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1 Introduction
After the UL SPS discussions for V2X in RAN2 #93bis meeting, the following consensus for CAM messages was reached:
	RAN2 #93bis Chairman Notes
Agreements:

· Observation:  CAM message generation can be dynamic in terms of size, periodicity and timing. Such changes will result in misalignment between SPS timing and CAM timing.  There may be some regularity in size and periodicity between different triggers.  
-  SPS can be beneficial for some cases and SPS can be configured.  FFS if UE assistance is necessary 

-  At least the following SPS periodicities should be included 100 and 1s can be included.  

· FFS if SPS enhancement are necessary


However, the traffic characteristic of CAM remains unclear, and still needs to be further discussed. 

Therefore, by analyzing the CAM specification [1] in depth, this contribution aims to clarify the CAM characteristics which can act as a basis for further discussions on UL/SL SPS for V2X. 
2 Traffic Characteristics of CAM

2.1 CAM Generation Mechanism
According to [1], CAM generation shall depend on actually two aspects which are respectively the Vehicle Dynamics and the Decentralized Congestion Control (DCC) specified by ETSI TS 102 724 for ITS.  Since LTE-based V2X is under control of LTE system, it is thus not likely to apply such a DCC mechanism for the V2X transmission. Thus, only the generation rules associated with Vehicle Dynamics need to be considered in our LTE-V2X study and will be considered in the following discussions. 
To this end, the generation rules of the CAM can be summarized from [1] as in the following Table 1. 
Table 1 CAM Generation Rules [1]
	· 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. 


As per the above CAM generation rules, it can be seen that whether or not a CAM should be generated every time  the generation rules are checked relies on the position change, speed change and heading change which are all vehicle dynamics. 
Since the position change continuously happens for a vehicle travelling on the road, therefore, the trigger condition for position change, i.e. the distance between current position and the position included in the previous CAM exceeds 4 m, can be often met and thus frequently results in CAM message generation. Besides, the 4-meter position change corresponds to a rather small CAM interval, so that the speed change or heading change within such a small interval may typically not be significant enough to meet the trigger condition. Therefore, we conclude that the trigger condition for position change should be the main cause for the majority of CAMs generated, which thus functions as the main cause affecting the Periodicity of the CAM. 

From the perspective of driving behaviour, however, the speed change and heading change which are caused due to acceleration, braking, turning, etc., are typically much less frequent compared with the position change and are unlikely to last for a long period. Therefore, the above trigger conditions of speed change and heading change may not be frequently satisfied and thus only generate a few CAMs occasionally. This may further influence the Timing Offset of the CAM traffic, as to be discussed below.  
Observation 1: The trigger condition of position change is the main cause for CAM generation and functions as the main factor affecting the Periodicity of the CAM; whereas the trigger conditions of speed change and heading change only generate a few CAMs occasionally, and would mainly influence the Timing of the CAM traffic.
2.2 Periodicity of the CAM 
Now we provide detailed analysis on the periodicity characteristics of the CAM and clarify actually how the CAM periodicity is determined and how it varies with respect to vehicles’ driving status. 
2.2.1  Detailed Analysis on CAM Periodicity 
As discussed above, CAM generation is mainly caused by position change. As Position change is fundamentally caused by vehicle speed, the CAM generation interval heavily depends on the vehicle’s speed. Consider the relationship between the position change,
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, the speed of the vehicle, 
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. As the generation rules require that the position change should exceed 4 meters in order to generate a CAM message, it means that the trigger condition of exceeding 4 meters is met for CAM generation if 
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. However, the satisfaction of such trigger condition does NOT necessarily generate a CAM at once, because the vehicle shall only check the CAM generation rules every T_CheckCamGen (the last item in Table 1) rather than at any point of time. As a result, to find the interval for each CAM generation, it is necessary to see if 
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. In fact, with the checking interval of T_CheckCamGen, possible values for CAM interval are typically the multiples of T_CheckCamGen.
Moreover, due to the limitation that CAM interval should not be inferior to 100 ms or superior to 1 sec as in Table 1, the minimum and maximum possible values for CAM interval are 
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 where  Nmin = ceil (100 / T_CheckCamGen)  and 
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 where Nmax= floor (1000 / T_CheckCamGen), respectively. 
Based on the above analysis, the interval of each CAM generation typically complies with the following 
· if  (n-1)T_CheckCamGen × S < 4 m ≤ nT_CheckCamGen × S, which is equivalent to 4 m / nT_CheckCamGen < S ≤ 4 m / (n-1)T_CheckCamGen, then CAM interval = n × T_CheckCamGen where n is an integer between Nmin and Nmax;

