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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the approved 3GPP V2X Phase 2 WID [1], one of the objective is latency reduction for V2X services:
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;
This paper discusses the system design aspects regarding further latency reduction for Mode 3 and Mode 4 operations. 
[bookmark: _Ref129681832]Further latency reduction in V2X Mode 4
For Rel-14 V2X, a packet is transmitted with mode-4 as shown in Figure 1.

Figure 1: Workflow of Mode 4 sensing operation
One straightforward design is to allow smaller values of T2, which effectively downsizes the selection window [n+T1, n+T2] with candidate resources closer to the time that packets arrive at the TX buffer in the MAC layer. If smaller values of T2 are allowed, the selection window (i.e., [n+T1, n+T2]) further shrinks, so does the total number of candidate resources within the selection window.
Observation 1: One straightforward design to further reduce latency is to support values of T2 to be smaller than 20ms. This, however, reduces the number of candidate resources.
The impact of the reduction of the number of candidate resources is evaluated for both highway and urban cases. A mixed scenario is assumed such that half of the UEs are Rel-14 UEs and the other half are Rel-15 UEs. Three settings are considered:
· Setting #1: All Rel-14 UEs and Rel-15 UEs use the same selection window (e.g., T2 = 20ms);
· Setting #2: Rel-14 UEs use 100ms selection window and Rel-15 UEs use 20ms selection window
· Setting #3: Rel-14 UEs use 100ms selection window and Rel-15 UEs use 10ms selection window
The PRR curves are plotted in Figure 1 and 2 below for highway 70km/h and urban 60km/h, respectively. By comparing performance curves for Setting #1 in highway scenario, it is observed that the impact of selecting different selection window sizes (i.e., T2) is almost negligible. The same is observed for the urban case as well. In addition, when cross-comparing the black curves, it can be observed that Rel-14 legacy UEs have almost the same performance (difference within 1%) when reducing T2 from 20ms down to 10ms. 
Observation 2: Allowing UE selection of smaller values of T2 does not have noticeable impact on system PRR.
  
Figure 1: System PRR performance for highway 70km/h with different T2 (left: 20ms right: 10ms)
 
Figure 2: System PRR performance for urban 60km/h with different T2 (left: 20ms right: 10ms)
Based on the observations, we have the proposal below:
Proposal 1: Support T2=10ms for eV2X
[bookmark: _Ref167612881]Further latency reduction for V2X Mode 3
With Mode 3 operation, UE follows the conventional SR-BSR process for request of transmission resources.  According to Table A1.1-1 of TR 36.881 [4], the latency of Mode 3 communication can be estimated as 17+1/2 * (SR periodicity), consisting of
1. Average delay to next SR opportunity, SR periodicity/2
2. UE sends SR: 1 TTI
3. eNB decodes SR and generates scheduling grant: 3 TTI
4. Transmission of scheduling grant (assumed always error free): 1 TTI
5. UE processing delay (decoding scheduling grant + L1 encoding of data): 3 TTI
6. UE sends BSR: 1 TTI
7. eNB decodes BSR and generates scheduling grant: 3 TTI
8. Transmission of scheduling grant (assumed always error free): 1 TTI
9. UE processing delay and transmission (decoding scheduling grant + L1 encoding of data): 4 TTI
For reasonable value of SR periodicity of 1~10ms [5], average latency performance of Mode 3 can be calculated as 17+1/2 * 5 = 19.5ms. Thus, in order to meet latency requirements of use cases defined in SA1 TR 22.886 [3], further latency reduction for PC5 Mode 3 communication needs to be considered. Note however that most of the work may be in RAN2.
Proposal 2: Further latency reduction for PC5 Mode 3 communication needs to be considered.
Conclusions
The motivation and design aspects for further latency reduction of R15 PC5 functionality were discussed. The following proposals and observations are made:
Observation 1: One straightforward design to further reduce latency is to support values of T2 to be smaller than 20ms. This, however, reduces the number of candidate resources.
Observation 2: Allowing UE selection of smaller values of T2 does not have noticeable impact on system PRR.
Proposal 1: Support T2=10ms for eV2X
Proposal 2: Further latency reduction for PC5 Mode 3 communication needs to be considered.
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