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Introduction
Based on the last RAN2#93 meeting, the following agreements are reached:
	Agreements: FFS if SPS enhancements are beneficial, based on findings and better understanding of the traffic characteristics.  


In this paper, we will analyze the characteristics of V2X traffic and provide SPS improvements solutions in order to meet latency and UL capacity requirements.
Discussion 
Characteristics of V2X traffic
V2X traffic is expected to be a periodic traffic for CAM messages. According to ETSI [1], the packet generation interval (T_GenCam) for CAM messages depends on the V2X application and can vary from 100ms to 1s. The triggering for packet generation is influenced by external conditions, e.g. vehicle geographical position, speed, direction etc. The conditions for triggering the CAM generation shall be checked repeatedly every T_CheckCamGen (which shall be equal to or less than 100ms). When the T_CheckCamGen timer expires, the V2X APP checks the difference between the current heading/position/speed of the originating UE and the previously transmitted heading/position/speed info in the CAM . If the differences exceed pre-configed threshold values (4° for heading difference, 4m for position difference, 0.5m/s for speed difference), the V2X APP shall generate a new CAM message. When the moving speed of UE increases, the V2X APP may detect the condition of triggering CAM generation is met more frequently than before and then the packet generation interval (T_GenCam) is shortened. 
Figure 1 and Figure 2 present examples for the CAM generation of UE with consant speed and increasing speed respectively. The T_CheckCamGen is set to 100ms. And the moving speed of UE in Figure 1 is kept to 48km/h. As we can see in Figure 1, the periodicity of CAM messages generation is kept to 300ms. However, when the UE gradually increases its moving speed from 36km/h to 144km/h as shown in Figure 2, the perioricity of CAM generaion varies from 400ms to 100ms. 


Figure 1 Examples for CAM generation with constant speed

Figure 2 Examples for CAM generation with increasing speed
On the other hand, the specific CAM generation periodicity change with the vehicle UE speed is presented in Figure 3. As we can see, the CAM generation periodicity decreases with the increasing of speed. Especially if the UE’s speed varies sharply, for example, change from 20km/h to 89km/h, the CAM generation periodicity shall be fallen from 800ms to 200ms. However, if the UE’s speed does not change or only changes within a small range, for example, between 36km/h~48km/h, the CAM generation periodicty is fixed to 400ms. 


Figure 3 CAM generation interval varied by vehicle speed
Observation 1: The periodicity of CAM message changes with the vehicle geographical position, speed, direction etc.
Observation 2: If the UE’s speed/position/direction does not change or only changes within a small range, the CAM generation periodicty is fixed. However, if the UE’s speed/position/direction varies sharply, the CAM generation periodicity shall be changed correspondingly.
SPS improvements
As we observed in Section 2.1, the CAM generation periodicty is fixed if the UE’s speed/position/direction does not change or only changes within a small range. This characteristic could be utilized for the Semi-Persistent Scheduling (SPS) design of V2X. 
As we know, the SPS is already supported for the UL and DL VoIP transmission. In the current SPS specification, the eNodeB configure SPS periodicity via dedicated RRC signalling since the periodicity of VoIP packet is generally fixed. However, for the CAM based V2X message, the periodicity of V2X message is determined by UE’s speed/position/direction, it is hard for the eNB to predict the periodicity of SPS resources for V2X transmission. To solve this problem, UE may suggest the preferred periodicity to eNB for V2X based SPS configuration. 
On the other hand, the latency requirement for most of the V2X message delivery is 100ms. It means that once the AS layer of UE receives the V2X message from upper layer, it is better to transmit it immediately. Suppose the SPS is configured for the V2X transmission, the UE had to wait for the SPS resource in frame starting at the beginning of the next available SPS period. It is likely that the UE may wait for a while for V2X message transmission (whole SPS period for the worst case). This wait time is intolerable for the latency sensitive V2V applications. To solve this problem, the UE may also send the preferred subframe offset for SPS resource to the eNB. This subframe offset may be aligned with the V2X message generation time. Upon receiving the preferred periodicity and subframe offset (we call it SPS time pattern), the eNB may configure the SPS resources with the periodicity suggested by UE and in subframes corresponding to the suggested subframe offset as shown in Figure 4. In this case, the SPS configuration by eNB could be aligned with UE’s current V2X transmission needs.
Proposal 1: UE may report the preferred periodicity and subframe offset to eNB, and the eNB may configure the SPS resources accordingly. In this way, the SPS configuration by eNB could be aligned with UE’s current V2X transmission needs.
Suppose the vehicle UE’s geographical position, speed, direction changes greatly and the periodicity of the V2X message is changed as well, the UE may send the updated SPS time pattern to eNB so that the eNB may update the SPS resource configuration accordingly as shown in Figure 4. However, there may be signalling delay between this SPS configuration update procedure. During this time, the UE may adopt dyanamic scheduling to request resource allocation when the SPS resource is not available. 
Proposal 2: When UE’s geographical position, speed, direction changes, the SPS configuration for V2X can be updated based on the new preferred periodicity and subframe offset.
Proposal 3: The UE can adopt dyanamic scheduling to request resource allocation when the SPS resource is not available.


Figure 4 SPS configuration for V2X transmission

Futher more, the UE might need to be engaged in multiple V2X services, which may require different periodicity and packet sizes. In other words, the SPS TB size and period needs to be dynamically adapted to different V2X packets. For this purpose, it is necessary to configure multiple parallel SPS processes activated at the UE. The SPS processes may differ in the resource allocation or SPS period and correspond to different types of V2X packets. Once the AS layer of UE receives the V2X packets from upper layer, the UE triggers V2X packets transmissions on the corresponding SPS process. In order to support multiple SPS process, multiple UL SPS configurations are needed for the UE and the eNB may configure different SPS C-RNTIs for each SPS process of the UE. The legacy SPS activation and release mechanism can be reused for the case of multiple SPS process and the UE will not confuse the SPS activation or release of different processes based on different SPS C-RNTIs.
Proposal 4: Configuring parallel SPS processes with different configuration parameters shall be supported.

Conclusion 
In this paper, we analyse why UE geographical information reporting is useful and discuss some issues about it.
Observation 1: The periodicity of CAM message changes with the vehicle geographical position, speed, direction etc.
Observation 2: If the UE’s speed/position/direction does not change or only changes within a small range, the CAM generation periodicty is fixed. However, if the UE’s speed/position/direction varies sharply, the CAM generation periodicity shall be changed correspondingly.
Proposal 1: UE may report the preferred periodicity and subframe offset to eNB, and the eNB may configure the SPS resources accordingly. In this way, the SPS configuration by eNB could be aligned with UE’s current V2X transmission needs.
Proposal 2: When UE’s geographical position, speed, direction changes, the SPS configuration for V2X can be updated based on the new preferred periodicity and subframe offset.
Proposal 3: The UE can adopt dyanamic scheduling to request resource allocation when the SPS resource is not available.
Proposal 4: Configuring parallel SPS processes with different configuration parameters shall be supported.
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