· else if  NminT_CheckCamGen × S  ≥ 4 m, which is equivalent to S ≥ 4 m / NminT_CheckCamGen, then CAM interval = Nmin × T_CheckCamGen;

· else if NmaxT_CheckCamGen × S < 4 m, which is equivalent to S < 4 m / NmaxT_CheckCamGen,  then CAM interval = Nmax × T_CheckCamGen. 
As a further summary, the CAM interval can be calculated with respect to vehicle speed according to the scheme provided in the following table. 
Table 2 Calculation of CAM interval
	Denote S as the speed of the vehicle; the CAM intervals are valued as the following specific manner:  

a) IF  4 m / nT_CheckCamGen ≤ S < 4 m / (n-1)T_CheckCamGen and n is an integer between Nmin and Nmax, then CAM interval = n × T_CheckCamGen;
b) ELSE IF S ≥ 4 m / NminT_CheckCamGen, then CAM interval = Nmin × T_CheckCamGen; 

c) ELSE IF S < 4 m / NmaxT_CheckCamGen, then CAM interval = Nmax × T_CheckCamGen.
Where Nmin = ceil (100 / T_CheckCamGen) and Nmax= floor (1000 / T_CheckCamGen).


It is observed that each condition within the above table actually corresponds to a range of vehicle speed, i.e. the parameter “S”, and thus there must be some relationships between the CAM interval and vehicle speed. To see this relationship, a specific value must be given to T_CheckCamGen, which, however, is only defined as a range, i.e. “T_CheckCamGen which is equal to or less than 100 ms”, but not a specific value. To this end, we provide in the Appendix the CAM interval versus vehicle speed respectively with T_CheckCamGen = 100 ms and 50 ms as two examples based on Table 2 above. 
From the Appendix, we get the following information about the CAM periodicity. 
· The CAM interval can stay fixed within a certain range of vehicle speed, which means that the CAM interval typically changes only when the speed has a rather large change exceeding this range, rather than immediately changing when any slight speed change occurs. Therefore, the interval of the CAM typically remains unchanged and the CAM can be regarded as periodically generated with a certain periodicity for a period of time in many cases, especially when the vehicle is travelling at a rather stable speed (e.g. on the highway, etc). Such periodicity of the CAM as analyzed above may function as strong evidence to justify the benefits of SPS for CAM transmissions. 
· The smaller T_CheckCamGen, the more different values are possible for the CAM interval and the more volatile the CAM interval becomes as shown in the appendix. Therefore, SPS may not be suitable if a small value is used for T_CheckCamGen. On the other hand, too many possible values of CAM interval may mean that a large number of new values of SPS intervals have to be added into RRC, which may not be preferred from the standard point of view. Since T_CheckCamGen =100 ms is an explicit upper bound allowed by the CAM specification, as per the analysis above, it is proposed that RAN2 should enhance SPS based on the assumption of T_CheckCamGen =100 ms, while dynamic scheduling can be used for other values of T_CheckCamGen.  

