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1 Introduction

In RAN2#93 the topic of SPS in relation to V2X was discussed.  A number of conclusions related to SPS were drawn from the capacity analysis

Short SR/SPS periods (i.e. 1 and 10ms SR period, 10 and 40ms SPS period) increase UL overhead for V2V, particularly in urban case with 15 km/h and in Freeway case with 70km/h where the number of vehicles is high
However, with dynamic scheduling UL capacity can be met with 1ms SR, assuming 100% of UL resources are available

However, for SPS with 10ms the UL capacity cannot be met and for 40ms it is very challenging to meet

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

FFS if SPS enhancements are beneficial, based on findings and better understanding of the traffic characteristics

Prior to agreeing whether SPS is useful for V2X, and whether specific enhancements would be required, a more detailed study of V2X traffic characteristics is required.  This contribution presents such a study as well as potential enhancements in the area of scheduling and allocation size. 

2 Discussion

2.1 CAM Traffic Characteristics and Impacts to SPS 

The timing of CAM generation is described in detail in the ETSI specification [1].  In general, CAM messages are generated periodically, with a period which can be changed dynamically depending on events related to vehicle dynamics and congestion.  The period is, however, constrained to being 100ms (at a minimum) and 1 second (at a maximum).

Observation 1 CAM message generation is periodic, with period that can vary between 100ms and 1sec.

Observation 2 CAM message periodicity changes with the vehicle dynamics

In RAN#93, two observations which may lead to potentially conflicting requirements were made relative to SR periodicity in the use of dynamic scheduling.  Specifically:

The latency requirements can be met for Scenario 2 for connected mode UEs assuming:

· 20ms backhaul delay and no delays related to mobility

· Short scheduling period (i.e. SR or SPS period of 1ms and 10ms)
· For MBSFN, the scheduling period is set to 40ms

and

Short SR/SPS periods (i.e. 1 and 10ms SR period, 10 and 40ms SPS period) increase UL overhead for V2V, particularly in urban case with 15 km/h and in Freeway case with 70km/h where the number of vehicles is high
In summary, it was observed that to meet latency requirements a short scheduling period is required (i.e. SR or SPS period of 1ms and 10ms).  However, with such short scheduling periods, an increase in UL overhead and capacity issues were observed.  

In contrast to dynamic scheduling, SPS is preferable for periodic traffic of fixed size (such as the case for V2X) in that it eliminates the UL overhead of SR and BSR transmission.  The main issue with utilization of SPS for V2X, however, remains the need to respect the 100ms latency budget.  In particular, if the SPS period is not aligned with the traffic generation period, then the additional time required to wait for the occurrence of an SPS allocation adds to the total latency for a message.   On the other hand, if the SPS period can be aligned with the traffic generation period, then latency introduced by SPS is not an issue, and an SPS period as large as 100ms can be chosen (e.g. to match the minimum possible CAM generation period). 
Observation 3 SPS is preferred to dynamic scheduling for CAM traffic if the CAM message generation can be aligned to the SPS schedule.
We note that currently in the specifications, the SPS intervals supported are 10ms, 20ms, 32ms, 40ms, 64ms, 80ms, 128ms, 160ms, 320ms, and 640ms.  It would be preferable to also support the minimum and maximum CAM message periodicities (100ms and 1s) and thus:
Proposal 1 To minimize UL overhead for V2X, at least an SPS period of 100ms and 1s should be added to the specifications to handle the minimum CAM messaging period.

In order to determine whether CAM message generation and SPS schedule can be aligned, the triggers for changing the CAM generation period (described in [1]) need to be understood.  Based on the CAM message triggers (trigger 1 and trigger 2) in [1] (which are provided for reference in the appendix of this contribution), the following observations can be made about the behaviour of the CAM messages:
1) Whenever a change in vehicle dynamics occurs, a CAM message is generated immediately provided at least 100ms has elapsed since the last CAM message.  Vehicle dynamics includes position change, speed change, and heading change.  For example, a vehicle starts moving and continues to move at a sufficiently fast pace, then a CAM message will theoretically be generated every 100ms because the change in vehicle dynamics will always be triggered.
2) Relative to the first observation, it is further noted that UE can check for a change in vehicle dynamics at any rate lower than or equal to 100ms.  Because of this, if a change in vehicle dynamics occurs some time T greater than 100ms (e.g. 180ms) following the last generated CAM message, the new CAM message will be generated at a time which is not necessarily an multiple of 100ms (relative to the last CAM message).
3) The vehicle maintains a “current CAM period” which is used to determine when to generate a CAM message when no change in vehicle dynamics occurs.  A “current CAM period” corresponds to the time between the last two generated CAM messages.  If no change in the vehicle dynamics occurs, a CAM message is generated when the current CAM period has expired.

