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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 potential enhancement areas for Uu-based V2V, V2I/N, and V2P 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.
c) 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. Use of Uu interface in V2X
Before discussing technical options for Uu interface, it needs to be understood how LTE Uu interface will be used for V2X services. RAN2 recently agreed in [2] the following two scenarios in which Uu interface is used: Here, V2X service uses only Uu interface in Scenario 2 and Scenario3 can be interpreted as a combination of Uu and PC5.
	4.2
Scenario 2

4.2.1
General Description

This scenario supports V2V operation only based on Uu.

In this scenario, a UE transmits a V2X message to E-UTRAN in uplink and E-UTRAN transmits it to multiple UEs at a local area in downlink. 
To support this scenario, E-UTRAN performs uplink reception and downlink transmission of V2X messages. For downlink, E-UTRAN may use a broadcast mechanism. It is FFS whether E-UTRAN supports RSU function in this scenario.
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Figure 4-2: Scenario 2
4.2.2
Operation Aspects

<Text omitted>

4.3
Scenario 3

4.3.1 General Description

This scenario supports V2V operation using both Uu and PC5.

4.3.1.1 Scenario 3A

In this scenario, 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. 
To support this scenario, E-UTRAN performs uplink reception and downlink transmission of V2X messages. For downlink, E-UTRAN may use a broadcast mechanism. It is FFS whether E-UTRAN also supports RSU function in this scenario.
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Figure 4-3: Scenario 3A
4.3.1.2 Scenario 3B

In this scenario, a UE transmits a V2X message to E-UTRAN in uplink and E-UTRAN transmits it to one or more UE type RSUs. Then, the UE type RSU transmits the V2X message to other UEs in sidelink.

To support this scenario, E-UTRAN performs uplink reception and downlink transmission of V2X messages. For downlink, E-UTRAN may use a broadcast mechanism. It is FFS whether E-UTRAN also supports RSU function in this scenario.
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Figure 4-4: Scenario 3B
4.3.2
Operation Aspects

<Text omitted>


Although the text in [2] mentions only V2V operations, any technical option for Uu interface can be used (with some modification if needed) for V2I/N and/or V2P operations as they share the commonality that they use WAN UL for UE transmissions and WAN DL for UE receptions. We discuss the aspects of UL and DL in the subsequent subsections, respectively.
2.2. UL for V2X services
Noting that the current UL data transmission is based on dedicated signaling from eNB, UL solutions for V2X operations need to consider the overhead, latency, and battery consumption. 
Firstly on the overhead aspect, it needs to be taken into consideration that a UE operating only V2X services generally has a low traffic load. According to Forward Collision Warning use case in Section 5.1 in [3], typically 50 – 300 byte messages (excluding the security overhead) are generated at the frequency of 10 Hz, which is translated to 4 – 24 kbps per UE. For V2N Traffic Flow Optimisation use case in Section 5.15 in [3], the message generation frequency ranges from 0.1 Hz to 1 Hz, and the per-vehicle traffic rate becomes 0.04 – 2.4 kbps. Also for V2P services, e.g., in Section 5.18 Vulnerable Road User (VRU) Safety, the maximum frequency of message generation is one message per second. So, it would be undesirable if such low per-UE traffic can be supported in UL only with substantial signaling overhead in the air interface. As UE mobility can be high for some V2X services, the overhead here includes not only signaling for UL resource allocation but also those needed for the UE mobility management such as RRM reports and signaling during the handover procedure.
For the latency aspect, as analyzed in [4], it is not possible to meet the 100 ms end-to-end latency requirement of most safety services if a transmitting UE is in RRC_Idle mode due to the latency caused by RRC connection set up. In addition, latency caused by handover needs to be considered as well, especially for vehicles moving with high speed. In the current procedure, a UE is not able to transmit UL data for some time duration called the handover execution time in every handover attempt. Furthermore, as discussed in [4] and summarized in Table 1, high mobility of vehicle UEs leads to a substantially high handover failure rate. Noting that recovery from the handover failure requires several hundred milliseconds or more, a UE following the current UL operation may have to drop multiple consecutive messages, which should be avoided for reliable safety application as per [3]. 
For the battery consumption aspect, it may not be desirable if each pedestrian UE, which transmits V2X messages with a relatively long period like 1 sec, has to be in RRC_Connected mode where it should continuously monitor eNB signaling and exchange messages. 
Table 1. Evaluation results on the handover performance in V2X operations

