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1 Introduction

At the TSG RAN1 Meeting #83, the resource control and selection mechanism for V2V communication were discussed and the following observations were made by RAN1 WG and captured in the TR:
· For enhancement to UE autonomous resource selection, collision avoidance based on sensing (P1), enhanced random resource selection (P2), and location-based resource selection (P3) are shown to provide gain when each of them is evaluated individually.

· Further discussion is needed to identify whether operating a combination of the principles provides more gain than operating an individual principle.

· It is understood that a combination of P1 and P2 is possible at least in the following example:

· In resource selection, a UE by sensing excludes the resources that will be occupied by other UEs, and the enhanced random selection applies to the remaining resources.

· It is understood that a combination of P1 and P3 is possible at least in the following example:

· Subsets of resources are associated with sets of UE location, and a UE performs P1 in the subset which is associated with its current location.

· It is understood that a combination of P2 and P3 is possible at least in the following example:

· Subsets of resources are associated with sets of UE location, and a UE performs P2 in the subset which is associated with its current location.

· Details FFS

In this contribution, we discuss collision avoidance techniques based on sensing and analyze their performance. Our views on other resource control and selection mechanism are provided in our companion contributions [5]-[9]. 
2 Sensing Based Collision Avoidance
The sensing based collision avoidance (CA) schemes can be implemented in multiple ways. There are several principles that can be utilized for design of collision avoidance scheme using LTE PC5 air-interface:
· Design principle 1: Utilize SCI information of the PSCCH channel (scheduling assignment) in order to detect which time-frequency resources of the PSSCH (shared/data channel) are occupied.

· Design principle 2: Estimate the congestion level of allocated time-frequency resources (used for data/control transmission) and use it for decision on resource selection. According to this principle the measurement can be made over PSCCH and extrapolated to PSSCH or directly conducted over PSSCH channel.
Necessary conditions
In order for the collision avoidance schemes to work efficiently the several conditions should be met:

· Condition 1: Slow variation of channel propagation conditions and interference environment. The sensing procedure should be able to accurately predict the propagation environment during the actual transmission. The semi-persistent allocation principle may be beneficial to reduce dynamic variation of interference environment.
· Condition 2: Low to medium system loading should be preserved for the sensing based collision avoidance to be effective. In opposite case, the collision cannot be properly handled and overall system performance may be non-satisfactory. However, the usage of sensing based collision avoidance should not lead to performance worse than pure random resource allocation.
· Condition 3: The sensing range should be larger than the target communication range in order to be able to reduce the impact on the receivers inside the target communication range.
Technical challenges

The following technical challenges should be effectively addressed in sensing based collision avoidance schemes:

· Mobility. The vehicle mobility may lead to dynamic change of interference and channel propagation environment. It may results in outdated sensing based measurements and decisions at the time intervals of actual transmission.
· Hidden node. This is a fundamental problem which is not easy to address in broadcast environment. The distant transmitters (which are out of communication range) may select the same resources and create interference to the receivers which are within communication range of each transmitter.
· In-band emission and half-duplex. The in-band emission and half-duplex problems are additional challenges caused by limited number of orthogonal time resources.
· Latency. The packet delivery latency should be satisfied which forces UE to transmit packet within 100 ms period of time or drop the packet (fail to deliver).
Two different resource allocation approaches
In terms of resource allocation aspects, the collision avoidance scheme may be applied for any of the two resource allocation principles discussed in [5]:
· Different subframes for PSCCH and PSSCH (TDM-CD). This option assumes legacy operation implying TDM between PSCCH and PSSCH transmission/reception. In this case, the collision avoidance may be done for data only. For control, the collision avoidance may not be possible.
· Same subframe PSCCH + PSSCH (SSF-CD). This option implies that PSCCH transmission is accompanied by PSSCH in the same subframe. In this case, certain collision resolution of SCI may be naturally supported by resolving collisions on PSSCH.
2.1 Collision Avoidance Scheme
Taking into account the identified design principles, necessary conditions and technical challenges, an approach of sensing based collision avoidance is described in this section. In order to keep the interference environment predictable over certain period of time, the semi-persistent scheduling approach is used to schedule multiple PSSCH transmission for several SCI periods [5].
The following collision avoidance scheme is analyzed (for a more detailed description please refer to Appendix B):
1. PSCCH transmission allocates resources over SPS period (e.g. TSPS = 500 ms). 
2. Each UE performs resource reselection process every SPS period by monitoring PSCCH transmission within SPS period. A UE decodes all possible SCIs to extract information about occupied resources and received power on PSSCH resources from a particular UE. Using this information, the UE constructs RX power map (i.e. Congestion Map).
3. The congestion map may be constructed for data transmission interval of each packet transmission segment within SPS period (characterizing RX power of each PSSCH time-frequency resource) or only for the last packet transmission segment of the preceding SPS period.
a. Notes assuming ideal PSCCH decoding within communication range and 500 ms SPS period UE may have different level of awareness about resources occupied at different packet transmission segments:

i. For the first packet transmission segment, scheduling information for about ~80% of transmitters within communication range is available.

