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1. Introduction
A new study item for LTE-based V2X was approved in [1], and the feasibility and necessary enhancements are to be studied for all the three V2X services, V2V, V2I, and V2P. This contribution discusses on the enhancement for supporting eNB type RSU according to the SID objective:

3) For support of Uu transport for V2V, and PC5/Uu transport for V2I/N and V2P services (to be completed by RAN#72 – June 2016), at least including:
a) Evaluate the feasibility of Uu transport for V2V and V2P in terms of meeting latency requirements, network coordination required, resource efficiency, and energy efficiency of UE,. [RAN1, RAN2, RAN3]

b) Identify and evaluate enhancements required to support each of eNB type and UE type RSU [RAN1, RAN2, RAN3]. According to the current SA status, RAN2 will not study solutions for UE-to-UE relaying based on a new architecture for UE-type RSU.
Identify and evaluate the necessity of enhancements to multi-cell multicast/broadcast for reduced latency and improved efficiency [RAN1, RAN2, RAN3].
2. Discussions
2.1. I2V operation via downlink
In I2V operation of message transmission via downlink, I2V traffic is generated per intersection for urban case. Most of V2X messages need to be delivered to all the UEs in some area. Thus, it is natural to consider multicast/broadcast mechanism when LTE downlink is used for V2X operations. LTE currently has MBMS for the multicast mechanism and is specifying SC-PTM as another solution. 
For reliable transmission of messages, LTE cells (i.e., eNB type RSUs) associated with each intersection can transmit messages together to the UEs within the coverage of the intersection. The method of association of cells with each intersection is shown in Figure 1. First, it can be shown that each intersection is numbered from 0 to 13 (i.e., total 14 intersections per 7site urban grid). Then the association can be divided into 2 phases according to its I2V transmission timing. In transmission timing 1 (or Phase 1), 3 cells associated with an even-numbered intersection (i.e., 0, 2, 4, … , 12) jointly transmit downlink I2V messages as shown in Figure 1 (a). Similarly in transmission timing 2 (or Phase 2), 3 cells associated with an odd-numbered intersection (i.e., 1, 3, 5, …, 13) transmit I2V message together as shown in Figure 1 (b). For each phase, all the 21 cells in 7 sites participate in the I2V transmission.
Basically, 2 subframes can be used to perform the 2 phase downlink I2V operation. The eNB type RSUs associated with even-numbered intersections receive V2X messages within a specific duration (e.g., 100ms) and transmit the buffered messages to the UEs in a certain subframe. The eNB type RSUs associated with odd-numbered intersections also transmit the buffered messages in another subframe.

Table 1 shows the performance result in PRR metric of (Uu) I2V transmission. Both of the MBMS and SC-PTM method is evaluated and the resource usage in a downlink subframe is 10 / 20 / 50 RBs which means 0.4% / 0.8% / 2.0% of resource usage in the whole downlink resources in 10HMz bandwidth system. It can be observed that by using 20RBs of resources in a downlink subframe (0.8% of resource usage) only the MBMS method satisfies the performance requirement (i.e., 90% of PRR) while SC-PTM method should use full 50 RBs to meet the requirement. 
For comparison, we also evaluated PC5-based V2V operation and PC5-bsed I2V (UE type RSU-to-V-UEs) in companion contribution [3]. UE type RSU and vehicle transmission share the same carrier. Here, it was assumed that ‘sensing based resource selection + location based resource partition’ [2] are applied to the transmissions of both UE type RSU and vehicle, and I2V traffic model1 was assumed. As shown in [3], it can be found that Uu based I2V with MBMS transmission (with downlink resource usage 0.8%) outperforms the PC5 based I2V. Thus, it is beneficial to use Uu based I2V (eNB type RSU-to-V-UEs) operation on top of the deployment of the LTE eNBs only using the small fraction of downlink resources (less than 1%).
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(a) Cell associations in I2V phase 1                         (b) Cell associations in I2V phase 2

Figure 1. Cell associations in I2V for each phase
Table 1. Performance results of (Uu based) I2V operations for Urban case with 60 km/h speed
	Range (m)
	Uu-based I2V

(MBMS)
	Uu-based I2V

(SC-PTM)

	
	Downlink resource usage
	Downlink resource usage

	
	0.4%
	0.8%
	2.0%
	0.4%
	0.8%
	2.0%

	0 ~ 20
	0.904983
	0.989881
	0.991071
	0.368675
	0.806434
	0.984127

	20 ~ 40
	0.864565
	0.994048
	1
	0.412002
	0.844448
	0.994841

	40 ~ 60
	0.812012
	0.980293
	0.991071
	0.490464
	0.889022
	0.98746

	60 ~ 80
	0.755709
	0.918707
	0.928571
	0.53635
	0.78289
	0.922294

	80 ~ 100
	0.809823
	0.993263
	1
	0.639414
	0.943809
	1


Observation: Uu based I2V operation with eNB type RSU outperforms PC5 based I2V operation with UE type RSU only using small fraction of additional downlink resources.

