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1 Introduction

At RAN# 68, the Study Item of LTE V2X was approved, for which the following aspect will be considered [1]:
1) 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]
…

c) Identify and evaluate the necessity of enhancements to multi-cell multicast/broadcast for reduced latency and improved efficiency [RAN1, RAN2, RAN3].

As the system evaluation for V2P has not been decided in RAN1 yet, in this document, we analyze the latency requirements and the potential solution to support V2V messages transmission via Uu interface.
2 Uu transport analysis for V2V

2.1 Whether the existing MBMS/SC-PTM architectures can satisfy the V2X latency requirement?

Whether the existing MBMS/SC-PTM architectures can satisfy the latency requirement for scenario 2 has been discussed in last meeting [2], majority companies think that RAN3 should wait for RAN2 decision on latency evaluation. 
The evaluation results of RAN2[3] point out that E-UTRAN can meet V2V latency requirement when the source UE is in RRC_CONNECTED state and transmits a V2X message via a unicast bearer in uplink and all destination UEs receive it via MBMS/SC-PTM in downlink. The reason why they assume the source UE is in RRC_CONNECTED is that the UE will send one V2V message every 100 ms according to V2V traffic model. 
Table 1 lists the common parameter set determined in [3], Table 2 shows the overall latency results.

Note that the evaluation method is listed in the annex part of this contribution.
Table 1 Values of parameters used in latency analysis
	Parameters
	Value(s)
	Description

	SR period
	10
	The typical SR period for scheduling request are considered. 

	Target BLER (%)
	10
	Target BLER is commonl applied for DL and UL transmission.

A single value is considered. 

	backhaul delay-sub_a for broadcast 
	15
	The latency of eNB-->SGW/PGW-->ITS AS-->BM-SC.  

	backhaul delay sub_b for broadcast
	5
	The latency comprising the latency for BMSC->eNB (including processing delays at BM-SC)

	MCH scheduling period (MSP)
	40
	A single value of MSP is considered. 

	SCPTM scheduling period (SSP)
	1
	According to Rel-13 standard, SCPTM period can be 1ms.

	Upper layer processing 
	3ms
	Application layer processing for source UE, destination UE and RSU. 

A single value is considered. 


Table 2 Overall latency results

	Scenario#
	UE in RRC_CONNECDED

	　
	Mean
	Max

	UL→DL_mbms
	72.3
	97.3

	UL→DL_scptm
	52.8
	58.3


Observation: Existing MBMS/SC-PTM architectures can satisfy the V2V latency requirement for scenario 2 when UE is in RRC_CONNECDED.

2.2 Potential solution for Uu interface transmission
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(a) SC-PTM                                     (b)  MBSFN
Figure 1 System architecture of SC-PTM and MBSFN
SC-PTM and MBSFN illustrate in Figure 1 have been adopted as transport solutions for MCPTT services. They can also be considered to support Uu transport of V2V services. According to the logic of MCPTT, each vehicle should join in one or several vehicle groups, and each group is configured with one MBMS service and associated with one TMGI. A vehicle is required to receive V2V messages from other members in the group. 
There are two options could be considered to support V2V services based on SC-PTM/MBSFN architecture:

· Alternative 1: one global group for V2V services.

In this alternative, a global vehicle group, which constituted by all the vehicles on the road in the network, is defined for V2V services and a dedicated TMGI is used for this vehicle group. Under this assumption, there is no need to perform the service group switching related operations within the network, or a very large area.
However, as all the vehicles belong to the same group, the V2V message from each vehicle will be transmitted to all vehicles in this global vehicle group. 
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Figure 2 Global V2V group

As most of the V2V messages are only useful for the vehicles nearby, or at least not too far away from the source vehicle, the downlink multicast transmission in this global group is not efficient from resource point of view, and the downlink multicast load will also be high. 
Therefore, if the global group is used for V2V service, some enhancement is needed to allow the V2V traffic only forwarded within a subset of the cells belonging to the global group. 
· Alternative 2: multiple local groups for V2V services

As it is not necessary for a vehicle to transmit a V2V message to other vehicles far from itself, a localized grouping could be considered, i.e. setup several local V2V groups coexist to support V2V services where each group is consist of several neighbouring cells, each local group has its own TMGI. 
In this case, the V2V messages will only be forwarded to the cells belong to associating local V2V group(s), which can significant improve the network resource efficiency. But the drawback of this alternative is the complicated group management. 
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Figure 3 Local V2V groups
Proposal: RAN3 to discuss which solution to use to support V2V Uu transmission, one global V2V group, or multiple localized V2V groups. 
3 Conclusion
In this contribution, we analyze the latency requirements and the potential solution for Uu interface to transmit V2V messages, and get the following observation and proposal:

Observation: Existing MBMS/SC-PTM architectures can satisfy the V2V latency requirement for scenario 2 when UE is in RRC_CONNECDED.

