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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
During the RAN#75 plenary meeting, new work item on 3GPP V2X Phase 2 was approved. RAN1 related objectives of this work item are listed as following [1]: 
1. [bookmark: _GoBack]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;
2. Study the feasibility and gain of PC5 operation with Transmit Diversity, assuming this PC5 functionality would 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, and specify this PC5 functionality if justified. [RAN1, RAN2, RAN4]
3. Study the feasibility and gain of PC5 operation with Short TTI, assuming this PC5 functionality would co-exist in the same resource pools as Rel-14 functionality with and without using the same scheduling assignment format, and provide RAN1 observations and recommendations to RAN by RAN#77. [RAN1, RAN2] 
a) A following decision for normative work is up to consensus at RAN.
[bookmark: OLE_LINK70][bookmark: OLE_LINK71]The goal of this work item is to support advanced V2X services as identified in SA1 TR 22.886[2] in 3GPP V2X Phase 2, such as vehicle platooning. In this contribution, we discuss the potential requirement derived from this use case and focus on the resource pool design to avoid collision between multiple Tx UEs with different traffic types (CAM and DENM messages)

Potential requirements of vehicle platooning
Based on the description of platooning in SA1 TR 22.886, two sets of platooning performances requirements are supported [2]: 
-	Set 1: the distance between vehicles for normal density platooning may be larger than 2 meters. When the platoon moves at 100km/h, vehicles move 1 meter in 36ms. Considering the round-trip-time and processing delay, message transmission frequency up to 40Hz, translating into 25ms end-to-end latency with message sizes of around 300-400 bytes should be supported.
-	Set 2:  the distance between vehicles for high density platooning is 1 meter. When the platoon moves at 100 km/h, vehicles move 1 meter in 36 ms. Considering round-trip-time and processing delay, message transmission frequency up to 100 Hz, translating into at least 10 ms latency with message sizes of around 50-1200 bytes should be supported.
In Rel-14 V2V, considering the periodic transmission for UE working in autonomous resource selection mode (i.e. mode 4), a long duration sensing-based collision avoidance mechanism was introduced to support semi-persistent transmission for periodic traffic. Moreover, in Rel-14 V2X, to support the ability to transmit packets every 25ms (40 times a second), the shorter transmission and resource reservation period of 20ms and 50ms were introduced. It is clear that such sensing-based semi-persistent transmission and resource selection are quite suitable for the periodic service. However, it is noted that not all advanced V2X services are periodic and some event-triggered services like pre-crash warning message are more important than periodic service as mentioned in TS 22.886 for set 1: 
[PR.5.1-014]	The 3GPP system shall support triggered and periodic transmission of small data packets (e.g. 300-400 bytes).
For event-triggered traffic (i.e. DENM message), the occurrence of it is not predictable. For example, in case of emergency, the brake message is generated. It is critical to transmit it fast and reliably. Therefore, in UE autonomous resource selection mode, a fast sensing procedure is needed for event-triggered traffic so that the generated message can be delivered timely. 
Proposal 1: Fast sensing is needed for event-triggered service.

Discussions on resource pool design
As mentioned above, in the case of UE autonomous resource selection for V2V/V2X, sensing is necessary for reducing resource collision among multiple Tx UEs. Specifically, it takes several subframes to complete one SA decoding. Apparently, by SA decoding mechanism a UE can have knowledge of the state of occupation and reservation in UE autonomous resource pool. But it is not quick enough for event-triggered service transmission. This leaves energy detection as the only option for sensing, especially it is widely used in Wi-Fi and LAA systems. 
In detail, before a UE transmits SA and its associated data, the UE needs to perform energy sensing in order to select one time-frequency resource in one subframe. The detailed sensing is shown in Figure 1. In the time domain, the first symbol of each subframe within the resource pool for event-triggered service can be used by the transmitting UEs to perform sensing. In the frequency domain, energy sensing can be performed based on the comparison between the received energy level of the REs in the same PRB pair with SA and a predefined threshold. If the sensed received energy is lower than the threshold, the UE can use this resource to transmit the SA and the associated data in same subframe; otherwise, UE cannot use the resource. If none of resource is available in a subframe, UE has to perform sensing in the following subframe within the resource pool. As shown in Figure 1, one example of FDM based SA and data pool is shown for V2V/V2X. Basically, the available frequency resource is divided into two parts, one for event-triggered service and another for periodic service. In the resource for periodic service, it is further divided into three parts: SA resources are located at the two edges of the data resource, which can provide some kind of scheduling flexibility. In the resource region for event-triggered service, to maintain low PAPR at UE side and to avoid the in-band emission from data part, SA and its associated data are always contiguous in the frequency domain when they are transmitted in a same subframe, which composes a basic transmission resource unit (TRU). In the resource region assigned for event-triggered service, the available bandwidth in units of PRBs can be divided into several TRUs. The concrete number of PRBs for SA and associated data in one TRU can be configured considering the message size for advanced V2X services, or fixed in specification for simplicity.

[image: ]
Figure 1: using LBT for collision avoidance 
In this way, fast sensing can be performed for event-triggered service. It not only avoids the resource collision for UE autonomous resource selection but also guarantees the SA and the associated data for brake message can be transmitted in a timely manner. Since the first symbol in one subframe within event-triggered resource pool is used as the sensing period, the SA and its associated data are transmitted from the second symbol in case of successful sensing on the resource. From a Rx UE’s perspective, it shall skip the receiving in the first symbol and start receiving the SA and associated data from the 2nd symbol.
Proposal 2: The first symbol of one subframe within the event-triggered resource pool is used for sensing period. 

Conclusion
In this contribution, we focus on the detailed resource pool design for triggered transmission in eV2X and present our views. Based on the analysis, we have the following proposals:
Proposal 1: Fast sensing is needed for event-triggered service.
Proposal 2: The first symbol of one subframe within the event-triggered resource pool is used for sensing period. 
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