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1
Introduction
In this contribution we discuss details of semi-persistent transmissions for V2V using sidelink. We present some simulation results and make proposals for system level design. The contribution is organized as follows:

· Section 2 discusses details of semi-persistent transmission for V2V
· In Section 3 we present some simulation results  
· Section 4 concludes the contribution

· Appendix A shows comparison results for DSRC for different packet arrival rates 
2
Semi-Persistent Transmission Details
During RAN1#84bis and RAN1#85 the following agreements were achieved on semi-persistent transmission details. 
Agreement in RAN1 #84bis:
· If at TTI n resource selection/reselection is triggered in UE autonomous resource selection mode,

· The UE at least senses between TTI n-a and TTI n-b (FFS a and b with a>b>0), where a and b are integers

· Working assumption: The values a and b are common for V2V UEs. 

· UE selects time-frequency resource(s) for PSSCH 

· UE transmits SA in TTI n+c where c is an integer

· FFS whether c is a fixed value (>= 0) or variable.
Agreement in RAN1 #84bis:
· In UE autonomous resource selection mode,

· UE transmits SA at TTI n+c indicating the associated data which is transmitted at TTI n+d (FFS d with d>=c), where c and d are integers

· UE indicates whether it intends to reuse the frequency resource signaled for transmission at TTI n+d for potential transmission at TTI n+e for another TB (FFS e with d<e), where e is an integer

· FFS whether this indication is implicit or explicit.

· FFS if and how to signal the value for e

· FFS how the UE determines the value for e

· FFS whether e is a single value or can be multiple values

· FFS whether, and if so how, a UE can notify later that it no longer intends to use the resource at TTI n+e.

· FFS how the UE decides to indicate this

· Other details FFS
Agreement in RAN1 #85:
· The values of a and b are fixed

· b > 0

· Confirm the working assumption “The values a and b are common for V2V UEs”

· a = 1000 + b
· All the decoded SA transmissions in TTI [n-a, n-b) are taken into account.
· A decoded SA which is associated with data transmissions in data resource(s) at any TTI [n-a, n-b) and transmitted earlier than TTI n-a is taken into account.
· FFS: If UE skips sensing on sub-frame m, for e.g.: due to its own transmission in sub-frame m, it excludes resources in subframes at m+100*k in the resource (re)selection (if triggered), until it is able to perform sensing in those sub-frames. 

· FFS on the following:
· c > 0

· c, d <= 100
· FFS how to further restrict the selection of c and d, e.g., to fulfill the latency requirement
· FFS on the details of e, e.g., the receiver UE assumption on the transmitter UE behavior in reusing the same resource.
 [Agreements in [85-09] email discussion on the FFS points above]

Proposal on point 1: 

· UE skips sensing at least on the subframes used for its own transmissions.
· FFS how this is reflected in the resource (re)selection, e.g., whether/how to exclude the subframes for which sensing result (including information gathered from both energy measurement and SA decoding) is not available at least in case of SA and data are transmitted in the same subframe.
Proposal on points 2&3:

· Discuss in RAN1#86 whether the following is needed.
· UE is not required to transmit PSCCH at TTI n+c with c<cmin.
· FFS the exact value of cmin.

· c <= d <= dmax
· FFS how dmax is determined to fulfil the latency requirement of the packet to transmit, e.g., whether dmax is dependent of the priority level.

· Discuss in RAN1#86 whether further clarification is needed on the time reference of resource reselection, e.g., including the proposal in R1-165909.

Proposal on points 4&5:

· Continue discussion in RAN1#86 on “e,” including the following proposal discussed in this email discussion:
· A receiver UE decoded an SA assumes that the same frequency resource is reserved by the SA transmitter UE at TTI n + d +P*j for j=i, 2*i, …, J*i.
· P=100

· FFS details of J, e.g., whether it is explicitly signalled in the SA, J is fixed in the specification (including fixed to 1).
· FFS details of i, e.g., whether it is explicitly signalled in the SA, (pre)configuration can be used to restrict the selection of i, i is fixed in the specification, or it is an integer between 0 and 10.
We first discuss the period of semi-persistent transmission. Many companies are proposing that the SPS period can be decided by UE and be transmitted in the SA. There are several problems with such an approach. It is noted in [1] that the CAM packets are not generated in a perfectly periodic manner. Packet generation is a function of vehicle’s speed, orientation and acceleration state. The period of transmission between CAM packets can very between 100ms to 1 second. However it is not always possible for the modem to predict the period of transmission of packets. In such a situation selecting a SPS period is not possible.

Observation 1: Modem cannot always predict the periodicity of CAM transmissions by a vehicle. Therefore modem cannot select a SPS period.