Proposal: RAN3 to discuss which solution to use to support V2V Uu transmission, one global V2V group, or multiple localized V2V groups. 
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5 Annex
Table 3 Latency for V2V message transmission from V-UE to eNB via UL with dynamic scheduling with a separate BSR
	Sub-component
	Time (ms)
	Description

	
	Min
	Mean
	Max
	

	Uplink transmission
	Mean
	17.5+SR period/2 + (1+8*Target BLER%/100)


	17.5+SR period + (1+8*Target BLER%/100)


	Referenced from Table A.1 of TR 36.881:
1. Average delay to next SR opportunity SR periodicity/2
2. UE sends SR 1 TTI
3. eNB decodes SR and generates scheduling grant 3 TTI
4. Transmission of scheduling grant (assumed always error free) 1 TTI
5. UE processing delay (decoding Scheduling grant + L1 encoding of data) 3 TTI (1.5+1.5)

5.1. UE sends BSR 1TTI

5.2. eNB decodes SR and generates scheduling grant 3TTI

5.3. Transmission of scheduling grant (assumed always error free) 1TTI

5.4. UE processing delay (decoding Scheduling grant + L1 encoding of data) 3TTI (1.5+1.5) 
6. UE sends UL transmission (1 + p*8) TTI where p is initial BLER
7. eNB receives and decodes the UL data 1.5 TTI
Note. Step 5.1 to 5.4 is added for the case the latency for BSR should be separately considered

	Total
	Mean
	17.5+SR period/2 + (1+8*Target BLER%/100)


	17.5+SR period + (1+8*Target BLER%/100)


	


Table 4 Latency for network processing of received V2V message for MBMS transmission
	Sub-component
	Time (ms)
	Description

	
	Min
	Mean
	Max
	

	eNB(SGW/PGW(ITS AS(BM-SC
	Mean
	Max
	backhaul delay sub_a
	

	BM-SC ( eNB
	Mean
	Max
	backhaul delay sub_b
	

	Total
	Mean
	Man
	backhaul delay sub_a + backhaul delay sub_b
	


Table 5 Latency for network processing of received V2V message for SCPTM transmission

	Sub-component
	Time (ms)
	Comments

	
	Min
	Mean
	Max
	

	eNB(SGW/PGW(ITS AS(BM-SC
	Mean
	Max
	backhaul delay sub_a
	

	BM-SC ( eNB
	Mean
	Max
	backhaul delay sub_b
	

	Total
	Mean
	Max
	backhaul delay sub_a + backhaul delay sub_b
	


Table 6 Latency for V2V message transmission from eNB to V-UE via MBMS

	Sub-component
	Time (ms)
	Description

	
	Min
	Mean
	Max
	

	Wait for MTCH opportunity
	2
	MSP/2+1
	MSP+1
	Depending on packet arrival time at eNB and MCH Scheduling Period (MSP) \

	DL transmission 
	2.5
	2.5
	2.5
	Assumed 1ms TTI and 1.5ms UE L1/L2 processing time.


	RX UE processing
	upper layer processing
	upper layer processing
	upper layer processing
	

	Total
	4.5+ upper layer processing
	3.5+MSP/2+ upper layer processing
	3.5+MSP + upper layer processing
	


Table 7 Latency for V2V message transmission from eNB to V-UE via SCPTM

	Sub-component
	Time (ms)
	Description

	
	Min
	Mean
	Max
	

	Wait for SCPTM opportunity
	2
	max(SSP/2+1,2)
	SSP+1
	Depending on packet arrival time at eNB and SCPTM Scheduling Period (SSP) 

	DL transmission 
	2.5
	2.5
	2.5
	1ms TTI and 1.5ms UE L1/L2 processing time are assumed.


	RX UE processing
	upper layer processing
	upper layer processing
	upper layer processing
	

	Total
	4.5 + upper layer processing
	2.5+max(SSP/2+1,2)+upper layer processing
	3.5+SSP)+upper layer processing
	


Notes: In table5 and table6, 1.5 ms TTI for eNB processing and scheduling was also considered in the final result.
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