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1 Introduction
The Working Item for LTE to support V2X services was revised and agreed in RAN#73 [1]. Objectives 1) include support of enhancements of Uu transport broadcast solutions for V2X services. RAN2#95 made agreements on geo-location mechanisms. RAN1 assumption is that geo-location reporting mechanism specified for PC5 transport is re-used for Uu transport [2].  This contribution presents capacity performance evaluation of SC-PTM enhancements for Uu-based V2V and V2P with UE assistance information in network.

  To specify enhancements to both SC-PTM and MBSFN transmissions for support of V2X services including:

a) DL transmission in small areas based on geographical information, with necessary coordination with SA2 (note: Depending on the solutions, the specification(s) may or may not be impacted) [RAN3]

i) Based on input from SA2/RAN3, determine whether any additional enhancement is necessary to reduce control plane latency and specify a solution (as identified in TR 36.885) if needed [RAN2]

b) Shorter modification/repetition period(s) of MCCH and SC-MCCH, and shorter MCH scheduling period(s) [RAN2, RAN3]
2 V2X Scenario and Requirements
Scenarios 2 with V2V and V2P operations on Uu transport is illustrated in Figure 1. Vehicle UEs (V-UEs) and/or pedestrian UEs (P-UEs) transmit automotive Basic Safety Messages (BSM) to the eNB via unicast transport on the UL. The eNB further broadcasts the received automotive messages to all V-UEs within the cell coverage on the DL. In this contribution, considered broadcast methods with Single-Cell Point-to-Multicast (SC-PTM) and DL capacity analysis are provided.  UL unicast mechanisms and UL capacity analysis are not in scope. 
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Figure 1. V2X via Uu transport.

SC-PTM transmission is preferred to MBSFN as it has a number of advantages as listed below  
· Does not require network synchronization 

· Broadcast area can be dynamically adjusted cell by cell for group communication
· More flexible resource allocation in time and frequency domain (via PDCCH with G-RNTI, PDSCH)
The density requirement for V2V is the required number of vehicles per cell transmitting Basic Safety Messages (BSM) with a 10 Hz frequency and 100 ms e2e latency at a Packet Reception Ratio (PRR) sufficient to ensure high reliability. For V2P, the BSM frequency is 1 Hz.  This is referred to as density requirement throughout the remainder of this contribution. The urban layout described in TR 36.885 is used [3]. The simulation area size is [1299m × 750m] and ISD=500m, with the number of cells being 13.5 approximately. 
The density requirements for urban layout are shown in Table 1 (further details on derivations can be found in [4]). The density requirement for V2V is based on inter-vehicle distance (2.5second ×  vehicle speed), 4 lanes per road, and urban grid as described in TR 36.885. The density requirement for V2P is based on TR 36.885 assumption of 500 vehicles in urban grid.

	Urban scenarios
	Scenario 3
	Scenario 4

	Speed(km/h)
	60
	15

	Density requirement (V-UEs/cell)
	44
	176

	Density requirement (P-UEs/cell)
	35

	Message frequency V-UEs / P-UEs
	10 Hz / 1 Hz


Table 1. V2X density Requirements.
In order to take into account the broadcast of V2P automotive messages, approximately 35 P-UEs per cell  (i.e. 500 P-UEs / 14 eNB sites) are added to the density requirements as shown in the last row of table 1.

3 SC-PTM enhancements for V2X 
In lightly or medium loaded cell loads, eNB sites co-ordinate SC-PTM broadcast to minimize inter-eNB interference by using DL resources not used by neighbouring eNBs. For example, assuming an average cell load of less than 50% interference from first-tier interfering eNBs can be reduced by about half with soft frequency reuse. We refer to this way as soft frequency re-use SC-PTM method. Due to the periodical nature of typical basic safety message and the predictability of vehicles movements in and out of cells, soft frequency re-use may readily be implemented in the network with eNB coordinating SC-PTM transmissions in their respective cells. Note that a vehicle moving at 60 km/h would typically be in coverage of same eNB for several seconds assuming Inter Site Distance ISD) of 500 meters which should make impact of signaling latency over X2 interface marginal.

