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1. Introduction
In RAN#75, WI for V2X phase 2 was approved [1]. Latency reduction compared to Rel-14 (V2X Phase 1) is one of the aspect of the WID. Following two mechanisms (highlighted) in the objective were expected to help in further reduction of latency:

	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;

2. Study the feasibility and gain of PC5 operation with Transmit Diversity, assuming this PC5 functionality would 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, and specify this PC5 functionality if justified. [RAN1, RAN2, RAN4]

3. 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.




In this contribution, we discuss latency reduction for C-V2X and relevance of short TTI. 
2. Discussion
Rel-14 C-V2X (V2X Phase 1) was designed for exchange of safety messages efficiently over PC5 interface. Safety message related traffic is periodic in nature, hence in Rel-14 C-V2X sensing based semi-persistent resource selection mechanism is standardized. Sensing based semi-persistent mechanism maximizes the overall system performance by scheduling the transmission on one of the best available resource while still meeting the desired latency requirement. Latency requirement (known as packet delay budget) is configured in upper layer for each priority level and provided to lower layers along with the packet.  When a packet arrives at subframe n, UE determines a set of candidate resource to choose for its transmission within a time window of [n+T1, n+T2]. T1 is chosen to allow for processing delay with 
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. This process is shown in Figure 1.


[image: image3.emf]Packet arrives at 

TTI = n

TTI = n+T1

TTI = n+T2

(T2 is in the range of 20ms to 100ms based on 

latency requirement)

Packet 

Transmission in  

TTI = n + X

Allowed packet delay budget


Figure 1: Rel-14 Sensing based semipersistent resource selection mechanism
Once UE selects certain resource it uses it for certain number of time for periodic transmission of safety messages. However, if there is sudden change and packet arrives at different subframe than expected subframe then UE can perform one shot (dynamic) transmission on a resource which meets the delay requirement of the packet or even can perform re-source reselection. This way Rel-14 C-V2X guarantees to meet the latency requirement while still maximizing the system performance. It is evident from the description above that the dominant factor in the latency of packet transmission is selection of parameter T2.

Observation 1: The goal of improving latency is to enable reducing the maximum latency while maintaining adequate system performance.   
Observation 2: Maximum latency of packet transmission is determined by the selection of parameter T2.

In the approved WID there are two mechanisms envisioned to reduce the packet transmission latency:
1. Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;

2. Study feasibility of short TTI in PC5

Last few meetings RAN1 studied feasibility of short TTI in PC5 and sent its observation in LS [2] to RAN.

	 RAN1 has drawn the following observations:

Observation 1: RAN1 observes that when introducing Rel-15 sTTI transmissions into pools with Rel-14 legacy transmissions, Rel-15 V2X UE complexity will be increased by handling two different TTI lengths. 

Observation 2: sTTI deployment impacts the performance of Rel-14 UE transmission. RAN1 has discussed possible solutions to mitigate the impact. No conclusion was reached in RAN1 on whether these solutions can solve the impact on Rel14 performance. 

Observation 3: Introducing sTTI by itself cannot reduce the radio layer latency.

Short TTI reduces transmission time by at most 0.5ms.

Currently, there is no consensus within RAN1 on the benefits of introducing sTTI for V2X UEs based on studies conducted in RAN1 so far.

2. Actions:

To RAN:

RAN1 respectfully asks RAN to take the above observations into consideration. Note that latency reduction between packet arrival at layer 1 and resource selection is still ongoing.


Latency reduction was the main expected advantage from short TTI. However, It is clear from the RAN1 LS [2] that short TTI is not useful in the reduction in latency in packet transmission as the dominant factor is parameter T2. Several contributions in RAN1 from different companies have shown that short TTI affects R-14 performance severely [3][4][5][6][7][8], it is also demonstrated there is no justifiable gains of short TTI compared to introduced complexity and standardization effort. It should be clear that introduction of short TTI can unnecessarily create the fragmentation in market without any demonstrated gain. 

RAN1 is still working on latency reduction based on modification of parameter T2.
Observation 3: Short TTI in PC5 cannot help in reduction in maximum latency. RAN1 is working on latency reduction based on modification of parameter T2.

Proposal 1: Standardization effort for short TTI in PC5 is not justified as it doesn’t help in latency reduction, it reduces Rel-14 performance and increases the complexity significantly. The study phase should be concluded without follow up normative work on PC5 sTTI.
3. Conclusion
In this document, we discussed the latency reduction for C-V2X and relevance of short TTI. The following observations and proposals were made: 

Observation 1: The goal of improving latency is to enable reducing the maximum latency while maintaining adequate system performance.
Observation 2: Maximum latency of packet transmission is selection of parameter T2.

Observation 3: Short TTI in PC5 cannot help in reduction in maximum latency. RAN1 is working on latency reduction based on modification of parameter T2.

Proposal 1: Standardization effort for short TTI in PC5 is not justified as it doesn’t help in latency reduction, it reduces Rel-14 performance and increases the complexity significantly. The study phase should be concluded without follow up normative work on PC5 sTTI. 
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