	
	Urban
	Freeway Option 1
	Freeway Option 2

	
	15km/h
	60km/h
	70km/h
	140km/h
	70km/h
	140km/h

	Average ToS 
(Time of Stay in a cell)
	23.7343
	7.37298
	13.1169
	8.27957
	7.41066
	4.31343

	Successful HOs/UE/sec
	0.041773
	0.12367
	0.070895
	0.098288
	0.119501
	0.183027

	HO failures/UE/sec
	0.00036
	0.01196
	0.005343
	0.022492
	0.015439
	0.048807

	HO Failure Rate (%)
	0.854449
	8.81834
	7.00771
	18.622
	11.4416
	21.0526


Considering the aspects discussed above, one potential enhancement for UL for V2X operations is to to enable UEs to transmit UL data without having RRC connection, i.e., in RRC_Idle state. We can consider two specific usages of the approach of “UL data transmission without RRC connection”:
· This approach can be used as a tool to reduce overall signaling overhead, message latency, and battery consumption. A UE in normal RRC_Idle mode transmits V2X messages without setting up RRC connection with the network.

· This approach can be used as a fallback operation when a UE experiences problems in its RRC connection. Similarly to the exception case introduced for D2D communication mode 1, a UE in RRC_Connected mode can operate this approach when handover failure or radio link failure happens (or expected to happen).

As UL transmission with no RRC connection may have the problem of resource collision, i.e., multiple UEs use the same time/frequency resources for data transmission, RAN1 can study how to improve the message delivery reliability in this approach.

Proposal 1: V2X study needs to consider a method to send UL data without RRC connection.
From the capacity point of view, as discussed in [4, 5], LTE UL has sufficient capacity to accommodate V2V messages even in the heaviest traffic load. Thus, it can be assumed that the cost of using UL resources in Scenario 3 is marginal.

2.3. DL for V2X services
Most of V2X messages need to be delivered to all the UEs in some area (e.g., all the UEs within the target range of the transmitter in case of V2V and V2P). Thus, it is natural to consider multicast/broadcast mechanism when LTE DL is used for V2X operations. We note that, because there are many UEs in a cell, DL unicast for V2X message delivery is not a feasible option as discussed in [4]. 
LTE currently has MBMS for the multicast mechanism and is specifying SC-PTM as another solution. One challenge in using DL broadcast for V2X is the lack of spatial resource reusability: Depending on the location of the message generation UE, a V2X message generated in a cell needs to be delivered to UEs in neighboring cells. Figure 1 illustrates this situation. UE0 in Cell 0 generated a V2X message and its message needs to be delivered to UE2 and UE3 that are in the target range of UE0 but within the coverage of cell 1. Thus, the network needs to broadcast the message of UE0 both in Cell 0 and Cell 1. Moreover, if Cell 0 is not aware of the exact target range of UE0 message, the network should transmit it in any possible neighboring cells including Cell 2 in Figure 1. As a result, the same messages need to be transmitted redundantly in multiple cells, thereby reducing the possibility of spatial resource reuse of the cellular communication systems. Figure 2 shows the corresponding broadcast transmissions in the hexagonal cell layout. Here, the cells in the same color constitute one cluster in which all the cells transmit the messages generated in the center cell of the cluster. We note that all the cells in a cluster transmits the same signal in the MBMS case, so inter-cell interference disappears within each cluster. On the other hand, cells in a cluster transmits difference signal and there is inter-cell interference in the SC-PTM case although the cells in a cluster actually transmit the same message. By following the operation in Figure 2, a cell transmits message generated in it in one subframe out of a set of 7 subframes; it transmits messages generated in neighboring cells in the remaining 6 subframes of the set. As a result, the effective traffic load to LTE DL becomes sevenfold and the broadcast channel capacity can be a problem if all the generated V2X messages are transmitted in this way.
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Figure 1. An illustration of V2X message delivery to UEs in neighboring cells
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Figure 2. An example of multi-cell broadcast for V2X in the hexagonal cell layout
Although the two existing mechanisms provide the basic operation of V2X message broadcast, there are still rooms for further optimization from the physical layer viewpoint. The current MBMS is mainly designed for multimedia transmission over a wide area. So it is based on static resource allocation, which is not suitable for V2X services with strict latency/reliability requirement and dynamic change of traffic load. For example, it should be possible to increase the resource amount for V2X message transmissions when more vehicles move to an area or many event-triggered messages are generated simultaneously. In addition, the current MBMS operates with high RS and CP overhead, which is unnecessary for transmissions to an area with moderate size considering up to several hundred meters of V2V message range. SC-PTM may support more dynamic resource allocation with less overhead. However, its per-cell transmission nature is unable to exploit the benefit of MBSFN transmissions from multiple cells which can provide better quality to cell-edge UEs and also be efficient when the target area is covered by several cells by avoiding redundant transmissions in each cell. Thus, it can be useful to study an option which can provide the gain of multi-cell transmissions in an MBSFN form with more dynamic scheduling and less overhead.

