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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 work item includes the following objective:
c)  Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;
At the last RAN1 #91 meeting [2], the following agreement is obtained.
Agreement
· 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 mainly discuss some problems about latency reduction at Layer 1, as described in c) above.
2 Latency reduction
The purpose of objective c) mentioned above 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.
2.1 The minimum value of T2
According to the agreement of RAN1 #91 meeting, the minimum value of T2 can be reduced to support Layer 1 latency reduction and at least a value lower than 20 ms is (pre)configured for the minimum value of T2. 
For the minimum value of T2, the value lower than 20 ms is already included and can be used for shorter latency requirements in Rel-15. Based on the minimum value of T2, the value of T2 can be up to UE implementation based on the latency requirement of the particular service. So, additional values for T2 may not be needed. In order to support more services with shorter latency in Rel-15, the minimum value of T2 should be as low as possible. But, some other limiting factors should also be considered. For example, the minimum value of T2 should be larger than T1 (T1 ≤ 4 ms) and the range of [T1, T2] should be larger than 4 ms (e.g., mode 4 UEs can select resources in the case of two processes and two transmissions for a packet). In view of these limiting factors, 8 ms can be considered for the minimum value of T2. 
On the other hand, the minimum value of T2 is related to the latency requirement of services, but not others factors in our view point, e.g., PPPP, CBR range or carrier. So, from our perspective, a similar behaviour as a Rel-14 UE may be more suitable.
Proposal 1: Only one value is supported for the minimum value of T2 lower than 20 ms and a similar behaviour as a Rel-14 UE should be supported for (pre)configuration of the minimum value of T2. 
2.2 The problem with T2 reduction
After T2 reduction, the selection window [n+T1, n+T2] would be reduced accordingly. The probability of resource collision may or may not go up in comparison with the case of T2 > 20 ms (e.g., T2 = 100 ms). We discuss this problem based on the following two cases.
· Case 1: The reserved resources distribute evenly in time domain.
As shown in Figure 1, if the reserved resources distribute at regular intervals, the probability of resource collision may not increase even if the selection window reduces. For example, when the maximum value of T2 is below 20 ms, the UEs in the selection windows competing against each other for resources also decreases because the reserved resources distribute evenly in the time domain.


Figure 1: The reserved resources distribute evenly
· Case 2: The reserved resources distribute unevenly in time domain.
As shown in Figure 2, if the reserved resources distribute unevenly, the probability of resource collision may change after T2 reduces. In the time period with dense reserved resources, the probability of resource collision would increase because the ratio of the number of competing UEs to the length of the selection window will increase. As a result, congestion would be likely to happen in this case. 


Figure 2: The reserved resources distribute unevenly
Observation 1: The collision probability may increase due to T2 reduction in some scenarios.
2.3 Potential enhancements



Based on the discussion above, some enhancements are needed to avoid collision probability increasing result from T2 reduction. One enhancement proposed is changing the proportional factor (i.e.,0.2, the ratio of to ) for  when UEs (re)select resources. In our opinion, however, using a factor greater or less than 0.2 would not decrease collision probability totally. 


If a factor greater than 0.2 is used, more candidate resources will be reported to higher layers and be used for resource selection. More candidate resources with high S-RSSI may be included and collision probability may increase. On the other hand, if the proportional factor is less than 0.2, the candidate resources would be fewer and this may result in collision probability increase. In other words, only changing the proportional factor for  may not be effective for solving the problem of collision probability increase. Furthermore, it is also most important to reduce candidate resources with high S-RSSI in  in UE resource (re)selection because the candidate resources with high S-RSSI are the direct sources of collision increases.

Observation 2: In order to avoid collision probability increase, the candidate resources with high S-RSSI should be excluded when mode 4 UEs form set . 








[bookmark: OLE_LINK14][bookmark: OLE_LINK7][bookmark: OLE_LINK6][bookmark: OLE_LINK4][bookmark: OLE_LINK3][bookmark: OLE_LINK10]In our opinion, an additional S-RSSI threshold (th1) value can be considered for forming the candidate resource set [3]. For example, when the UE moves the candidate resources from the set  to , the measured S-RSSI of the resource that is moved to  must be lower than the additional (th1) S-RSSI threshold and  ≥  is not an exclusive condition. This additional S-RSSI threshold (th1) value can help the UE to select the candidate resources with low S-RSSI, which can reduce the chances of collision when the reserved resources distribute densely. Unfortunately, based on this additional S-RSSI threshold (th1) value,  may be empty because of the fact that no candidate resources can meet this additional S-RSSI threshold (th1) requirement (i.e., the measured S-RSSIs of candidate resources are not low enough).  

[bookmark: OLE_LINK9]In order to address the problem that UEs cannot select resources from set , 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 the normal resource pool is not available.




[bookmark: OLE_LINK8]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 . After T2 is reduced, the UE will select resources from the exceptional resource pool for transmission if the resources of  are less than a defined threshold (th2) value, which is the least number of candidate resources of . 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  are not less than the defined threshold (th2) value.

[bookmark: OLE_LINK12][bookmark: OLE_LINK23]Proposal 2: An additional S-RSSI threshold value should be considered for Rel-15 UEs to form the candidate resources set .

Proposal 3: When there are not enough resources or no unreserved resources in set , Rel-15 UEs can select resources from the exceptional resource pool.
3 Conclusion
[bookmark: _GoBack]This contribution focused on latency reduction at Layer 1 for 3GPP V2X Phase 2. It also includes the following observations and proposals:
Proposal 1: Only one value is supported for the minimum value of T2 lower than 20 ms and a similar behaviour as a Rel-14 UE should be supported for (pre)configuration of the minimum value of T2.
Observation 1: The collision probability may increase due to T2 reduction in some scenarios.

Observation 2: In order to avoid collision probability increase, the candidate resources with high S-RSSI should be excluded when mode 4 UEs form set  .

Proposal 2: An additional S-RSSI threshold value should be considered for Rel-15 UEs to form the candidate resources set .

Proposal 3: When there are not enough resources or no unreserved resources in set , Rel-15 UEs can select resources from the exceptional resource pool.
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