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1. Introduction
In RAN#68 Feasibility Study on LTE-based V2X Services was approved with the following objectives:

	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:
· 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]


In RAN2#92 V2V channel capacity limitations were discussed and a mail discussion was agreed:

	[92#45][LTE/V2X] Capacity Analysis - LG

· Capacity analysis unicast, SC-PTM, and MBSFN for Scenario 2 and 3. 

· Agree on a set of assumption (RAN1 assumptions are taken as a baseline and discuss the need to change any of the assumption)

· Perform the analysis and simulations for each of the agreed scenarios

· Draw conclusions/observations based on the results


The outcomes of the mail discussion are provided in [1]

In this document we analyze the Uplink latency of Uu based V2V WRT capacity limitations and provide possible way forward.
2. Discussion
2.1. UL latency vs. capacity analysis

We evaluate the latency for SPS allocation, SR 1ms periodicity and SR with 10ms periodicity. The following assumptions are taken with accordance to [1] & [2]:
· Wrap around model and traffic model are for Urban case 15kmh (eNB deployment case A.1.3-1, Traffic scenario 4), which result with maximum 175 UEs per cell
· Resource Allocation

	Message size
	PRBs
	Average PRBs

	190B
	12
	14.6

	300B
	25
	


Table 1: UL resource allocation for periodic messages 

· At most, 50% (25PRbs) are allocated for periodic messages while the rest of the resources are reserved for other purpose e.g event triggered messages
· 12 SR opportunities are multiplexed per PUCCH resource

Figure 1 shows the UL latency as a function of number of connected UEs while utilizing 50% of the available PRBs 
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Figure 1: UL latency per connected UEs
Observation 1: 
For SPS the latency is dominated by the number of connected UEs while for SR the latency is dominated by the configured periodicity

As the number of connected V2X UEs increases the use of SPS becomes unpractical and SR remains the only practical solution. Yet, the resource allocation for SR opportunity is not negligible. Table 2 shows the semi static resource allocation for SR opportunities (PUCCH format 1) for SR with 1ms periodicity and SR with 10ms periodicity

	Number of UEs
	SR 1ms periodicity (12.3ms Max Latency)
	SR 10ms periodicity (21.3ms Max Latency)

	12
	1
	<1

	50
	5
	<1

	100
	9
	1

	150
	13
	2

	175
	15
	2


Table 2: PRB utilization for SR opportunities
2.2. Dynamic SR opportunity allocation
As can be seen above in Table 2, The V2X NW designer is facing a clear tradeoff between high constant resource allocation for SR opportunities which allows reasonable UL Uu latency on one hand and a reasonable constant resource allocation for SR opportunities which allow only high latency on the other hand.
It would be beneficial to introduce an intermediate approach to allow NW scheduling flexibility as well as reasonable UL latency. A dynamic resource allocation for additional SR opportunities could be introduced.

The NW, regularly monitors the UL scheduling load, and upon identification of spare resources may dynamically allocate PUCCH resources for additional SR opportunities for UEs. in such scheme the V2X UE is semi statically configured with sparse SR opportunities e.g., with 10ms periodicity, however additional SR opportunities are provided by the NW based on available resources. 
To dynamically signal the additional SR opportunities, Phy layer enhancements are required. For example, PHICH like signaling could be introduced to efficiently signal additional group of SR opportunities in the next SF.
In table 3 and table 4 we analyze the maximum latency for legacy SR with 1 and 10ms periodicity and the maximum latency when additional dynamic SR opportunities are provided.
	Component
	Description
	Time (ms)

	1
	waiting time for PUCCH (10 ms SR period/1ms SR period)
	10/1

	2
	UE sends Scheduling Request on PUCCH
	1

	3
	eNB decodes Scheduling Request and generates the Scheduling Grant
	3

	4
	Transmission of Scheduling Grant
	1

	5
	UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)
	3

	6
	Transmission of UL data
	(1 + p*8)

	7
	Data decoding in eNodeB
	1.5

	
	Total delay [ms]
	21.3/12.3


Table 3: maximum, latency legacy SR operation
	Component
	Description
	Time (ms)

	1
	Receive and decode L1 signaling for additional SR opportunity
	2

	2
	UE sends Scheduling Request on PUCCH
	1

	3
	eNB decodes Scheduling Request and generates the Scheduling Grant
	3

	4
	Transmission of Scheduling Grant
	1

	5
	UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)
	3

	6
	Transmission of UL data
	(1 + p*8)

	7
	Data decoding in eNodeB
	1.5

	
	Total delay [ms]
	13.3


Table 4: Maximum latency with dynamic SR allocation
With dynamic allocation of additional SR allocation the NW can achieve the best in both worlds. Minimal semi static resource allocation and close to optimal latency 
Proposal 1:
Capture the UL Uu latency vs. capacity analysis in TR 36.885

Proposal 2:
RAN2 acknowledge that it is beneficial for V2X application to introduce dynamic resource allocation for additional SR opportunities
3. Conclusion 
In This document we have analyzed the UL Uu latency vs. capacity and mad the following observations and proposals:
Observation 1: 
For SPS the latency is dominated by the number of connected UEs while for SR the latency is dominated by the configured periodicity

Proposal 1:
Capture the UL Uu latency vs. capacity analysis in TR 36.885

Proposal 2:
RAN2 acknowledge that it is beneficial for V2X application to introduce dynamic resource allocation for additional SR opportunities
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