One possible enhancement for DL multicast/broadcast is to apply the idea of CoMP. As mentioned above, the target coverage of a V2X message is relatively small, so only a few cells need to participate in the transmission. Such a set of cells will form a cluster, and coordinated transmission can be done within each cluster. We can consider two options for multi-cell coordinated multicast/broadcast:

· One coordination option is the joint transmission, and its effect is basically the same as MBSFN transmission in that signals from multiple cells are combined in the air. The difference from MBMS would be a lower overhead by using normal CP and dynamic adaptation of time/frequency resources according to traffic variation.

· Another coordination option is the cooperative silencing depicted in Figure 3. If cells surrounding a cell keep silent while the center cell broadcasts its V2X messages, the range of the center cell can be expanded to encompass neighboring cell UEs that are within the target range of the transmitting messages.
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Figure 3. An example of cooperative silencing for V2X in the hexagonal cell layout.

In this multicell-coordinated multicast/broadcast, PDSCH can be reused for the physical format. Table 2 compares the number of REs available for data transmissions in a PRB pair. It is noteworthy that, if the joint transmission uses PDSCH structure with the same multicast cluster as MBMS, it can achieve the SINR of MBMS and effectively the same performance can be provided with less resource consumption. For example, if MBMS uses 5 subframes per radio frame (510 REs per PRB pair per radio frame), almost the same coding rate can be provided by joint transmission (using DMRS-based PDSCH in MBSFN subframes) with 4 subframes per radio frame (528 REs per PRB pair per radio frame), which implies 20 % DL resource saving while keeping the same SINR.

Table 2. Number of available REs in the multicast/broadcast options.

	
	Number of available REs per PRB pair
	Assumption:

- Normal CP in PDSCH

- 2 symbol PDCCH

- 2 port CRS

- No CSI-RS

	PMCH
	102
	

	CRS-based PDSCH (used for SC-PTM)
	132
	

	DMRS-based PDSCH
	132 in MBSFN subframe
120 in non-MBSFN subframe
	


We first simulated the performance of V2V services only using DL broadcast (i.e., Scenario 2 in [2]) based on the existing multicast/broadcast mechanism. It was assumed that every V2V message generated in each vehicle is delivered to the eNB in an ideal manner. Details of the simulation assumptions are in Appendix B. Tables 3 and 4 show the average PRR achieved by DL broadcast in Freeway case with 70 km/h speed and Urban case with 60 km/h case, respectively. We note that DL broadcast transmission uses all the subframes in all the RBs although there is the limitation of 60 % of subframes in case of MBMS. From this result, while SFN transmissions such as MBMS provides performance benefit when compared to single-cell transmissions, we can observe that the capacity of DL broadcast may not be sufficient for V2V services if a single carrier with 10 MHz bandwidth is used, especially for Unban case. We can also observe that joint transmission provides performance comparable to MBMS even with reduced amount of resources by the resource efficiency demonstrated in Table 2.
Table 3. Average PRR for Freeway case with 70 km/h speed (Uu only)

	Distance from a TX UE (meter)
	MBMS
(100% DL resource)
	SC-PTM
(100% DL resource)
	Joint transmission

(3/4 = 75% DL resource)