2.2. V2I operation via uplink 
2.2.1. Issues for uplink V2I operation 
For the operation of uplink V2I, resource allocation from eNB is required according to the generation of UE messages. During the scheduling of uplink resources, control overhead and the scheduling latency may occur unavoidably. We can consider two options for UL scheduling: One is dynamic scheduling based on SR with or without BSR and the other is SPS.
Control overhead

The result of uplink and downlink overhead analysis for each scheduling scheme is summarized in [4]. It can be shown that using SPS can substantially reduce control overhead both in uplink and downlink, and this is especially beneficial when the number of UEs per cell is large (i.e., 15 km/h in urban grid case and 70 km/h in freeway case). 

Latency
One way of reducing the overhead is to increase the period of UL transmission resources for SR or SPS. However, this will increase the latency as analyzed in [5]. In case of SPS, when the message generation timing and the location of SPS resources is not aligned, the latency may be more increased as much as the time gap. 
Handover will additionally contribute to latency of V2X message delivery (even if handover is successful), because UE cannot transmit a message in uplink during handover procedure. Handover failure and radio link failure will be another source of latency of V2X message delivery, because UE cannot transmit a message in uplink during handover and connection re-establishment.

2.2.2. Solutions for uplink V2I operation
SPS optimization
As mention above, the SPS has the benefit in terms of control overhead and battery efficiency. One problem is that the latency can be increased if the SPS period is set to the message generation period while the time gap between the two is set arbitrary. One solution is to introduce a way of aligning the two time instance so that the SPS opportunity appears after the message generation time instance with a reasonable time gap as shown in Figure 2. Another solution is to allow multiple UEs to share the same SPS resources with a short period (i.e. SPS resource allocation with finer granularity than that of single UE)  as shown in Figure 3. In the latter case, a mechanism needs to be considered to mitigate the negative impact of collision among multiple UE transmissions. 
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(a) Large latency between message generation and actual transmission in normal SPS operation
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(b) Reduced latency by aligning message generation timing and actual transmission timing

Figure 2. Aligning SPS transmission time instance with message generation timing 
with a reasonable time gap
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Figure 3. Sharing of same SPS resources between multiple UEs
Fallback mechanism
When the eNB scheduling is not feasible (e.g., in case of link problem such as handover failure (HOF) or radio link failure (RLF)), fallback mechanism can be considered instead. For example, the UE may try to use a separately reserved resource without receiving UL grant from the eNB. This is similar to the fallback operation of Rel-12 D2D communication, where a UE using Mode 1 uses Mode 2 resource pool in some exceptional cases such as when RLF timer is running. 

RACH enhancement
RACH procedure can take place frequently in V2X operations. One reason is frequent handover caused by high vehicle mobility. If a V2X UE frequently moves to RRC_Idle state for some reason, the UE may need to perform RACH procedure whenever it returns to RRC_Connected state to send a V2X message. The reason of moving RRC_Idle state could include
· Battery saving in a pedestrian UE

· Reducing air interface overhead caused by frequent handover and RRM report.
Thus, it can be beneficial to reduce the resource overhead reserved for PRACH preamble transmissions.
 If the coverage of the cells deployed for V2X coverage is not so large, the length of the RACH preamble can be shortened and several preambles can be multiplexed within a subfarme in a TDM manner. For example, PRACH preamble 4, which spans about 2 SC-FDMA symbols (i.e., slightly longer than 2 SC-FDMA symbols), can be considered. If neighboring cells are synchronized, and handover can be performed even without the attempt of RACH procedure to reduce the RACH overhead further.

Proposal: SPS needs to be optimized to reduce the latency for uplink V2I operation.

Proposal: Fallback mechanism can be adopted when the eNB scheduling is not feasible.
Proposal: It can be beneficial to reduce the resource overhead reserved for PRACH preamble transmissions.

3. Conclusion
This contribution discussed on the performance of eNB type RSU for Uu-based I2V operation. Issues for Uu-based I2V operation and solutions were also discussed. Our proposals and observations can be summarized as follows:

Proposal: SPS needs to be optimized to reduce the latency for uplink V2I operation.

Proposal: Fallback mechanism can be adopted when the eNB scheduling is not feasible.
Proposal: It can be beneficial to reduce the resource overhead reserved for PRACH preamble transmissions.

Observation: Uu based I2V operation with eNB type RSU outperforms PC5 based I2V operation with UE type RSU only using small fraction of additional downlink resources.
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