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Introduction
One of the objectives of the “V2X phase 2 based on LTE” work item ‎[1] is concerned with reducing 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]
c)	Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;

In this contribution, we discuss the time-to-transmit reduction for mode 3 and mode 4 V2X. 


Discussion 
Reducing time-to-transmit in mode 4
In Rel-14 V2X mode 4, when a packet arrives at Layer 1 at subframe n, UE selects resource within the resource selection window [n+T1, n+T2] where T1 ≤ 4 and 20 ≤ T2 ≤ 100. Based on this, the minimum latency that can be guaranteed is above 20 ms. Therefore, to support services with latency requirement lower than 20 ms the lower bound of T2 needs to be reduced, i.e. allowing T2 ≤ 20. A straightforward setting is 4 ≤ T1 ≤ T2 ≤ 100.  
[bookmark: Obs_T2]Observation 1: To support V2X services with lower latency requirements in mode 4, the lower bound of T2 needs to be reduced.
However, the current lower bound of T2 (20 ms) was carefully selected to guarantee randomization for resource selection in mode 4, hence reducing the bound arbitrarily may degrade system performance. Therefore, for transmissions with latency requirement above 20 ms, it is desirable to reuse the legacy bounds of T2 (i.e. 20 ≤ T2 ≤ 100); for transmissions with latency requirement below 20 ms, the lower bound of T2 can be tuned according to the channel busy ratio (CBR) and the packet’s PPPP.   
[bookmark: P_T2]Proposal 1: For Rel-15 V2X mode 4, the upper and lower bounds of T2 are chosen as follows:
· For V2X services with latency requirement ≥ 20 ms, set 20 ≤ T2 ≤ 100 (i.e. the legacy bounds are reused).
· For V2X services with latency requirement < 20 ms, set α ≤ T2 ≤ 100 with α = f(CBR, PPPP) where f() is a mapping table and T1 ≤ α ≤ 20. 
In Rel-14 resource selection procedure, the PHY layer reports 20% of the candidate resources to the MAC layer and the MAC layer randomly selects resources for transmission. If the lower bound of T2 is reduced, the amount of candidate resources reported to MAC layer is reduced accordingly. Then the collision probability increases, especially in the case that multiple proximate UEs operate with low latency. To overcome the increased collision probability, more randomization shall be introduced. Possible methods include increasing the ratio of candidate resources reported to MAC layer (e.g. ratio = 40% or a function of T2) and increasing the frequency of resource reselection. 
[bookmark: P_T2_coll]Proposal 2: For Rel-15 V2X mode 4, if the lower bound of T2 is reduced, ways to overcome the increased collision probability shall be studied.

Reducing time-to-transmit in mode 3
In Rel-14 V2X mode 3, UE sends SR/BSR to eNB to request transmission resource and eNB grants resource to UE. This procedure takes at least 17ms as shown in the following (where n1~n5 denote the subframe numbers):
n1 = 1: UE sends SR;
[bookmark: _GoBack]n2 ≥ n1 + 4: UE receives UL grant for transmitting BSR;
n3 = n2 + 4: UE sends BSR;
n4 ≥ n3 + 4: UE receives SL grant for transmitting V2X data.
n5 = n4 + 4: UE sends data over sidelink.
Therefore, the current mode 3 cannot meet the lower latency requirements such as 10 ms. 
[bookmark: Obs_Mode3]Observation 2: Mode 3 cannot support the lower latency requirements (e.g. 5 ms, 10 ms). 


Conclusions
In this contribution, we discussed reduction of the time between packet arrival at L1 and transmission and make the following observations and proposals:

Observation 1: To support V2X services with lower latency requirements in mode 4, the lower bound of T2 needs to be reduced.


Proposal 1: For Rel-15 V2X mode 4, the upper and lower bounds of T2 are chosen as follows:
· For V2X services with latency requirement ≥ 20 ms, set 20 ≤ T2 ≤ 100 (i.e. the legacy bounds are reused).
· For V2X services with latency requirement < 20 ms, set α ≤ T2 ≤ 100 with α = f(CBR, PPPP) where f() is a mapping table and T1 ≤ α ≤ 20. 

 
Proposal 2: For Rel-15 V2X mode 4, if the lower bound of T2 is reduced, ways to overcome the increased collision probability shall be studied.


Observation 2: Mode 3 cannot support the lower latency requirements (e.g. 5 ms, 10 ms). 


References
1. [bookmark: _Ref494031343]RP-171740, WID “V2X phase 2 based on LTE”