	0 - 20
	0.923664
	0.812307
	0.911499

	20 - 40
	0.924700
	0.812616
	0.912725

	40 - 60
	0.921543
	0.808383
	0.912233

	60 - 80
	0.922321
	0.809092
	0.91299

	80 - 100
	0.896876
	0.781900
	0.885835

	100 - 120
	0.876941
	0.758147
	0.866663

	120 - 140
	0.875988
	0.760336
	0.865748

	140 - 160
	0.855889
	0.735731
	0.846073

	160 - 180
	0.809748
	0.698613
	0.799854

	180 – 200
	0.805308
	0.692215
	0.795709

	200 – 220
	0.791523
	0.674778
	0.782706

	220 – 240
	0.763896
	0.644867
	0.754619

	240 – 260
	0.768099
	0.648524
	0.757604

	260 – 280
	0.762049
	0.644327
	0.753224

	280 – 300
	0.753794
	0.637195
	0.745305

	300 – 320
	0.717951
	0.594282
	0.710018


Table 4. Average PRR for Urban case with 60 km/h speed (Uu only)
	Distance from a TX UE (meter)
	MBMS
(100% DL resource)
	SC-PTM
(100% DL resource)
	Joint transmission

(7/9 = 77.8% DL resource)

	0 – 20
	0.807284
	0.705533
	0.789795

	20 – 40
	0.809545
	0.700607
	0.795375

	40 – 60
	0.799741
	0.694765
	0.786038

	60 -80
	0.789312
	0.697631
	0.775739

	80 -100
	0.755456
	0.671140
	0.741842

	100 – 120
	0.711541
	0.635117
	0.698651

	120 – 140
	0.698734
	0.623518
	0.680140

	140- 160
	0.646674
	0.576931
	0.634285


Observation 1: Capacity problem can occur in using LTE multicast/broadcast mechanisms for V2X if all the messages are transmitted via DL with limited bandwidth.
Observation 2: Multi-cell coordinated multicast/broadcast based on PDSCH format has potential to improve the V2V performance compared to the existing MBMS and SC-PTM.
As another way of using LTE DL multicast/broadcast for V2V is select a subset of messages for which Uu-based transmission is more beneficial. An example can be found in Scenario 3A in [2]: The network transmits only the V2X messages relayed via a UE-type RSU. This operation can be beneficial in overcoming large pathloss of sidelink transmissions as DL channel is usually in a better propagation condition (e.g., higher eNB antenna height and transmission power, lower operation carrier frequency). As observed in [5], it seems challenging for the sidelink-alone operation to provide sufficient performance in the urban case, especially for low speed case, due to the NLOS channel of the sidelink caused by the building block. In this case, operation in Scenario 3A can be helpful: For example, a UE-type RSU is located at each intersection so that transmission from vehicles around the intersection can be received by the RSU with LOS channel condition. Then, the network can broadcast the messages received by RSUs by assuming that transmissions around an RSU need relaying operation. Table 5 shows the average PRR achieved by the operation of Scenario 3A in Urban case with 60 km/h speed: A vehicle transmits a message via PC5 interface and the other UEs attempt to receive it. At the same time, the RSU at the intersection also tries to receive it, and, if the reception is successful, the message is forwarded to the eNB for DL broadcast. In addition to the sidelink reception, vehicles UEs also attempts to receive DL broadcast which contain V2X messages. It is noteworthy that the network broadcasts only the V2X messages received by RSUs, so the overall traffic load to DL is much less than that for the Uu-only case.
	Distance from a TX UE (meter)
	PC5+MBMS
(100% DL resource)
	PC5+SC-PTM
(100% DL resource)
	PC5+JT

(7/9=77.8% DL resource)
	PC5+MBMS
(50% DL resource)
	PC5+SC-PTM
(50% DL resource)
	PC5+JT

(7/17=41.2% DL resource)
	PC5 only

(0% DL resource)

