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1 Introduction

Guided by the 3GPP V2X Phase 2 WID [1], RAN1 has studied the feasibility and gain of PC5 operation with short TTI (sTTI) for eV2X services.

Study the feasibility and gain of PC5 operation with Short TTI, assuming this PC5 functionality would co-exist in the same resource pools as Rel-14 functionality with and without using the same scheduling assignment format, and provide RAN1 observations and recommendations to RAN by RAN#77. [RAN1, RAN2] 

a) A following decision for normative work is up to consensus at RAN.
This contribution summarizes the observations made and recommends to RAN to approve specifying short TTI on PC5. 
2 Discussion
PC5 operation with short TTI has been extensively discussed during RAN1#88b and RAN1#89. The progress made is summarized as follows:
· RAN1 has studied gains of sTTI operation in terms of PRR, latency and reliability improvement.

· Candidate sTTI solutions have been identified and discussed, including a shared AGC solution, sTTI matching/pairing solution, etc.

· System-level simulation assumptions agreed, in particular with models taking into account mixed scenarios with both Rel-14 normal TTI (nTTI) UEs and Rel-15 sTTI UEs, AGC/ADC impacts from sTTI to nTTI operations, etc. 
· Companies have presented initial simulation results with active offline discussions.

According to the simulation results from the interested companies [2][3][4][5][6][7][8], the following observations are made for a Rel-14 nTTI and Rel-15 sTTI mixed scenario:
Observation 1: For a Rel-14 and Rel-15 mixed scenario, for both highway and urban cases:
· sTTI transmission has no impact on Rel-14 legacy operation and showed improved system PRR performance for both Rel-14 and Rel-15 UEs. 
· Mixing Rel-15 sTTI UEs with Rel-14 nTTI UEs has no impact to legacy Rel-14 operation in terms of system PRR performance, regardless of Rel-15 UE penetration rate. 

· PRR performance of R14 UE is improved compared to the case of a pure legacy Rel-14 setting (when there is no Rel-15 sTTI UEs in the system).
· At least in the case of short period traffic such as 20ms, Rel-15 PRR performance improves as R15 UE penetration rate increases.
In addition to the mixed scenario, in regions where deployment of V2X services starts from Rel-15,  backward compatibility with legacy Rel-14 is not an issue any more. In this simpler case without all the restrictions, sTTI can be expected to show better gain. Therefore, it would be reasonable to evaluate the performance benefits of sTTI in a pure Rel-15 scenario, where benefits would likely be even higher.
Observation 2: For regions that start deployment of V2X services from Rel-15, deployment of sTTI only UEs is a valuable scenario to evaluate.
The PRR performance of the pure Rel-15  scenario has been evaluated [2][3][4][5][6][7][8]. Based on the simulation results, the following observations are made:
Observation 3: For a pure Rel-15 scenario, for both highway and urban scenarios:
· sTTI transmission showed improved system PRR performance compared to nTTI transmission.
· PRR performance of sTTI transmission is further improved in congested scenarios with intensive packet generation.
Observation 4: For both scenarios, sTTI transmission reduces scheduling latency down to 10ms, thereby meeting the latency requirements of a wide range of advanced use cases as described in SA1 TS 22.185 [10], without incurring performance losses to both Rel-15 and Rel-14 legacy UEs. 
According to the WID [9], RAN1 is expected to provide observations and recommendations to RAN by RAN#77. Thus, we made the following proposal:
Proposal: Send an LS to RAN recommending to approve short TTI standardization for PC5.
3 Conclusions
The contributions reviewed the progress of PC5 operation with short TTI. The following observations and proposals are made:
Observation 1: For a Rel-14 and Rel-15 mixed scenario, for both highway and urban cases:
· sTTI transmission has no impact on Rel-14 legacy operation and showed improved system PRR performance for both Rel-14 and Rel-15 UEs.
· Mixing Rel-15 sTTI UEs with Rel-14 nTTI UEs has no impact to legacy Rel-14 operation in terms of system PRR performance, regardless of Rel-15 UE penetration rate. 

· PRR performance of R14 UE is improved compared to the case of a pure legacy Rel-14 setting (when there is no Rel-15 sTTI UEs in the system).
· At least in the case of short period traffic such as 20ms, Rel-15 PRR performance improves as R15 UE penetration rate increases.

· sTTI transmission can reduce transmission and scheduling latency without incurring performance losses to both Rel-15 and Rel-14 legacy UEs.
Observation 2: For regions that start deployment of V2X services from Rel-15, deployment of sTTI only UEs is a valuable scenario to evaluate.
Observation 3: For a pure Rel-15 scenario, for both highway and urban scenarios:
· sTTI transmission showed improved system PRR performance compared to nTTI transmission.
· PRR performance of sTTI transmission is further improved in congested scenarios with intensive packet generation.
· sTTI transmission can reduce transmission and scheduling latency without incurring performance losses to both Rel-15 and Rel-14 legacy UEs.
Observation 4: For both scenarios, sTTI transmission reduces scheduling latency down to 10ms, thereby meeting the latency requirements of a wide range of advanced use cases as described in SA1 TS 22.185 [10], without incurring performance losses to both Rel-15 and Rel-14 legacy UEs. 
Proposal: Send an LS to RAN recommending to approve short TTI standardization for PC5.
References

[1] Huawei, CATT, LG Electronics, HiSilicon, China Unicom, “New WID on 3GPP V2X Phase 2”, RP-170798, Dubrovnik, Croatia, March 6 - 9, 2017.
[2] R1-1704688, “Considerations on Support of Short TTI for LTE V2V Sidelink Communication”, Intel Corporation, Spokane, USA, April 3-7, 2017.
[3] R1-1709211, “Evaluation results of short TTI solutions for Rel-15 sidelink”, Huawei, HiSilicon, Hangzhou, China, 15-19 May, 2017.
[4] R1-1707454, “Initial evaluation for shorten TTI in PC5”, CATT, Hangzhou, China, 15-19 May, 2017.
[5] R1-1707308, “Evaluation of short-TTI LTE-V2V sidelink communication”, Intel Corporation, Hangzhou, China, 15-19 May, 2017.
[6] R1-1708981, “Initial evaluation results on sTTI for PC5”, Ericsson, Hangzhou, China, 15-19 May, 2017.
[7] R1-1707566, “Initial evaluation results for Short TTI in PC5 operation”, LG Electronics, Hangzhou, China, 15-19 May, 2017.
[8] R1-1712100, “Evaluation results of short TTI solutions for R15 sidelink”, Huawei, HiSilicon, Prague, Czech Republic, 21-25 August 2017.
[9] RP-170798, “New WID on 3GPP V2X Phase 2”, Huawei, CATT, LG Electronics, HiSilicon, China Unicom, Dubrovnik, Croatia, March, 2017.
[10] TS 22.185, “Service requirements for V2X services; Stage 1”, V14.2.1, November 2016.