If SPS period is selected by a UE then it is not clear how other UEs will know about this period. They will need to know the SPS period for autonomous resource selection. One proposal is that the SPS period can be transmitted in the SA. However we note that SA with 64 bits can be the bottleneck for link budget at high speeds. This is illustrated in Table 1 below where the SA and data link budgets are either very close or SA link budget is the bottleneck. When the link budgets of SA and data are close to each other fading can easily lead to SA not being decoded whereas data could have been decoded.
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Table 1: Link budget of SA and Data at different speeds
Note that the transmission period can be any number between 100 ms and 1 second, then transmitting the exact SPS period in SA will lead to significant large overhead (10 bits). Furthermore transmitting SPS period in the SA does not completely solve the problem. If a UE is unable to decode the SA due to SINR or half duplex issues then it will not know the transmitter’s SPS period. 

Observation 2: Transmitting SPS period using SA can lead to link budget issues. Furthermore it does not completely solve the problem. More particularly UE behaviour when it is unable to decode SA is unclear.   
If SPS period is made granular then the overhead in SA can be reduced. However another issue arises then. If the SPS period is greater than 100 ms and has some granularity then some of the transmissions may not be able to meet the 100 ms latency requirements. This is illustrated in Figure 1 below where a car is travelling at 55km/hr. Then it changes its location by 4m every 262 ms. In other words a CAM packet will be generated every 262 ms. Now suppose the granularity of SPS period is 20ms then let’s consider SPS periods of 260ms and 280ms, i.e., the closest periods with granularity of 20ms. In both cases there are periods where the latency requirement of 100ms cannot be met. This is illustrated in Figure 1 below.
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Figure 1: Latency of transmission with SPS periods of granularity 20ms
Observation 3: If the UE selected SPS period is more than 100ms and SPS period has granularity greater than 1ms then there exists instances of SPS periods meeting latency requirements is not feasible.
Our last observation is that since state change of a vehicle, e.g., turn, acceleration, deceleration, can change the CAM generation period, the SPS period used by a modem also needs to change. This means that a vehicle will need to reselect resources every time SPS period change. Such reselection can cause negatively impact on overall system level performance because it reduces the utility of using the past to predict future interference patterns. This is illustrated in the next section. 

Observation 4: UE selected SPS period can change with the state of the vehicle. This will lead to reselection and hurt system level performance.
Based on this we propose that the SPS period be fixed to 100ms on a system wide. Here the modem does not need to predict the arrival period. Furthermore this will make sure that the latency requirement of 100ms is always satisfied and the SPS period does not need to be transmitted in SA. Our simulations results in the next section show that such a scheme is robust to different traffic models.
Proposal 1: Use a system wide fixed SPS period of 100ms for all UEs. The SPS period is not transmitted in the SA.
If a latency requirement is less than 100ms all the resources that meet the latency requirement can be selected using the history information on those resources. We note that almost all SA1 latency requirement are of 100ms (or more) [2]. There is only one requirement less than 100ms and that requirement is for an event driven message (Pre-crash Sense Warning). Furthermore that requirement is to be treated with low priority.
[PR.5.12.5-001] 
The E-UTRA(N) shall be able to transfer V2X messages between two highly mobile UEs supporting V2V Service with less than 20 ms latency and high reliability.

Note 2: 
This requirement might be treated with lower priority compared to the other requirements.
Proposal 2: For latency requirements below 100ms UE can select resources (for a single transmission) among those that meet the latency requirement using the history information on those resources. 
We further propose that the value of a and b to be set to 1100 and 100 respectively. 

Proposal 3: Set the value of a and b to be 1100 and 100 respectively.

Furthermore we propose that for SA transmission 100>=c> 0 and the semi-persistent retransmission of SA follows c’ = 100*j+ c  (j=1,..). For Data we propose 100>=d>=c,  e = 100*j+ d  (j=1,..).

Proposal 4: For SA transmission 100>=c> 0 and the semi-persistent retransmission of SA follows c’ = 100*j+ c  (j=1,..).