Observation 2: The interval of CAM typically changes only when the vehicle speed change exceeding a range, rather than immediately changing when any slight speed change occurs.
Observation 3: The interval of the CAM typically keeps unchanged and the CAM can be regarded as periodical with a certain periodicity, when the vehicle is travelling at a relatively stable speed within a range, such as on the highway. 
Observation 4: Smaller values of T_CheckCamGen result in more possible values for CAM generation interval, which result in more frequent CAM interval change. T_CheckCamGen =100 ms is an upper bound allowed by CAM specification
Proposal 1: RAN 2 is suggested to enhance SPS based on the possible CAM periodicity of 100 ms, 200 ms, 300 ms, …, 1 sec which are derived with T_CheckCamGen of 100 ms as shown in Table A.1. These possible CAM periodicity values should be introduced as SPS intervals.
Proposal 2:  Dynamic scheduling can be used for other possible values of T_CheckCamGen. 
2.2.2 Timing Offset of CAM Traffic  

As mentioned above, speed change and heading change may typically generate only a few CAM messages occasionally. Thus, the speed change and heading change are not the main factor to affect the periodicity of the CAM, but could change the timing offset of a series of CAMs occasionally. 

Specifically, for the CAMs with a given periodicity, when some speed change/heading change occurs suddenly due to some driving events (acceleration, emergency brake, emergency turning, etc) with corresponding trigger condition being met, one or two CAM messages may be generated with an interval not following the original CAM periodicity. Then, after recovery from these sudden and occasional events, the CAM periodicity may return to the same periodicity as before, but the timing offset for the series of subsequent CAMs would be changed compared with original CAM traffic pattern (i.e. the CAMs before the sudden speed or heading change).  

Such Timing Offset change, which is most likely to be caused by the speed or heading change of the vehicle, can be also regarded as a traffic nature of the CAM, and is illustrated with the following example.  It is seen that after an isolated CAM message generated with an interval of 100 ms, (triggered by a speed or heading change), the timing offset of the series of the CAMs (red messages) has changed from point B to point A, though the periodicity remains unchanged as 200 ms similar to the previous CAM messages.  As a result, the offset between the timing of CAMs and timing of SPS resources also changes, which is likely to result in a mismatch between CAM timing and SPS timing and further risks the V2X delay requirements not being satisfied, as shown in the figure below as well. 
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Observation 5: A speed change or heading change are likely to change the timing offset of a series of CAMs occasionally, and such timing offset change may lead to misalignment between SPS timing and CAM timing which further results in the risk of V2X delay requirement not being satisfied. 
2.3 Message Size of the CAM
CAM Data Elements and Their Sizes

The following table presents the data elements with their sizes contained by each CAM message, according to ETSI CAM technical specification [1]. 
Table 3 CAM Data Elements and Size
	Data Elements
	Type
	Typical Size (Bytes)
	Description

	Header
	Mandatory
	8
	Protocol version, message type, sender address, and time stamp

	Basic Container
	Mandatory
	18
	Station type (e.g., lightTruck, cyclist, pedestrians, etc.) and position

	High-Frequency (HF) Container
	Mandatory
	23
	All fast-changing status information of the vehicle, i.e., heading, speed, acceleration, etc.

	Low-Frequency (LF) Container
	Mandatory (every 500 ms)
	60 (7 path history points)
	Static or slow-changing vehicle data, mainly path history.  The path history is made up of a number of path history points. According to [3], 7 path history points are sufficient to cover over 90% cases based on extensive testing whereas up to 23 path history points can be contained. Each point is approximately 8 bytes [1]. 

	Special Vehicle Container
	Optional
	2 ~ 11
	Specific vehicles role in road traffic (e.g., public transport, vehicles realizing a rescuing operation, etc.). 


It is worth noting that the above LF container of CAM shall be included if the time elapsed since the generation of the last CAM with the low frequency container is equal or larger than 500 ms [1]. 
Security Overhead 
Besides the data elements, CAM messages have to additionally have some security overhead which will directly impacts the message size.  ETSI ITS considers a public key infrastructure (PKI) based security solutions for V2X communications, which is an asymmetric application-layer security solution. So typically, every CAM message needs to carry a signature, as well as either a certificate or a certificate’s digest to achieve anonymity and integrity protection. 
Observation 6: Regarding security overhead, every CAM message needs to carry a signature, as well as either a certificate or a certificate’s digest to achieve anonymity and integrity protection. 
Typical sizes for signature, digest, and certificate are 64 bytes, 8 bytes, and 117 bytes, respectively [4]. Besides, for ETSI ITS, it is specified in [5] that the certificate shall be attached if the time elapsed since the generation of the last message with the certificate is equal to or larger than 1000 ms.
Message Size for CAM Messages

