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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 RAN1 #91 meeting, the following agreement [2] on latency reduction for eV2X was reached:
· The minimum value of T2 can be reduced to support Layer 1 latency reduction.
· (Pre)configuration based selection of minimum value of T2 is supported.
· The minimum value of T2 is selected from a set of values.
· The set of values includes at least 20ms, and a value lower than 20ms (FFS how many additional values). 
· FFS: whether the (pre)configuration is per PPPP, CBR range, per carrier, or if it intends to have a similar behaviour as a rel-14 UE, etc.

In this contribution, we discuss the latency reduction for mode 3 and mode 4 eV2X. 

Mode 4 latency
Lower bound of T2
Based on the WID [1], in Release 15 it is expected to enhance the cellular-based V2X services to support advanced V2X services. In TR 22.886 [3] and TS 22.186 [4], four use case groups have been identified for advanced V2X services and the end-to-end latency requirements for these V2X services vary from 3ms to 500ms. According to [4], the typical latency targets include 3ms, 5ms, 10ms, 20ms, 25ms, 50ms, 100ms and 500ms. Regarding to these latency targets,
· Rel-14 already supports the latency targets above 20ms;
· Considering the processing delay, the 3ms latency target is difficult to satisfy without sTTI operation.
Therefore, reasonable latency targets for Rel-15 are 5ms, 10ms and 20ms, and the set of values of lower bound of T2 can be configured as {5ms, 10ms, 20ms}.

On the other hand, the current lower bound of T2 (= 20ms) was carefully selected to guarantee randomization for resource selection in mode 4, hence reducing the bound arbitrarily may degrade system performance. Therefore, for services with latency requirement above 20ms, it is desirable to reuse the legacy bounds of T2 (i.e. 20 ≤ T2 ≤ 100); while for services with latency requirement below 20ms, the lower bound of T2 can be tuned according to the channel busy ratio (CBR) and the packet’s PPPP (the required latency can be derived from PPPP).   

[bookmark: P_T2]Proposal 1: For Rel-15 V2X mode 4, the lower bound of T2 can be selected from the set {5ms, 10ms, 20ms}:
· For V2X services with latency requirement ≥ 20ms, set min T2 = 20ms;
· For V2X services with latency requirement < 20ms, set min T2 = α ∈ {5ms, 10ms, 20ms} with α = f(PPPP, CBR), and f being the (pre)configured mapping relationship between the lower bound of T2 and PPPP, CBR.

Collision mitigation
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), increasing the frequency of resource reselection and selecting resource in multiple carriers within the resource selection window.
[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.

Mode 3 latency
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;
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 5ms and 10ms.

[bookmark: Obs_Mode3]Observation 1: Mode 3 cannot support the lower latency requirements (e.g. 5ms, 10ms).

Issues of supporting lower-latency V2X services
Based on the above analysis, it can be observed that 
· For lower-latency V2X services  (latency < 20ms), only mode 4 can be used. 
· For normal-latency V2X services  (latency ≥ 20 ms), both mode 3 and mode 4 can be used.
Note that in current specifications, the UE can work in only one mode (configured by eNB) for transmitting all V2X data during one time period. This means, if UE supports lower-latency services during some time, eNB has to configure UE to operate in mode 4 for the transmission of both lower-latency and normal-latency services during this period (Fig. 1), even in the cases where mode 3 is more preferred for normal-latency services.
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Fig. 1 Based on current specification, if UE supports lower-latency V2X services, it has to work                           in mode 4 for the transmission of both lower-latency and normal-latency services.

Observation 2: Based on current specification, if UE supports lower-latency V2X services, it has to work in mode 4 for the transmission of both lower-latency and normal-latency services, even though in some circumstances mode 3 is more preferred for normal-latency services. 


Therefore, to make the mode selection and scheduling more flexible, it is better to allow eNB to configure UE to work in mode 3 and mode 4 simultaneously. The benefits are twofold (Fig. 2):
1) By this way, mode 3 can be used for transmission of the normal-latency services when UE supports lower-latency services.
2) By this way, a new resource selection mode can be designed for the transmission of lower-latency services. This new mode mixes mode 3 and mode 4: when the lower-latency packet arrives, the UE first transmits the packet based on mode 4 and at the same time requests resources from eNB (mode3); once receiving the scheduling grant from eNB, the UE switches to mode 3 for the subsequent transmissions.
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Fig. 2 If UE is allowed to work in mode 3 and mode 4 simultaneously, the mode selection                                    for normal-latency services will be more flexible.

Proposal 3: Enable UE to work in mode 3 and mode 4 simultaneously.


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

Proposal 1: For Rel-15 V2X mode 4, the lower bound of T2 can be selected from the set {5ms, 10ms, 20ms}:
· For V2X services with latency requirement ≥ 20ms, set min T2 = 20ms
· For V2X services with latency requirement < 20ms, set min T2 = α ∈ {5ms, 10ms, 20ms} with α = f(PPPP, CBR), and f being the (pre)configured mapping relationship between the lower bound of T2 and PPPP, CBR.

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

Observation 2: Based on current specification, if UE supports lower-latency V2X services, it has to work in mode 4 for the transmission of both lower-latency and normal-latency services, even though in some circumstances mode 3 is more preferred for normal-latency services.

Proposal 3: Enable UE to work in mode 3 and mode 4 simultaneously.
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