4) The current CAM period has a default value of 1sec.  The current CAM period is changed to the time since the last CAM following trigger 1, and changed back to the maximum (1sec) following N consecutive occurrences of trigger 2 without any change in vehicle dynamics (where N = 3 by default, and also corresponds to the maximum value of N which can be configured).   
Any change in the CAM generation period would result in a mismatch between the configured SPS period and the actual CAM generation period.  Although this can be handled by setting the SPS period to the minimum of 100ms to cover the worst case, a number of SPS resources (equal to the RRC parameter implicitReleaseAfter) would be wasted when the CAM period reverts to 1 second.  Further, the eNB would need to re-enable SPS after each implicit release.

Observation 4 Dynamic Changes in CAM period result in unnecessary resource reservation or undesired release of SPS configuration if fixed SPS allocation of 100ms is used to handle the worst case.

More importantly, the conditions for CAM triggers are checked repeatedly with an interval which may be less than 100ms.  As a result, there are situations whereby the offset (or timing) of the SPS configuration would need to change in order for the SPS schedule and CAM message generation to remain aligned.
Observation 5 Dynamic Changes in CAM period result in misalignment between SPS timing and CAM timing, increasing probability of the UE not meeting V2X timing requirements.
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Figure 1 – Illustration of Issues in Observations 4 and 5.
A change in vehicle dynamics could occur fairly regularly, and is detected at the application layer of the vehicle (UE).  To enable the use of SPS with limited capacity impacts (e.g. using longer periods), it is proposed to study mechanisms that allow the eNB to adjust the SPS timing accordingly.   
Proposal 2 RAN2 to study mechanisms to dynamically align SPS with CAM messages.
The UE should have some means via the AS to signal a change in the CAM message offset to the eNB, so that the eNB can change the SPS offset and avoid mismatch between the CAM message timing and SPS resource timing. 
Proposal 3 SPS enhancements should be considered to allow AS signaling by the UE to inform/trigger the eNB to change the SPS timing (offset). 
Furthermore, a similar signaling should be considered to avoid unnecessary reservation of resources and disabling of the SPS configuration as a result of a change to a larger CAM period (1 second).  Such signaling could consist of the change in the configured SPS period, or potentially signaling the non-use of a certain number of future resources. 

Proposal 4 SPS enhancements should be considered to allow AS signaling by the UE to change the SPS period, or indicate the non-usage of specific resources.   
2.2 CAM Traffic Size
SPS was originally designed for VoIP, whereby voice packets of fixed size are assumed to occur regularly, and the eNB handles occasional increase in data requirements for a UE (due to, for example, another service), via dynamic scheduling.  
Observation 6 Current SPS design assumes a single allocation size recurring periodically.

In the case of CAM traffic, a CAM message can have various sizes.  All CAM messages must transmit a basic container (which contains basic information related to the vehicle) and a high-frequency container (which contains highly dynamic information about the vehicle).  In addition, a vehicle may also include a low-frequency container to a CAM message transmitted at a minimum rate of 1/500ms.  Also, for a specific class of vehicles, referred to in [1] as “special vehicles”, the CAM would contain a special container in the place of a low-frequency container.  The special container would have different size requirements compared to the low-frequency container.  Since the determination of whether a vehicle is a special vehicle or not, and whether other information (not yet defined) which are added to the high-frequency, low-frequency, or special containers can be determined in a static manner by the application layer and signalled to the eNB apriori, the eNB will basically need to deal with two CAM message sizes for any given vehicle UE.

Observation 7 From the perspective of the eNB, CAM traffic can be of different sizes.

In order to schedule UL to account for the different CAM sizes and still utilize SPS, the eNB could do one of the following:

Option 1 – Make SPS allocation equal to the larger of the sizes of the two messages, and live with some inefficiencies

Option 2 – Make SPS allocation equal to the smaller of the sizes of the two messages, and use dynamic scheduling to make up for larger transmissions

Option 3 – Allow for multiple SPS configurations running in parallel.

Option 4 – Design an SPS configuration with more flexible size allocations (for example, having a larger allocation periodically).

