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Introduction
Vehicle related communication was studied in LTE Rel-14 with two work items of V2V and V2X that completed in September 2016 and March 2017 respectively. Currently advanced use cases for V2X services categorized into four use case groups including vehicles platoonning, extended sensors, advanced driving and remote driving are given by SA1. For the purpose of supporting the advanced use cases above, a new work item of enhancement on V2X services is approved in WID [1] as V2X phase 2. 
In the Rel-15 V2X phase 2 work item, new PC5 functionalities are introduced in [1] with backward compatibility with Rel-14 V2X services and the following objective is given:
1. Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]
a) Carrier aggregation (up to 8 PC5 carriers);
b) 64QAM;
c) Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;
d) Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;
In this contribution, we provide some preliminary considerations on reduction of the maximum time between packet arrival at Layer 1 and resource selected for transmission.
Latency reduction for mode 3
The main components of transmission latency in V2X mode 3 and mode 4 are different and the corresponding solutions should be discussed separately. 
For V2X mode 3 operation, latency mainly happens in the SR-BSR process. Detailed latency of each step in the SR-BSR process was analyzed in [2] in the last meeting. Based on the conclusion in [2] the latency of V2X mode 3 is ~19.5ms and needs to be further reduced. In our opinion, both Layer 1 enhancement and higher layer enhancement should be involved in mode 3 latency reduction study, and the Layer 1 work could be discussed in the sTTI feature aspect in V2X Phase 2.
Proposal 1: Latency reduction for V2X mode 3 could be studied in the sTTI aspect.
Latency reduction for mode 4
For V2X mode 4 operation, the latency between packet arrival at Layer 1 and resource selected for transmission consists of processing delay and resource selection delay. When sensing is configured for mode 4 UE, the resource selection delay can be effectively reduced by using shorter selection window [n+T1, n+T2] i.e. reducing the value of T2. In Rel-14 design, the value range of selection window parameters are [image: ] and [image: ], and the decision of T2 value in the given range should also meet latency requirement. We think the minimum value of T2 in Rel-15 should be further reduced based on traffic characteristic to achieve latency reduction.
However there is a trade-off between latency reduction and system reliability since lower T2 value will reduce the number of candidate resources in selection window and reduce the probability of finding transmission resource with interference lower than given threshold. Therefore reduction of T2 will increase collision and lead to PRR performance degradation.
Observation 1: For V2X transmission mode 4, reduction of the minimum value of T2 could reduce the maximum latency between packet arrival at Layer 1 and resource selected for transmission, but also degrades system PRR performance.
Consider that new V2X scenarios have different latency requirements, e.g. typically 10ms and even as low as 3ms, the associated minimum values of T2 change depending on traffic characteristics and have different degrees of impact on system reliability and PRR performance. Therefore we suggest the latency target for V2X Phase 2 should be decided at first. Then the PRR performance of typical scenarios with utilization of latency reduction methods should be evaluated to decide whether extra enhancement on reliability is necessary. Some scenario with heavy PRR performance degradation or with impracticable latency target should not be supported in V2X Phase 2.
Proposal 2: Clarify the latency requirement of typical scenarios or traffics at first, and the range of T2 could be decided based on latency target. 
Proposal 3: With modified minimum value of T2, the system level PRR performance should be evaluated to decide whether extra enhancement on reliability is necessary.
Other solutions of latency reduction could be further studied. For example, resource pool configuration decides available subframes for resource selection and thus affects latency, especially when multiple non-overlapped resource pools (e.g. non-shared mode 3 pool and mode 4 pool) co-exist. Appropriate resource pool configuration is beneficial to latency reduction. Multiple SPS processes might also help UE to find earlier resource for transmission. 
Furthermore, the impact of latency reduction methods on other V2X mechanisms should also be noticed. Shorter CBR/CR measurement period might be necessary, and potential modifications on Rel-14 sensing process should be further studied.
Conclusion
This contribution discusses possible solutions of latency reduction and analyzes the impact on system performance with the following observation and proposals:
Proposal 1: Latency reduction for V2X mode 3 could be studied in the sTTI aspect.
Observation 1: For V2X transmission mode 4, reduction of the minimum value of T2 could reduce the maximum latency between packet arrival at Layer 1 and resource selected for transmission, but also degrades system PRR performance.
Proposal 2: Clarify the latency requirement of typical scenarios or traffics at first, and the range of T2 could be decided based on latency target. 
Proposal 3: With modified minimum value of T2, the system level PRR performance should be evaluated to decide whether extra enhancement on reliability is necessary.

Reference
[1] RP-170798, New WID on 3GPP V2X Phase 2
[2] R1-1705114, Huawei, Discussion on further latency reduction for R15 sidelink
[3] Draft minutes report of RAN1 #88b
	2/3	
image1.wmf
1

4

T

£


image2.wmf
100

20

2

£

£

T


