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Based on agreements in RAN1#85 and proposals from email discussion [85-09], details of sensing timeline design are discussed. 
Discussion on sensing timeline
Redefinition of time instance “n”
We discuss in this subsection proposals made in the WF [1]:
· Redefine ‘n’ as a time instance of the arrival to PDCP layer of the first packet after resource (re)-selection is triggered
· Time to make a resource reselection decision after initiation of resource (re)-selection is fixed
· FFS: How to support the time instance of resource (re)-selection if the UE has a packet(s) to transmit and reselection is triggered
The first proposal is to redefine the time instance “n”. Recall that the time instance n was previously defined as the time instance of the resource reselection trigger. Associated with n, the sensing window ([n-a, n-b)), time instance to transmit SA (n+c), the first TB (n+d), and subsequent TB(s) (n+e) are defined. 
As noted in [1], the time instances of reselection trigger do not necessarily coincide with those of packet arrival events, e.g., when the resource pool is reconfigured by the eNB. The intention to link time instance n with packet arrival is well motivated. The proposal in [1] is to link n with packet arrival at the PDCP layer, the notion of which becomes in appropriate if packet segmentation and concatenation is supported in RAN2. To be specific, if the tagged PDCP packet is segmented into different parts, maintaining the corresponding timing information for each specific segmented part becomes a challenging task. To this end, it is proposed to use TB arrival to tag packet arrivals. 
Proposal 1: Redefine n as the time instance of the arrival of the first TB after resource (re)-selection is triggered.
The second proposal is to limit the processing time of a UE to make resource reselection decision to a fixed time period. From our point of view, upper bounding a processing time limit does not seem necessary. This is different from an LTE system where the time relationship of “n+4” is defined, with considerations of 1ms ACK/NACK transmission time and 3ms processing time, where a common understanding of the timing relationship between eNB and UE is essential for Uu communications. However, for V2V communications over the sidelink, the processing time to make resource reselection decision is a UE implementation issue and does not seem well motivated to restrict to a fixed time period. 
Proposal 2: Upper bounding a processing time span to which all UE has to conform in making resource reselection decisions after initiation of resource (re)selection is not necessary. 
Proposals in [85-09] email discussions
In email discussion [85-09], several proposals were agreed as the baseline for further discussion. In what follows, we discuss these proposals point by point.
Point 1) On “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.”
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.
It is logical that the UE will skip sensing on subframes used for its own transmission and thus cannot obtain sensing information in these subframes directly. Nevertheless, UE can still retrieve sensing information indirectly. For example, when SA and data are transmitted in the same subframe, assuming that every data (re)transmission has an associated SA transmission, then, by successfully decoding one SA and the associated data, UE is able to retrieve the occupied time and frequency resources of the corresponding TB (re)transmissions. In our companion paper [2], we discuss further some principles in how to take this into account in the resource reselection procedure. 
Observation 1: UE can still retrieve sensing information indirectly from the subframes other than its own transmissions, which assist in resource (re)selection.
Point 2) On “FFS on the following: c>0 and c, d <=100”
Point 3) On “FFS how to further restrict the selection of c and d, e.g., to fulfill the latency requirement”
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.
From our understanding, the UE selection of the time instance to transmit SA (n+c) relies on the sensing result performed in the one-second sensing window. It is likely that in a congested scenario there is no available resource for a UE to transmit SA within the (n, n+cmin) time period. What is important is to ensure that the time instance to transmit data (n+d) is appropriately selected within the required latency bound. Thus, the motivation to introduce the parameter cmin is not clear from our perspective. 
Proposal 3: The parameter cmin is not introduced.
The other parameter in the proposal is the latency bound dmax. If one TB is to be (re)transmitted several times, which data (re)transmission does dmax bound needs clarification. For example, consider that UE1 decides to transmit one TB four times at time instances d1, d2, d3, and d4, respectively. Taking into account the latency requirement, it seems logical all four data (re)transmission need to occur within the tolerable latency bound, that is, di < dmax for all i=1,2,3,4. 
Determination of dmax reflects the targeted latency performance. Competitive latency performance can be expected if the last transmission of a TB is finished as early as possible, instead of spreading to the full latency. Selecting a smaller value of dmax also ensures that stringent latency requirement in the current release (i.e., 20ms of pre-crash sensing) can be met. 
Proposal 4: The latency bound of dmax applies to all TB (re)transmissions. The value of dmax is fixed as 20ms to ensure competitive latency performance.
In addition, due to latency considerations, the UE resource selection for a TB transmission does not need to be restricted to a common resource pool boundary defined in Rel-12 D2D, which is discussed in detail in our companion paper [3]. Under sensing operation, it is also reasonable for each UE to start its own scheduling period upon its packet arrivals. 
Proposal 5: For autonomous resource selection in mode 2, UE starts its own period when a TB arrives.