From the above input, it is obvious that the CAM message size can be variable rather than a fixed value. Below, the range of CAM message with or without certificate is analyzed respectively. 
If certificate is not attached, then the minimum CAM size is obtained by adding the data elements of Header, Basic Container, HF Container and the security overhead of signature and digest. So the minimum CAM size without certificate is approximately 8+18+23+64+8 = 121 Bytes. As for the maximum CAM size without certificate, we should consider the LF-container with the maximum available 23 path history points; with 60 Bytes for the 7 path history and 8 Bytes per point as in Table 3, the maximum LF-container is 60 + (23-7)*8 = 188 Bytes. Additionally, although most of the vehicles are normal cars without specific functionalities, special vehicles, i.e. ambulance, police cars, etc., should also be considered for their special vehicle containers, when calculating the maximum achievable CAM size. Hence, the largest CAM with no certificate is approximately 121+188 +11 = 320 Bytes. Thus the CAM without certificate is in the range of 121 ~ 320 Bytes
If a certificate that is 117 Bytes is attached, then a digest is not needed any more. In this case, the minimum CAM with certificate is about 121- 8 + 117 = 230 Bytes long, whereas the maximum CAM with certificate is about 320 - 8 +117 = 429 Bytes long. Hence, the CAM with certificate is about 230 ~ 429 Bytes long
To summarize, we have the following observation with respect to the message size of CAMs. 
Observation 7: The CAM message size is variable. The CAM message size is about 121 ~ 320 Bytes without certificate and about 230 ~ 429 Bytes with certificate. 
3 Conclusions
In this contribution we provide deep insight into the characteristics of CAM, specifically the periodicity and message size, in order to facilitate the discussion of UL/SL SPS. Some proposals are proposed as follows
Observation 1: The trigger condition of position change is the main cause for CAM generation and functions as the main factor affecting the Periodicity of the CAM; whereas the trigger conditions of speed change and heading change only generate a few CAMs occasionally, and would mainly influence the Timing of the CAM traffic.
Observation 2: The interval of CAM typically changes only when the vehicle speed change exceeding a range, rather than immediately changing when any slight speed change occurs.
Observation 3: The interval of the CAM typically keeps unchanged and the CAM can be regarded as periodical with a certain periodicity, when the vehicle is travelling at a relatively stable speed within a range, such as on the highway. 
Observation 4: Smaller values of T_CheckCamGen result in more possible values for CAM generation interval, which result in more frequent CAM interval change. T_CheckCamGen =100 ms is an upper bound allowed by CAM specification
Observation 5: A speed change or heading change are likely to change the timing offset of a series of CAMs occasionally, and such timing offset change may lead to misalignment between SPS timing and CAM timing which further results in the risk of V2X delay requirement not being satisfied. 
Observation 6: Regarding security overhead, every CAM message needs to carry a signature, as well as either a certificate or a certificate’s digest to achieve anonymity and integrity protection. 
Observation 7: The CAM message size is variable. The CAM message size is about 121 ~ 320 Bytes without certificate and about 230 ~ 429 Bytes with certificate. 
Proposal 1: RAN 2 is suggested to enhance SPS based on the possible CAM periodicity of 100 ms, 200 ms, 300 ms, …, 1 sec which are derived with T_CheckCamGen of 100 ms as shown in Table A.1. These possible CAM periodicity values should be introduced as SPS intervals.