In case geo-location knowledge of V-UEs and P-UEs is available in the network, eNBs may as in soft-frequency reuse method co-ordinate SC-PTM broadcast to minimize inter-eNB interference by using DL resources not used by neighbouring eNBs. When not possible to find “unused” DL resources, eNBs prioritize use of DL resources not used by neighbouring eNBs for distant V-UEs more likely to suffer significant degradation in packet reception reliability. We refer to this way as soft frequency re-use with geo-location or geo-location SC-PTM method for short. Note that this scheme requires support of positioning technology in Radio Access Network with some impact on eNB and UE implementation and UE assistance information report signaling overhead. RAN1 assumption is that geo-location reporting mechanism specified for PC5 is re-used for Uu. 
The PRR performance of the three considered SC-PTM methods was simulated at system level. The UE dropping method and traffic model are based on TR 36.885. The un-coordinated SC-PTM method is the baseline with no soft frequency re-use or geo-location support. Geo location with N=2 Zone IDs is used in SLS simulations. Scenario 3 is urban 60 km/h. The values of n=7 indicated in the table is as used in Uu-based V2V capacity evaluation in TR 36.855.  Further system-level simulator parameters are given in Table 3 in Appendix.

Table 2 shows the simulated PRR in range (N*20, (n+1)*20)m for the three considered SC-PTM methods. 

· PRR for V2V does not include any P-UE BSMs relayed by eNB to V-UEs in the cell and all resources for broadcast SC-PTM are available for V-UE BSMs. 

· PRR for V2V and V2P include P-UE BSMs relayed by eNB to V-UEs in the cell. Spare DL resources (i.e. not used by the eNB to relay V-UE BSMs to V-UEs in the cell) are used by the eNB to relay P-UE BSMs to V-UEs via SC-PTM.  

· PRR for V2V and V2P with very high P-UE density is with 10 times the required number of P-UEs per cell – i.e. 350 P-UEs / cell (10 x 35).

V2V requirements are met for scenario 3 by the 3 SC-PTM methods with achieved PRR ≥ 90%. V2V and V2P requirements is approximately met by the un-coordinated SC-PTM method with PRR=88%. With very high P-UE density, the uncoordinated SCP method achieves a PRR=77% which is significantly less than the PRR=90% requirement. The enhanced SC-PTM methods provide significant PRR gains in very high density scenario.

	SC-PTM method
	Un-coordinated 
	Soft Frequency Reuse
	Geo-location

	V2V
	0.90
	0.91
	0.94

	V2V and V2P
	0.88
	0.90
	0.93

	V2V and V2P with very high P-UE density
	0.77
	0.88
	0.92


Table 2. Average PRR for Uu-based V2X  (a=n*20m, b=(n+1)*20m) for Scenario 3 and n=7
Using geo-location SC-PTM method can further increase gain compare to the baseline, though the gain compare to using soft frequency reuse only is relatively smaller.  
Note

The V2V requirements for scenario 4 (urban 15 km/h) n=2 is met with PRR=0.91 with un-coordinated SC-PTM method.   Further optimization of parameters for the considered SC-PTM enhancements will be needed for V2V and V2P with very high P-UE density.
Observation 1: SC-PTM baseline solution can meet V2V and V2P requirements
Observation 2: SC-PTM enhancements with soft-frequency reuse can provide significant PRR improvements for V2V and V2P in high-density P-UE scenarios
Observation 3: SC-PTM enhancements with geo-location provide relatively smaller PRR improvements compare to simpler SC-PTM with soft-frequency re-use
Proposal 1: SC-PTM enhancements with soft frequency reuse and geo-location should be further considered for Uu transport of V2V and V2P
4 Conclusion
The performance of SC-PTM enhancements for Uu-based V2X was simulated and analyzed. It was shown that the V2V and V2P requirements can be met in scenario 3.
Observation 1: SC-PTM baseline solution can meet V2V and V2P requirements
Observation 2: SC-PTM enhancements with soft-frequency reuse can provide significant PRR improvements for V2V and V2P  in high-density P-UE scenarios
Observation 3: SC-PTM enhancements with geo-location provide relatively smaller PRR improvements compare to simpler SC-PTM with soft-frequency re-use
Proposal 1: SC-PTM enhancements with soft frequency reuse and geo-location should be further considered in RAN1 for Uu transport of V2V and V2P
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6 Appendix

	Parameter
	Value

	Deployment scenario
	Urban, 60 km/h

	Cellular Layout
	19 cells

	Inter-site distance
	500m for urban

	Carrier frequency
	2000MHz

	Bandwidth
	10MHz

	Duplex method
	FDD

	Packet sizes
	190 Bytes/300 Bytes (V2V), 300 Bytes (V2P)

	SC-PTM configuration
	10 subframes used, MCS 6 (QPSK, 1/3 code rate), SFBC 2Tx


Table 3. V2X SC-PTM SLS parameters