	0 - 20
	0.912997
	0.912553
	0.912304
	0.908164
	0.907306
	0.910890
	0.908216

	20 - 40
	0.929338
	0.926887
	0.927414
	0.925846
	0.922422
	0.927499
	0.915566

	40 - 60
	0.923291
	0.919551
	0.925698
	0.921500
	0.915720
	0.919331
	0.900496

	60 -80
	0.910038
	0.904154
	0.911865
	0.901365
	0.892278
	0.896613
	0.861020

	80 -100
	0.894634
	0.887401
	0.893033
	0.880713
	0.868493
	0.879495
	0.830699

	100 - 120
	0.852322
	0.842290
	0.849501
	0.834383
	0.820025
	0.830979
	0.761822

	120 - 140
	0.795858
	0.784204
	0.792248
	0.773928
	0.756866
	0.761776
	0.679810

	140- 160
	0.723871
	0.709641
	0.721402
	0.696418
	0.675933
	0.691859
	0.584504


Table 5. Average PRR for Urban case with 60 km/h speed (Uu+PC5)

From this result, using Uu interface, more specifically DL broadcast mechanism, can be beneficial in resolving the issue of NLOS channel which is the bottleneck in PC5-based V2V in Urban case. This can motivate the idea of using a combination of PC5 and Uu as a method to handle heavy traffic load problem [6]. 
We note that the joint transmission option in this evaluation uses the same clustering as Figure 2, but more efficient operation can be done by adjusting the CoMP cluster depending on the transmitted messages. For example, when the network transmits messages received by a certain RSU, it is aware of the location of the RSU and the corresponding target range of the received messages, so it can limit the joint transmission of such messages to the set of cells overlapping with the target range. In other words, some cells in the cluster in Figure 2 do not need to participate in the actual transmission of messages received by an RSU, and it can provide more benefit if those cells are muted or used for transmission of other messages.

Observation 3: DL multicast/broadcast can be beneficial in improving the performance of the urban cases, e.g., by forwarding V2X messages relayed via RSUs located at the intersection.
Proposal 2: V2X study needs to consider enhanced DL multicast/broadcast which enables dynamic multi-cell coordinated transmission with less overhead.

3. Conclusion
This contribution discussed potential enhancement areas for Uu-based V2X. The discussions can be summarized as follows:

Proposal 1: V2X study needs to consider a method to send UL data without RRC connection.
Observation 1: Capacity problem can occur in using LTE multicast/broadcast mechanisms for V2X if all the messages are transmitted via DL with limited bandwidth.
Observation 2: Multi-cell coordinated multicast/broadcast based on PDSCH format has potential to improve the V2V performance compared to the existing MBMS and SC-PTM.

Observation 3: DL multicast/broadcast can be beneficial in improving the performance of the urban cases, e.g., by forwarding V2X messages relayed via RSUs located at the intersection.
Proposal 2: V2X study needs to consider enhanced DL multicast/broadcast which enables dynamic multi-cell coordinated transmission with less overhead.
______________________________________________________________________
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Appendix A. Simulation assumptions for handover performance evaluation

Simulation assumptions are based on those in [7]. Details are summarized in the following table.
	Parameter
	Assumption

	Cell loading
	100%

	TimeToTrigger [ms]
	160

	a3-offset [dB]
	2

	L1 filtering time
	200ms

	L3 filter parameter K
	1

	Measurement error modeling
	To obtain the 90% bound for +/- 2 dB, a normal distribution with deviation = 2 dB / (sqrt(2)*erfinv(0.9)) = 1.216 dB can be used (ref: TS36.133). The RSRP measurement error can be added before or after L1 filter as long as the error requirement mentioned above is met at the input of L3 filter.

For calibration purposes, there is no measurement error modelling with wideband CQI for radio link monitoring and HOF decision.

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms


Appendix B. Simulation assumptions for DL broadcast evaluation

The assumption in [5] is used for PC5 operations. Additional assumptions are summarized in the following table.

	Parameter
	Assumption

	System bandwidth
	10MHz (DL) / 10 MHz (SL)

	UL operation
	Ideal transmission from RSU to eNB

	Carrier frequency
	2.0GHz (DL) / 6.0GHz (SL)

	Tx power
	46dBm (eNB) / 23dBm (UE, RSU)

	Antenna configuration
	2 Tx and 2 Rx (eNB) / 1 Tx and 2 Rx (UE) 

	Antenna gain
	17dBi (eNB) / 3dBi (UE, RSU)

	Modulation
	QPSK or 16 QAM (DL) / QPSK (SL)

	RSU deployment
	One RSU at every intersection in Urban case

	Channel model for RSU
	Model for V2V evaluation is reused except 10 m antenna height of RSU.
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