Proposal 2:  Dynamic scheduling can be used for other possible values of T_CheckCamGen. 
Proposal 3: Capture the observations on CAM generation interval and CAM message size into TR 36.885.
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5 Appendix: CAM interval vs. Vehicle Speed

According to above Table 2, we here present an explicit relationship between CAM intervals and vehicle speed as follows. 
· T_CheckCamGen = 100 ms 
Table A.1 CAM Interval vs. Vehicle Speed, T_CheckCamGen= 100 ms

	n
	Speed of the Vehicle, S
	CAM Interval 

	1 (Nmin)
	144 km/h ≤ S
	100 ms 

	2
	72 km/h ≤ S < 144 km/h
	200 ms

	3
	48 km/h ≤ S < 72 km/h
	300 ms

	4
	36 km/h ≤ S < 48 km/h
	400 ms

	5
	28.8 km/h ≤ S < 36 km/h
	500 ms

	6
	24 km/h ≤ S < 28.8 km/h
	600 ms

	7
	20.6 km/h ≤ S < 24 km/h
	700 ms

	8
	18 km/h ≤ S < 20.6 km/h
	800 ms

	9
	16 km/h ≤ S < 18 km/h
	900 ms

	10 (Nmax)
	           0 ≤ S < 16 km/h
	1 sec 


It can be seen that, with T_CheckCamGen set as 100 ms that is the upper bound as defined by the CAM specification, the possible CAM intervals are all multiples of 100 ms.
· T_CheckCamGen = 50 ms 
Table A.2 CAM Interval vs. Vehicle Speed, T_CheckCamGen= 50 ms
	n
	Speed of the Vehicle, S
	CAM Interval

	2 (Nmin)
	144 km/h ≤ S
	100 ms

	3
	96 km/h ≤ S < 144 km/h
	150 ms

	4
	72 km/h ≤ S < 96 km/h
	200 ms

	5
	57.6 km/h ≤ S < 72 km/h
	250 ms

	6
	48 km/h ≤ S < 57.6 km/h
	300 ms

	7
	41.1 km/h ≤ S < 48 km/h
	350 ms

	8
	36 km/h ≤ S < 41.1 km/h
	400 ms

	9
	32 km/h ≤ S < 36 km/h
	450 ms

	10
	28.8 km/h ≤ S < 32 km/h
	500 ms

	11
	26.2 km/h ≤ S < 28.8 km/h
	550 ms

	12
	24 km/h ≤ S < 26.2 km/h
	600 ms

	13
	22.2 km/h ≤ S < 24 km/h
	650 ms


	14
	20.6 km/h ≤ S < 22.2 km/h
	700 ms

	15
	19.2 km/h ≤ S < 20.6 km/h
	750 ms

	16
	18 km/h ≤ S < 19.2 km/h
	800 ms

	17
	16.9 km/h ≤ S < 18 km/h
	850 ms

	18
	16 km/h ≤ S < 16.9 km/h
	900 ms

	19 
	15.2 km/h ≤ S < 16 km/h
	950 ms

	20(Nnax)
	S < 15.2 km/h
	1000 ms


It can be seen that, with T_CheckCamGen being set as 50 ms, all the possible CAM intervals are multiples of 50 ms and the number of possible CAM intervals are more than those with T_CheckCamGen  = 100 ms compared with above Table A.1.

6 Text Proposal

Note: This text proposal is based on the latest version of TR 36.885 (i.e. v1.0.0) as provided in 2016-03.
--- BEGIN Text Proposal ---
4
V2X operation scenarios
Editor notes: This section is to describe LTE-based V2X operation scenarios, e.g., in terms of spectrum, network coverage, etc.

Editor notes: It is FFS whether V2I/V2N/V2P will be captured in the following scenarios or new scenarios.
4.1
Scenario 1

4.1.1
General Description
This scenario supports V2X operation only based on PC5.

In this scenario, a UE transmits a V2X message to multiple UEs at a local area in sidelink.
For V2I, either transmitter UE or receiver UE(s) are UE-type RSU.
For V2P, either transmitter UE or receiver UE(s) are pedestrian UE.
[…] 
X. Traffic Characteristics of CAM
The CAM traffic characteristics is presented in this section according to the CAM specification of ETSI TS 302 637-2. 

