the vehicles.  
However, for mode 2, it is well known that there is collision risk due to support of UE autonomous resource selection; no collision when UE is allocated dedicated resources by the eNB. For public safety use case, even there is no network coverage in the very remote suburban area, such as desert, highland, and mountain areas, there may be a lot of vehicles require the V2X communication service, thus since mode 2 is the only mode that can be used in this circumstances, the communication resource collision will cause vehicle crash. If so, in V2X SI, we will have to study and develop solutions and optimizations to minimize the resource collision nevertheless the vehicle crash accident or some other even more severe accident may happen. 
Proposal 1: solutions and optimizations with respect to mode 2 resource allocation method should be developed to minimize the resource collision. 

In order to make sure the uniqueness of radio resources for V2X communication as far as possible, the UE shall have some unique/random parameters as the input of the algorithm. IMSI (the last 4 digits may be enough)/ ProSe UE ID (one is enough since both indicate the uniqueness of the UE in a cell), the current time (ms level should be considered since each time the UE select the radio resource is PRB level radio resource), frequency that the UE is working on, etc.

Amongst these parameters, we think the most necessary one is the current time, since to on single V2X vehicle, if the current time is not considered, one same UE will select the same resource index no regardless how many times it select, because the other parameters for a UE may not change, only the time always change, which almost means that the specific resource block is reserved for the UE, and that is definitely unacceptable for mode 2 resource allocation. The algorithm must ensure the uniqueness of the radio resource in the same time for different UEs as much as possible. 
Proposal 2: The standardized algorithm must ensure the uniqueness of the radio resource in the same time for different V2X vehicles as much as possible

[image: image1.emf]UE eNode B

eNode B

RSU

UE

S-GW

MME

P-GW

PCRF

IP Services 

IMS、PSS

HSS

Rx

SGi

Gx

S5/S8

S11

S1-U

S1-MME

X2

LTE-Uu

LTE-Uu

LTE-Uu

V2I

V2V

V2I


Figure 1: V2X architecture

The above figure 1 illustrates the V2X interfaces between these network nodes. Amongst these interfaces, the RSU connects with eNB through LTE Uu interface, and then the UE connects with RSU through PC5 interface (UE type RSU) or LTE Uu interface (eNB type RSU). 
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Figure 2: Scenario 3A or [3]

As per described in [3], scenario 3A is the scenario that a UE transmits a V2X message to other UEs in sidelink. One of the receiving UEs is a UE type RSU which receives the V2X message in sidelink and transmits it to E-UTRAN in uplink. E-UTRAN receives the V2X message from the UE type RSU and then transmits it to multiple UEs at a local area in downlink.
In this scenario the UE must have SL resources allocated from the network. So here we have two options:

Option 1: the UE have the SL radio resources allocated from the UE type RSU

Option 2: the UE have the SL radio resources allocated from E-UTRAN.

With respect to option 1, if the UE have the SL radio resources allocated from the UE type RSU, the UE type RSU has to request a dedicated resource pool for UE from E-UTRAN which E-UTRAN will not allocate these radio resources to other UEs, and then the UE type RSU use the request resource pool to allocated resource pool. If there are not enough UE request radio resources from the RSU, it will waste a lot of radio resources. On the contrary, if there are much more UEs in the coverage of RSU, the RSU may not be able to allocate radio resources for all the UEs. Therefore option 1 can’t make use of radio resources very efficiently. Since the UE is also in the coverage of E-UTRAN, so it is suggested that the UE can directly request the SL radio resources from the E-UTRAN.
Proposal 3: in scenario 3A, the UE requests SL radio resources for PC5 communication to UE type RSU from the E-UTRAN.
3
Conclusions 

In this contribution, we discussed the approaches regarding how to configure the UE that the network has traffic for this specific group. Hereby we suggest:
Proposal 1: solutions and optimizations with respect to mode 2 resource allocation method should be developed to minimize the resource collision. 

Proposal 2: The standardized algorithm must ensure the uniqueness of the radio resource in the same time for different V2X vehicles as much as possible
Proposal 3: in scenario 3A, the UE requests SL radio resources for PC5 communication to UE type RSU from the E-UTRAN.
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