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1 Introduction
According to the agreement of RAN2 #93 meeting [1], SPS for Uu-based V2V transport were left as an open issue to be further studied in the following SI discussions

	Agreed enhancements to study
· FFS if SPS enhancements are beneficial, based on findings and better understanding of the traffic characteristics.  
· …


Specifically, based on the email discussions in [2][3], the key problems focus on what the actual traffic characterization for V2V is and if UL SPS period should be configured to align with the packet generation of V2V messages [1]
	· However, for SPS with 10ms the UL capacity cannot be met and for 40ms it is very challenging to meet.  

· Assuming 100% of the resources are not available for V2V, some UL enhancements can be considered.

· If our assumption of 100ms periodicity are confirmed and if somehow SPS can be aligned with the packet generation then an SPS of 100ms can be used.    

· It is FFS whether the packet generation is periodic and what the actual size of the packets are.  


This contribution, therefore, aims to address this issue of UL SPS for V2V transport. We first clarify the traffic characteristics of V2V messages, based on which UL SPS is further analyzed. Then some potential enchantments on UL SPS are identified for V2V transport.   
2 Traffic Characteristics of V2V    
In legacy LTE, whether to configure UL SPS for a UE highly depends on its traffic characteristics, especially the packet arrival interval and the packet size.  Therefore, in the case of V2V transmission, the message generation interval and the size of V2V messages need to be discussed.  
The most prevailing V2V messages are Cooperative Awareness Message (CAM) [4] and Decentralized Environmental Notification Message (DENM) [5] defined by ETSI, as well as the basic safety message (BSM) [6] as defined by SAE, U.S. The traffic characteristics for these 3 types of mainstream V2V messages are to be discussed respectively. 

2.1 BSM
According to [6], BSMs are generated periodically with a fixed frequency of 10 Hz (i.e. period of 100 ms).  Besides, BSM has a typical message size of 172 Bytes without certificate. However, this message length is based on the assumption that 7 path history points are always included (each with 8 Bytes); considering that in actual cases the number of path history points can be between 2~23, the actual BSM length is 132 ~ 300 Bytes without certificate. A BSM with certificate is 241 ~ 409 Bytes.  
Observation 1: The Basic Safety Message (BSM) is periodic traffic with a fixed period of 100ms (i.e. frequency of 10 Hz). The message size of BSM is 132 ~ 300 Bytes without certificate and 241~409 Bytes with certificate. 
2.2 DENM

DENM is event-triggered traffic as defined by [5]. Once triggered by some specific events, DENMs are transmitted periodically with a fixed period remaining unchanged during a session, though there could be different values for the traffic period, as seen from in [5]. DEMN is regulated to include at most 8 * 23=184  path history points. So with respect to the message size, DENMs range from about 200 ~ 1200 Bytes. 
Observation 2: Once triggered, DENMs are transmitted periodically with a given message period (i.e. a given frequency) which remains unchanged. The message size of the DENM is 200 ~ 1200 Bytes. 
2.3 CAM

In the ETSI specification [4], CAM can be generated according to the following rules:
· The CAM generation interval shall not be inferior to 100 ms;
· The CAM generation interval shall not be superior to 1000 ms, i.e. 1 sec;
· Generate  a CAM, if  
· the distance between current position and the position included in the previous CAM exceeds 4 m; or 
· the absolute difference between current speed and the speed included in the previous CAM exceeds 0.5 m/s; or
· the absolute difference between current heading and the heading included in the previous CAM exceeds 4°.

· The generation rules for the CAM shall be checked every T_CheckCamGen which is equal to or less than 100 ms.
Based on the above generation rules for CAM, the period of CAM is specifically analyzed as follows. Firstly, it is observed that the interval for checking the generation rule, T_CheckCamGen, can be equal to or less than 100 ms. However, even if T_CheckCamGen is set to less than 100 ms, CAMs still cannot be generated more frequently than 10 Hz , as the minimum generation interval allowed is 100 ms. Therefore, 100ms can be seen as the typical value for T_CheckCamGen. With the check interval being 100 ms, it can be concluded that the period of CAM has possible values of 100 ms, 200 ms, 300 ms … 900 ms, 1000 ms. As the rule described above, whether or not a CAM should be generated every time it is checked relies on the position change, speed change and heading change. These are respectively decided by the vehicle dynamics of speed, acceleration and angular velocity respectively. 