While options 1 and 2 have no impact on specifications, they result in either resource inefficiencies, or additional signalling.  Given the rate of low-frequency container or special container transmission is specified as 1/500ms at a minimum (it may be larger if the vehicle chooses to transmit these containers more than the specified minimum), it may be difficult to determine which of the two options would be best without this information in the eNB.

Options 3 and 4, on the other hand, have specification impacts.  While option 3 addresses the issue by creating several SPS configurations at the UE, option 4 enhances the single configuration that we have today by adding more flexibility.  Both options can be designed to address not only the case of two different message sizes, but more general scenarios which may become necessary for V2X or other applications later.    
Proposal 5 RAN2 to further discuss if current SPS design is sufficient to address the message size variations in V2X  
3 Conclusion

In this contribution the following observations we made related to SPS and traffic behaviour in V2X:
Observation 8 CAM message generation is periodic, with period that can vary between 100ms and 1sec.

Observation 9 CAM message periodicity changes with the vehicle dynamics

Observation 10 SPS is preferred to dynamic scheduling for CAM traffic if the CAM message generation can be aligned to the SPS schedule.

Observation 11 Dynamic Changes in CAM period result in unnecessary resource reservation or undesired release of SPS configuration if fixed SPS allocation of 100ms is used to handle the worst case.

Observation 12 Dynamic Changes in CAM period result in misalignment between SPS timing and CAM timing, increasing probability of the UE not meeting V2X timing requirements.

Observation 13 Current SPS design assumes a single allocation size recurring periodically.

Observation 14 From the perspective of the eNB, CAM traffic can be of different sizes.

As a result of the above observations the following proposal was made:

Proposal 6 To minimize UL overhead for V2X, at least an SPS period of 100ms and 1s should be added to the specifications to handle the minimum CAM messaging period.

Proposal 7 RAN2 to study mechanisms to dynamically align SPS with CAM messages.

Proposal 8 SPS enhancements should be considered to allow AS signaling by the UE to inform/trigger the eNB to change the SPS timing (offset). 

Proposal 9 SPS enhancements should be considered to allow AS signaling by the UE to change the SPS period, or indicate the non-usage of specific resources.   

Proposal 10 RAN2 to further discuss if current SPS design is sufficient to address the message size variations in V2X  
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5 Appendix
The CAM generation trigger conditions described in [1] are provided below for reference.  For simplicity, the text has been modified to assume that no Decentralized Congestion Control (DCC) is applied. DCC effectively increases the minimum CAM message interval from 100ms to any value below the maximum of 1second.  If no DCC is applied (which can be assumed for simplicity of illustration), then T_GenCam_Dcc can be assumed to be equivalent to T_GenCamMin (i.e. 100ms).
The parameter T_GenCam represents the currently valid upper limit of the CAM generation interval. The default value

of T_GenCam shall be T_GenCamMax. T_GenCam shall be set to the time elapsed since the last CAM generation, if a

CAM is triggered due to condition 1). After triggering the number of N_GenCam consecutive CAMs due to

condition 2), T_GenCam shall be set to T_GenCamMax. The value of the parameter N_GenCam can be dynamically

adjusted according to some environmental conditions. The default and maximum value of N_GenCam shall be 3.

EXAMPLE: N_GenCam can be increased when approaching an intersection in order to increase the probability

of CAM reception.

In detail the CAM generation trigger conditions shall be as follows:

1) The time elapsed since the last CAM generation is equal to or greater than T_GenCamMin and one of the

following ITS-S dynamics related conditions is given:

- the absolute difference between the current heading of the originating ITS-S and the heading included in

the CAM previously transmitted by the originating ITS-S exceeds 4°;

- the distance between the current position of the originating ITS-S and the position included in the CAM

previously transmitted by the originating ITS-S exceeds 4 m;

- the absolute difference between the current speed of the originating ITS-S and the speed included in the

CAM previously transmitted by the originating ITS-S exceeds 0,5 m/s.

2) The time elapsed since the last CAM generation is equal to or greater than T_GenCam and equal to or greater than T_GenCamMin.

If one of the above two conditions is satisfied, a CAM shall be generated immediately.
The conditions for triggering the CAM generation shall be checked repeatedly every T_CheckCamGen. T_CheckCamGen shall be equal to or less than T_GenCamMin.
Note:

T_GenCamMin - 100ms

T_GenCamMax  - 1 second
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