Proposal 5: For Data transmission we propose 100>=d>=c,  e = 100*j+ d  (j=1,..).  
3
Simulation Results

We now present some system level simulation results. The results are shown in Figures 3 to 5 below. We simulated both the Freeway 70 km/hr, Urban 60km/hr and Urban 15km/hr, cases as agreed to in [4] (except the traffic source which is described below). The Freeway length was set to 2000m. The metrics plotted are as agreed in [4]. eNodeB was not modelled and the whole spectrum was assumed to be available to V2V. For LTE-V2V each packet was transmitted using a single HARQ transmission. For both packet sizes of 190 bytes and 300 bytes the number of RBs occupied was equal and set to 18 RBs. SA size was fixed to 2 RBs with the number of information bits set to 55. A channelization based resource pool as described in [3] was used. 5 channels of 10 RBs each were used. SA and associated data transmissions were adjacent in frequency and were transmitted on the same subframe. A backoff of 1dB was assumed, i.e., transmit power was set to 22dBm. The power per RE (resource element) was set equal for SA and associated data. The energy threshold for excluding SA decoded resources was set to -70dBm. The countdown timer was set according to the working assumption made during RAN1#85 and (a-b) was set to 1000ms. Option 2-1 with Option 3-1 was simulated [5]. In Step 3-2 for Option 3-1 the energy in the currently selected resource is compared to the set of resources with lowest 20% of the energy. The threshold is set to 6dB.

For traffic source we simulated 3 possibilities.

· Max Traffic model: Packet arrives every 100ms. This is according to the simulation assumption agreement in [5].
· Speed Dependent Traffic model: Packet arrives every according to the speed of vehicles agreed to in the simulation. More precisely whenever a vehicle moves by 4m then a packet arrives [1]. Table 2 gives the packet arrival time difference for different speeds. We note that for 140 km/hr and 250 km/hr the packet arrival rate will be 100ms, so results for those cases are not presented here.

	Scenario
	Freeway 70km/hr
	Urban 60km/hr
	Urban 15 km/hr

	CAM Generation Periodicity (ms)
	200
	250
	1000


Table 2: CAM packet generation period
· Mixed Traffic model: Here the packet is either generated with a period of 100ms with probability 0.5 or with a period that is dependent on the speed of the vehicle (as show in Table 1 above). The transition follows a Markov state model as shown in Figure 2 below.
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Figure 2: Two state traffic model
For the all the traffic model cases we simulated the case where the SPS period was set to 100ms. For the two state traffic model we also simulate the case where the UE changes the SPS period based on the period of the traffic source. For example if a traffic source for a UE travelling at 60km/hr is generating packets every 250ms then a SPS period of 250ms is used. If the traffic sources changes to 100ms then a SPS period of 100ms is used. In other words SPS period corresponds to the inter packet traffic arrival time.
We observe that for fixed SPS period decreasing the message inter-arrival time period leads to loss in PRR performance. This is expected. We also observe that the fixed SPS period for mixed traffic model outperforms the case where SPS period is equal to inter packet traffic arrival time. This is especially true for Freeway 70km/hr where at 0.95 PRR the range is reduced by 50%.
Observation 5: Using SPS period as a function of packet inter arrival time can lead to significant loss in performance. 
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Figure 3: Freeway 70 km/hr
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Figure 4: Urban 60 km/hr
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Figure 5: Urban 15 km/hr
3
Conclusion

In this contribution we discussed details of sensing with semi-persistent transmission. We made the following observations and proposals.
Observation 1: Modem cannot always predict the periodicity of CAM transmissions by a vehicle. Therefore modem cannot select a SPS period.

Observation 2: Transmitting SPS period using SA can lead to link budget issues. Furthermore it does not completely solve the problem. More particularly UE behaviour when it is unable to decode SA is unclear.   
Observation 3: If the UE selected SPS period is more than 100ms and SPS period has granularity greater than 1ms then there exists instances of SPS periods meeting latency requirements is not feasible.

Observation 4: UE selected SPS period can change with the state of the vehicle. This will lead to reselection and hurt system level performance.

Proposal 1: Use a system wide fixed SPS period of 100ms for all UEs. The SPS period is not transmitted in the SA.

Proposal 2: For latency requirements below 100ms UE can select resources (for a single transmission) among those that meet the latency requirement using the history information on those resources. 
Proposal 3: Set the value of a and b to be 1100 and 100 respectively.

Proposal 4: For SA transmission 100>=c> 0 and the semi-persistent retransmission of SA follows c’ = 100*j+ c  (j=1,..).
Proposal 5: For Data transmission we propose 100>=d>=c,  e = 100*j+ d  (j=1,..).  
Observation 5: Using SPS period as a function of packet inter arrival time can lead to significant loss in performance.
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Appendix A

DSRC Comparison with Different Traffic Arrival Rate
In this subsection we show comparison with DSRC for max traffic and speed dependent traffic model. Our results show that LTE V2V outperforms DSRC for all scenarios. The DSRC transmit power was set to 20dBm.
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Figure 6: Urban 15 km/hr
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Figure 7: Urban 60 km/hr
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Figure 8: Freeway 70 km/hr
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