According to [4], the message size of each CAM message without certificate is 92 ~ 260 Bytes, whereas a CAM with certificate is 201~369 Bytes. 
Observation 3: During a V2V session, the generation period of CAMs could be changed according to vehicle dynamics, among typical values of 100 ms, 200 ms, 300 ms … 900 ms, 1000 ms. The message size of a CAM is within 92 ~ 260 Bytes without certificate and 201~369 Bytes with certificate. 
3 SPS and V2V traffic characteristics   
Some aspects related to UL SPS for V2V transmission should be discussed based on the characteristics of V2V traffic shown above.  As the traffic characteristics of V2V may depend on the vehicle dynamics (e.g. CAM), which further relies on the driving scenario, it is necessary to find reasonable and typical scenarios for the discussion. Hence, we will conduct the following discussions based on the scenarios defined in TR 36.885, i.e. the Urban Scenarios and Freeway Scenarios respectively. In Table 1 shown below, we give the relationship between CAM generation period and vehicle speed, following the above CAM generation rules. 
[image: image1.png]- Speed Range Triggered CAM Periodicity

1 > 144 km/h 100 ms (lower bound)
2 72 to 144 km/h 200 ms

3 48 to 72 km/h 300 ms

4 36 to 48 km/h 400 ms

5 28.8t0 36 km/h 500 ms

6 24 t0 28.8 km/h 600 ms

7 20.6to 24 km/h 700 ms

8 18 t0 20.6 km/h 800 ms

9 16 to 18 km/h 900 ms

10 <16 km/h 1s (upper bound)




Table 1. CAM generation period vs. Vehicle speed 
3.1 Applicability of SPS for BSM and DENM messages
According to Observation 1 and Observation 2, BSM and DENM are periodic traffic. Therefore, it is beneficial to apply SPS for their UL transmission. 
Proposal 1: SPS is beneficial for the transmission of BSM and DENM messages which are periodically generated. 

3.2 Applicability of SPS for CAM messages

The situation for CAM by contrast, is a bit more complicated. This is due to the variable message generation period as discussed above. Below, CAM is discussed in the Urban Scenario and Freeway Scenario as defined in TR 36.885, respectively, 

· Urban Scenario 

The vehicle speeds considered are 60 km/h and 15 km/h for the Urban Scenario [TR 36.885]. These correspond to the CAM generation periods of 300 ms and 1 sec respectively as observed from Table 1 above. In such a case, it can be estimated that even using dynamic scheduling directly, the PDCCH overhead  to schedule CAM transmissions of 300 ms period is  no more than 1% of the overall PDCCH capacity in a 20 MHz carrier, and that of a 1 sec CAM period is even less. This is such a small proportion that we conclude in Urban Scenarios SPS may not be needed for CAM transmission. 
Proposal 2: SPS may not be needed for CAM transmission in the Urban Scenario as the CAM generation period is relatively large therein. 

· Freeway Scenario 

The highest speeds  is 140 km/h for each vehicle in the freeway scenario as defined in TR 36.885, and this speed corresponds to a CAM generation period of 200 ms from Table 1. Since vehicles can travel even faster on the Freeway in many countries, the CAM message generation period could typically be 100 ms or 200 ms on freeways.  
In most cases on the freeway vehicles are usually travelling at a rather stable speed over a long period of time. So for the freeway scenario, it is reasonable to assume that CAM messages are generated periodically with 100ms or 200ms period for a comparably long time, and SPS is favourable for UL transmission of these CAM messages. 
Proposal 3: SPS is beneficial in the Freeway scenario, in which CAM messages can be assumed to be generated periodically with 100ms or 200ms period for a comparably long time. 
3.3 Whether to match SPS with V2V Traffic Characteristics
As in the [2][3], the UL SPS interval assumed for V2V transport is 10 ms. However, V2V messages are mostly generated with 100 ms interval or even larger as shown above. Therefore, 10 ms UL SPS interval would lead to a waste of large amount of resources. As discussed in RAN2#93, considering the latency requirements, whether 100 ms (or 200ms) SPS interval can be applied depends on whether the scheduled SPS resources can be aligned with V2V traffic generation. 
One implementation could be that, the eNB could schedule short SPS interval such as 10 ms, and the eNB could see when V2V messages are actually transmitted on the SPS resources and then reconfigure a long SPS interval (e.g., 100ms or 200ms) according to the observed traffic generation timing. As a result, it is observed that that by eNB implementation the scheduled SPS resources can be aligned with V2V traffic generation timing. It is thus proposed that 100ms or 200ms SPS interval can be considered for UL transmission. 
Observation 4: The scheduled SPS resources can be aligned with V2V traffic generation timing by eNB implementation.

Proposal 4: SPS interval of 100 ms or 200 ms can be applied to align with the traffic period of V2V messages. 

