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1 Introduction

At the RAN#75 meeting, the new WID on 3GPP V2X Phase 2 was approved [1]. The aim of this work item is to support advanced V2X services as identified in 3GPP SA1 TR 22.886 by specify technologies for 3GPP V2X Phase 2. Also, backward compatibility with Release 14 V2X for the delivery of safety messages (i.e. CAM/DENM messages) should be considered for the specified technologies.
The following detailed objectives are included in this work item.
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;

In this contribution, we mainly discuss some problems about latency reduction at Layer 1, as described in c) above.
2 Latency reduction
The purpose of objective 1c in the WID [1] is to support guaranteed latency below 20 ms for UEs using mode 4 in some cases (i.e., messages with more stringent requirements).
From RAN1 perspective, the maximum time between packet arrival at Layer 1 and resource selection for transmission is mainly discussed for the UEs using mode 4. For the UEs using mode 3, the latency is up to the scheduling procedure which belong to the study area of RAN2. So, the discussion below is based on the UEs using mode 4.
In the specification of Rel-14 V2X, vehicle UEs using mode 4 select resources in the selection window [n+T1, n+T2], where n is the packet arrival time variable at Layer 1 and T2 is 20 ms at the minimum. Based on this, the latency of resource selection may be equal to or less than 20 ms only for the case that T2 is set to 20 ms, but for other values of T2, the requirements of latency less than 20 ms cannot be guaranteed.

In order to support V2X transmission with latency below 20 ms, one possible way is to allow T2 < 20 ms, which can guarantee that the L1 transmission will happen in less than 20 ms. 
According to the resource reselection procedure in Rel-14, the mode 4 UEs form the candidate resource set which is in proportion to all resources in the selection window. 

In Rel-14, the candidate resources set 
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 is formed according to step 9) in the section 14.1.1.6 of 3GPP TS 36.213 [2]: the UE forms the 
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 by moving the candidate single-subframe resource 
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 with the smallest metric 
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 from the set 
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 until the set 
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 becomes greater than or equal to 
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). If T2 is reduced, the resource selection window and unoccupied resources will also decrease accordingly. If the UEs still form 
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 , occupied resources may be more possibly selected into the candidate resource set. This will result in the probability of collision going up. 

Observation 1: The increase of collision probability due to T2 reduction should be noted.
In order to decrease the collision probability, an additional power threshold (th1) value can be considered for forming 
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. For example, when the UE moves the candidate resources from the set 
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 to 
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, the measured S-RSSI of the resource that is moved to 
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 must be lower than this additional (th1) power threshold and 
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 is not obligatory condition. This additional power threshold (th1) value can help the UE to select the candidate resources with low S-RSSI, which can reduce the chance of collision. Unfortunately, based on this additional power threshold (th1) value, 
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 may be empty because of the fact that no candidate resources can meet this additional power threshold (th1) requirement (i.e., the measured S-RSSIs of candidate resources are not low enough).  

In order to address the problem that UEs cannot select resources from 
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, the exceptional resource pool can be considered. In Rel-14, if the exceptional resource pool is configured, the UEs can use the resources indicated in the exceptional resource pool when the initial connection is not established or the result of sensing on resources configured in normal resource pool is not available.

The use of the exceptional resource pool can be extended to V2X phase 2 in order to avoid congestion or in the case that there are no resources that can be selected in 
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. After T2 is reduced, the UE will select resources from the exceptional resource pool for transmission if the resources of 
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 are less than a defined threshold (th2) value, which notes at least the number of candidate resources of 
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. At the same time, the UE will still perform sensing for the upcoming resource reselection and will select the resources in the normal resource pool if the resources of 
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 are not less than resource quantity threshold (th2) value.

Proposal 1: A additional power threshold should be considered for Rel-15 UEs to form the candidate resources set 
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.
Proposal 2: When there are not enough resources or no unreserved resources in 
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, Rel-15 UEs can select resources from the exceptional resource pool.
3 Conclusion

This contribution focused on latency reduction at Layer 1 for 3GPP V2X Phase 2. It also includes the following observation and proposals:
Observation 1: The increase of collision probability due to T2 reduction should be noted.

Proposal 1: A additional power threshold should be considered for Rel-15 UEs to form the candidate resources set 
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.
Proposal 2: When there are not enough resources or no unreserved resources in 
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, Rel-15 UEs can select resources from the exceptional resource pool.
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