Point 4) On details of e; whether and how this value is explicitly signaled to the receiver UEs
Point 5) On details of e; the receiver UE assumption on the transmitter UE behavior in reusing the same resource.
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.
The fundamental design philosophy of sensing-based operation is that UEs occupy a set of periodically occurring transmission resources, the intention of which shall be detectable by other UEs in the resource reselection decision making process. We can also rely on the following agreements from RAN2#94:
For V2V WI and V2X, UE assistance at least on periodicity and/or timing can be provided to eNB.  UE assistance can be configured by eNB.  UL SPS configuration is decided by eNB.  Triggering of UE assistance can be discussed as part of stage 3 discussions.  
It is clear that the UE knows its traffic periodicity at the air interface level. It can be further reported to eNB to assist in configuring SPS resources for data transmission. In the recent concluded RAN2 email "discussion on Layer 2 open issues" [4], it was further discussed how the estimated periodicity and timing offsets in the UE report are calculated, where it was concluded that periodicity estimation can be achieved with UE implementation. Thus, taking RAN2 agreements into account, it is reasonable that UE can carry the estimated “traffic periodicity”, i.e., i, in the transmitted SA, which serves the purpose of reserving time/frequency resources for upcoming traffic arrivals, to be detected by other UEs. 
Proposal 6: The value of i is explicitly signaled by SA to indicate that time/frequency resources are reserved with a periodicity of i*P.
The next issue to address is the selection of a number J, which is meant to indicate the number of times UE reserves the same set of frequency resources for transmission. According to Annex H of the V2X TR that captures CAM traffic characteristics [5], when a CAM is triggered by one of the dynamics conditions, a second and third CAM will also be generated at the same intervals, unless subsequent dynamics lead to an even shorter interval. Considering that vehicle driving on the road accelerates/decelerates with equal 50/50 probability, then almost 50% of the vehicles shall have at least three packets arriving from higher layers within the same interval. Based on this observation, it is reasonable to reserve PSSCH resource for a number of times (e.g., three times) for UEs with short traffic periodicity (e.g., 100ms or 200ms in highway scenario). For UEs with longer traffic periodicity (e.g., packet coming longer than 500ms interval in typical urban case), reserving resources only for the next transmission is more effective in achieving higher system resource utilization. In addition, for UEs with traffic periodicity not being a multiple of 100ms, sensing with no resource reservation can be adopted.
In addition, we note that the current minimum resource reservation unit is P=100. This selection is reasonable to support the V2X services with latency requirement of 100ms, yet from our perspective, fixing the minimum resource reservation unit to 100ms loses system scalability to support V2X services with more stringent latency requirements. For example, 20ms latency in the scenario of pre-crash was explicitly mentioned in the SA TS 22.185 [6] below:
[R-5.2.1-002]	For particular usage (i.e., pre-crash sensing) only, the E-UTRA(N) should be capable of transferring messages between two UEs supporting V2V application with a maximum latency of 20ms.
Therefore, the minimum resource reservation unit should at least be configurable. This shall ensure that LTE-V will have the capability to support pre-crash scenario with 20ms latency, as well as some advanced eV2X services (e.g., 25ms for Phase-1 platooning [7]) in a forward-compatible manner. 
Proposal 7: P can be network configured or pre-configured.
Simulation results
System-level simulation results are presented in this subsection. Both highway and urban cases as agreed in [5] are simulated, where Option 2-1 and Option 3-2 are adopted. In addition to the four-small-one-big 100ms V2V traffic model, we strive to model more realistic CAM traffic [8], considering traffic periodicity variations as well as the presence of irregular traffic that are generated not as a multiple of 100ms, with more details given in Appendix A. Each TB is assumed to be retransmitted twice. For 190-byte and 300-byte message, 12 RB and 16 RB are simulated. The energy threshold for excluding SA decoded resources was set to -89dBm. The counter mechanism is implemented according to agreements in RAN1#85. The realistic CAM traffic model considers a mixture of the following:
· Regular traffic: UEs with traffic periodicities as a multiple of 100ms (e.g., 100ms, 300ms, etc.)
· Irregular traffic: UEs with traffic periodicities not as a multiple of 100ms (e.g., 145ms, 269ms, etc.)
To model periodicity change, it is considered UE varies its current periodicity with a probability of 15%, which roughly aligns with experimental evaluation of CAM generation rules according to [9]. In the event of traffic periodicity variation, the current periodicity increases or decreases (with equal probability) with a unit step of 20ms for irregular traffic and 100ms for regular traffic.
UE with regular traffic performs sensing and reserves resources periodically while UE with irregular traffic performs sensing and resource selection in one-shot manner (no reservation). Both counter and periodicity variation are considered as triggers for resource reselection. In the events of counter reduces to 0 and/or traffic periodicity change, resource reselection will be triggered. The PRR performances of highway and urban cases are shown below.
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Figure 1: System level PRR performance for highway 140km/h (left) and highway 70km/h (right)
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 Figure 2: System level PRR performance for urban 60km/h (left) and urban 15km/h (right)
For both highway and urban scenarios, four performance curves are drawn, respectively. They are:
· In black: the agreed 100ms traffic (four-small-one-big),
· In circle blue: a mixed traffic scenario with 10% irregular traffic and 90% regular traffic,
· In diamond red: a mixed traffic scenario with 50% irregular traffic and 50% regular traffic,
· In square green: a mixed traffic scenario with 90% irregular traffic and 10% regular traffic,
For irregular traffic, UE randomly draws its traffic periodicity from [100, 200] and [100, 1000] for highway and urban, respectively. For regular traffic, UE randomly draws its traffic periodicity from the discrete set {100, 200} and {100, 200, 300, …, 1000} for highway and urban, respectively.
We made the following observations:
· Sensing and reservation meets the target PRR performance for all the cases under 100ms traffic. 
· Triggering resource reselection under traffic periodicity change is an effective method in addressing traffic variations.
In particular for mixed traffic, we observe
· Sensing and reservation achieves the best PRR performance when the traffic is the most regular (90% in the simulated cases). 
· As the offered traffic becomes increasingly irregular, sensing and one-shot resource selection (no reservation) becomes dominant and affects the system performance substantially. 
· In urban scenario, the performance gap between the most regular and irregular cases are smaller compared with that of the highway scenario, mostly due to wireless channel conditions (NLOS vs. LOS).
· In most cases, the PRR performance of mixed traffic case is higher than that of the 100ms case, mostly probably due to lower traffic load.  
Finally, we made the following observation:
Observation 2: LTE-V2X system design with sensing and resource reservation is optimized to support regular V2X traffic. The mechanism itself maximally explores the unique synchronized nature of LTE system and its natural capability in supporting semi-persistent transmissions. In the scenario that certain amount of irregular traffic also exists, sensing and one-shot resource selection can be applied. 
[bookmark: _Ref129681832]Conclusion
In this paper, details of sensing timeline design were discussed. The following observations and proposals are made on resource selection:
Observation 1: UE can still retrieve sensing information indirectly from the subframes other than its own transmissions, which assist in resource (re)selection.
Observation 2: LTE-V2X system design with sensing and resource reservation is optimized to support regular V2X traffic. The mechanism itself maximally explores the unique synchronized nature of LTE system and its natural capability in supporting semi-persistent transmissions. In the scenario that certain amount of irregular traffic also exists, sensing and one-shot resource selection can be applied. 
Proposal 1: Redefine n as the time instance of the arrival of the first TB after resource (re)-selection is triggered.
Proposal 2: Upper bounding a processing time span to which all UE has to conform in making resource reselection decisions after initiation of resource (re)selection is not necessary. 
Proposal 3: The parameter cmin is not introduced.
Proposal 4: The latency bound of dmax applies to all TB (re)transmissions. The value of dmax is fixed as 20ms to ensure competitive latency performance.
Proposal 5: For autonomous resource selection in mode 2, UE starts its own period when a TB arrives.
In addition, we made the following observations and proposals on resource reservation.
Proposal 6: The value of i is explicitly signaled by SA to indicate that time/frequency resources are reserved with a periodicity of i*P.
Proposal 7: P can be network configured or pre-configured.
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Appendix A
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]CAM traffic model
In this subsection, we discuss CAM traffic modeling considering practical considerations. To facilitate discussion, we define two types of traffic:
· Regular traffic: UEs with traffic periodicities as a multiple of 100ms (e.g., 100ms, 300ms, etc.)
· Irregular traffic: UEs with traffic periodicities not as a multiple of 100ms (e.g., 145ms, 269ms, etc.)
A mixture of both regular traffic (percentage) and irregular traffic (percentage) is simulated. For regular traffic, 100ms and 200ms traffic periodicities are considered for highway with equal portion and all possible traffic periodicities (100ms, 200ms,…,1000ms) are considered for urban with equal portion. For UE having irregular traffic, the traffic periodicity is considered to be randomly drawn between [100ms, 200ms] for highway and between [100ms, 1000ms] for urban. To model traffic periodicity variations, a state machine is considered where UE keeps its current periodicity with probability p and transits to a larger/smaller periodicity with equal probability of (1-p) * 0.5. Detailed simulation settings are summarized in the following table:
Table 1 	Details of CAM traffic model
	Scenario
Configurations
	Freeway 
(70km/h and 140m/h)
	Urban
(60km/h and 15m/h)

	CAM Generation Periodicity (ms)
	Regular traffic: randomly drawn from {100, 200}
Irregular traffic: randomly drawn from [100, 200]
	Regular traffic: randomly drawn from {100,200,300,400,…,1000}
Irregular traffic: randomly drawn from [100, 1000]

	UE mixture
	Regular traffic: 
Irregular traffic: 1 - 

	Message size
	UE generates a 190-Byte message by default.
UE generates a 300-Byte message is if the time elapsed since the last generated 300-Byte message is equal or greater than 500ms. 

	Traffic periodicity transition state machine
	

Traffic periodicity state machine
Notation:
p: probability that UE keeps its current periodicity Tcurr.
(1-p)*0.5: probability that UE varies its traffic periodicity (equal probability of becoming larger and smaller) with unit step of ∆T
∆T : The unit step of traffic periodicity variations. For regular traffic, the value equals 100ms. 
Note:
If traffic periodicity becomes larger, UE generates packets with the original periodicity for three times before switching to the longer periodicity [8]. 
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