Another issue is that the V2V message size could vary during a session. Sometimes the SPS resource configured may not be sufficient to accommodate a V2V message. In this case, a BSR which is triggered by the concerned V2V message should be included in the SPS resource; and thus the eNB can be informed of the remaining data and can dynamically schedule resources accordingly. Furthermore, the eNB can adjust the configured SPS grants according to the size of the received packet. 
Observation 5: In case the V2V message size varies, according to the legacy procedure, the eNB can be informed of the new message size implicitly by BSRs and the received packets.
4 Potential Enchantments for UL SPS 

4.1 Enhancement to support CAM messages with variable periods
Potential enhancements of the SPS configurations for Uu-based V2V are discussed as follows. 

When a UE is configured with UL SPS for periodic traffic (e.g. VoIP), the eNB can also configure SR-masking for the logical channel corresponding to this periodic traffic. This prevents the logical channel from unnecessarily triggering scheduling requests and additional eNB UL scheduling for this logical channel. 
Nevertheless, the period of CAM can actually be variable according to vehicle dynamics, as discussed above. As a result, if SPS is configured to match one CAM period (e.g., 200ms) and SR-masking is configured for the logical channel of CAM, then when the period of CAM message changes (e.g., to 100ms), it is quite likely that some of the CAM messages can neither be transmitted by the SPS resources before timing out, nor trigger an SR to request eNB scheduling. This eventually leads to severe packet loss of the CAM messages. Some enhancements are needed for the UE to inform the eNB that the traffic period has changed so that the eNB can reconfigure the SPS interval accordingly.
Observation 6: In case that SPS and SR masking are configured for UL transmission of V2V, the eNB may not be aware of the change of the CAM traffic period which may lead to severe packet loss.
Proposal 5: Some enhancements are needed for the UE to inform the eNB of the change of the traffic period so that the eNB can reconfigure the SPS interval accordingly.
4.2 Enhancement to support multiple SPS configurations
The vehicle UE may perform V2V/V2I/V2P simultaneously, and all these traffic flows could be generated periodically. The traffic frequency and traffic generation timing of V2V, V2I/V2P may not be aligned within a UE. Thus if only a single SPS is configured, the latency requirement of some traffic flows could not be guaranteed, because the SPS resources configured may not be aligned with the packet generation of some traffic flows. 
Another scenario is that a pedestrian UE may transmit V2P services while simultaneously supporting a VOIP session. In this case, one existing single SPS configuration cannot provide periodic resources for both a V2P session and a VOIP session, as the traffic periods of the two services are not the same. Therefore, it is beneficial for a UE to be configured with multiple SPS for multiple V2X and VoIP sessions.
Proposal 6: Enhancements are needed for a UE to support multiple parallel SPS configurations for multiple V2X and VoIP sessions.
5 Conclusion
In this contribution, UL SPS is discussed based on the traffic characteristics of V2V messages. Some proposals are proposed as follows. 
Observation 1: The Basic Safety Message (BSM) is periodic traffic with a fixed period of 100ms (i.e. frequency of 10 Hz). The message size of BSM is 132 ~ 300 Bytes without certificate and 241~409 Bytes with certificate. 
Observation 2: Once triggered, DENMs are transmitted periodically with a given message period (i.e. a given frequency) which remains unchanged. The message size of the DENM is 200 ~ 1200 Bytes. 

Observation 3: During a V2V session, the generation period of CAMs could be changed according to vehicle dynamics, among typical values of 100 ms, 200 ms, 300 ms … 900 ms, 1000 ms. The message size of a CAM is within 92 ~ 260 Bytes without certificate and 201~369 Bytes with certificate. 
Observation 4: The scheduled SPS resources can be aligned with V2V traffic generation timing by eNB implementation.

Observation 5: In case the V2V message size varies, according to the legacy procedure, the eNB can be informed of the new message size implicitly by BSRs and the received packets.
Observation 6: In case that SPS and SR masking are configured for UL transmission of V2V, the eNB may not be aware of the change of the CAM traffic period which may lead to severe packet loss.
Proposal 1: SPS is beneficial for the transmission of BSM and DENM messages which are periodically generated. 

Proposal 2: SPS may not be needed for CAM transmission in the Urban Scenario as the CAM generation period is relatively large therein. 

Proposal 3: SPS is beneficial in the Freeway scenario, in which CAM messages can be assumed to be generated periodically with 100ms or 200ms period for a comparably long time. 
Proposal 4: SPS interval of 100 ms or 200 ms can be applied to align with the traffic period of V2V messages. 

Proposal 5: Some enhancements are needed for the UE to inform the eNB of the change of the traffic period so that the eNB can reconfigure the SPS interval accordingly.
Proposal 6: Enhancements are needed for a UE to support multiple parallel SPS configurations for multiple V2X and VoIP sessions.
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