The Generation rules of the CAM can be summarized from ETSI TS 302 637-2 as follows, 

· 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.
The position change is the main cause for CAM generation and functions as the main factor affecting the periodicity of the CAM; whereas the speed change and heading change only generate a few CAMs occasionally, and could influence the Timing Offset of the CAM traffic.
The interval of CAM messages typically changes only when the vehicle speed changes exceeding a range, rather than immediately changes as long as any slight speed change occurs. 

The interval of the CAM typically keeps unchanged and the CAM can be regarded as periodical with a certain periodicity, when the vehicle is travelling at a relatively stable speed within a range, such as on the highway. 

A smaller value for the check period, T_CheckCamGen, results in more possible values for CAM generation interval, and makes CAM interval change more frequently. T_CheckCamGen =100 ms is an upper bound allowed by CAM specification.
Possible values of CAM periodicity can be 100 ms, 200 ms, 300 ms … 900 ms, 1 sec, which are derived with T_CheckCamGen of 100 ms as shown in the following Table. These possible CAM periodicity values should be introduced as SPS intervals. 

Table x CAM Interval vs. Vehicle Speed, T_CheckCamGen= 100 ms

	n
	Speed of the Vehicle, S
	CAM Interval 

	1 (Nmin)
	144 km/h ≤ S
	100 ms 

	2
	72 km/h ≤ S < 144 km/h
	200 ms

	3
	48 km/h ≤ S < 72 km/h
	300 ms

	4
	36 km/h ≤ S < 48 km/h
	400 ms

	5
	28.8 km/h ≤ S < 36 km/h
	500 ms

	6
	24 km/h ≤ S < 28.8 km/h
	600 ms

	7
	20.6 km/h ≤ S < 24 km/h
	700 ms

	8
	18 km/h ≤ S < 20.6 km/h
	800 ms

	9
	16 km/h ≤ S < 18 km/h
	900 ms

	10 (Nmax)
	           0 ≤ S < 16 km/h
	1 sec 


The periodicity of CAM messages can be variable with respect to the different range of the vehicle speed. 

The speed change and heading change are likely to change the timing offset of a series of CAMs occasionally and such timing offset change may further lead to misalignment between SPS timing and CAM timing and further result in the risk of V2X delay requirement not satisfied. This timing offset issue is captured in the following figure. 
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Figure x Timing offset issue of CAM traffic 
According to ETSI TS 302 637-2, the information elements of CAM and their size are shown in the following Table, 

Table xx CAM Data Elements and Size
	Data Elements
	Type
	Typical Size (Bytes)
	Description

	Header
	Mandatory
	8
	Protocol version, message type, sender address, and time stamp

	Basic Container
	Mandatory
	18
	Station type (e.g., lightTruck, cyclist, pedestrians, etc.) and position

	High-Frequency (HF) Container
	Mandatory
	23
	All fast-changing status information of the vehicle, i.e., heading, speed, acceleration, etc.

	Low-Frequency (LF) Container
	Mandatory (every 500 ms)
	60 (7 path history points)
	Static or slow-changing vehicle data, mainly path history.  The path history is made up of a number of path history points. According to [3], 7 path history points are sufficient to cover over 90% cases based on extensive testing whereas up to 23 path history points can be contained. Each point is approximately 8 bytes [1]. 

	Special Vehicle Container
	Optional
	2 ~ 11
	Specific vehicles role in road traffic (e.g., public transport, vehicles realizing a rescuing operation, etc.). 


Besides the information elements in the CAM themselves, every CAM message needs to carry a signature, as well as either a certificate or a certificate’s digest to achieve anonymity and integrity protection. Typical sizes for signature, digest, and certificate are 64 bytes, 8 bytes, and 117 bytes, respectively
As a result, the CAM message size is variable. The CAM message size is about 121 ~ 320 Bytes without certificate whereas 230 ~ 429 Bytes with certificate. 

--- END Text Proposal ---
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