ii. For the 2nd packet transmission segment, scheduling information for about ~60% of transmitters within communication range is available.

iii. For the last packet transmission segment, there is no scheduling information from other transmitters => only randomization may be applied.
4. Using the congestion map, a UE selects the best transmission hypothesis (frequency resource and T-RPT) with the minimum congestion metric. In order to randomize the hidden node problem, the transmission resource is randomly selected from M best hypotheses.
5. UE transmit at selected candidate resources over the next SPS period on each packet transmission segment till the next resource reselection period (SPS cycle).
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Figure 1. Sensing-based collision avoidance principle.
In the next section, the performance of the scheme is analyzed comparing to the random baseline with SPS assuming different resource allocation approaches.
3 System Level Performance Analysis
In this section, performance of the identified collision avoidance schemes is compared to the random resource selection assuming the same resource pool configuration, same SPS configuration of 500 ms and identical transmission parameters. The detailed evaluation assumptions can be found in Appendix A.
Given that periodicity of V2V packet arrival and transmission latency requirement are equal to 100 ms, it is convenient to adjust the resource allocation so that access to control resources and transmission of the V2V packet is within 100 ms interval. Therefore, the following resource pool configuration is taken for collision avoidance studies:
· TDM-CD: {10C + 40D, TC = 50, TD = 50} – The SCI period is aligned with 50 ms. V2V packet is transmitted over 40 ms within SCI period. Single pool can be used. Ten PSCCH subframes per resource pool.
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Figure 2. TDM-CD resource pool configuration.

· SSF-CD: {50CD, TCD = 50} – The transmission period is aligned with 50 ms. PSCCH resources are multiplexed into each 10-th PRB within allocated bandwidth. Next 9 PRBs are allocated for corresponding PSSCH transmission.
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Figure 3. SSF-CD resource pool configuration.

First, the performance of the sensing based collision avoidance is compared to the random selection assuming two different resource allocation approaches: TDM-CD and SSF-CD. For all schemes, 10 PRBs are allocated for transmission, 500 ms SPS period is configured, 4 TTIs per transport block are blindly transmitted. The performance of the described schemes is shown in Figure 4.
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Figure 4. Performance of sensing based collision avoidance.
Observation 1
· Sensing-based collision avoidance provides some performance improvement over the random resource selection for both considered resource allocation options, at the expense of higher UE implementation complexity.
· The sensing gains are reduced for more dense scenarios and more noticeable in low system loading.
In order to analyze impact of the number of repetitions on collision avoidance performance, the described above collision avoidance scheme is considered and modeled in different V2V deployment scenarios. The results are shown in Figure 5.
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Figure 5. Impact of number of retransmission on sensing based collision avoidance performance.
Observation 2
· In Freeway scenarios, in case of TDM-CD, the 1 TTI allocation provides similar or slightly better performance as 4 TTIs (the effects of more efficient resource utilization and randomization compete with each other).
· The SSF-CD performance in case of 1 TTI is lower comparing TDM-CD, which may be explained by a larger sensitivity to SCI reception, that may adversely affect resource selection due to reduced SCI communication range in case of SSF-CD allocation.
· In the evaluated sparse Urban scenario, the 1 TTI transmission performance is limited by link budget and 4 TTIs show slightly better performance.
The performance of the sensing-based collision avoidance is also compared to the geo-based collision avoidance for the Freeway scenario described in our companion contribution [6]. The performance is shown in Figure 6.
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Figure 6. Comparison of sensing-based collision avoidance with geo-based transmission.

Observation 3
· In the Freeway scenario, the geo-based collision avoidance provides better performance than the sensing-based and random transmission schemes with much lower device complexity from the physical layer perspective.
4 On Support of Sensing-based Collision Avoidance
According to the simulation analysis above, introduction of the sensing-based collision avoidance may provide some system level performance improvement, if SPS transmissions and sensing based schemes are utilized. However, the amount of implementation and specification efforts to introduce the sensing based collision avoidance may not justify the observed performance improvement and include:
· The details of resource selection and reselection procedures need to be specified and related parameters should be configured by eNB for V2V UEs.

· The additional measurement procedures and associated requirements, to determine the congested resources and rules for their selection needs to be standardized e.g. based on PSCCH processing, power measurements. etc.
· The SPS transmissions should be enabled and the details of resource selection and reselection procedures need to be specified and their parameters should be configured by eNB for V2V UEs. This may be done by common RRC signaling. The details of SPS support may be found in our companion contribution [5].
· Modification of SCI control signaling to indicate the exact set of resources used for MAC PDU transmissions. The start index and the number of transport blocks may be signaled in this case as discussed in [5].
All these aspects require further careful consideration and analysis and therefore our proposal is to enable first the enhancements that may provide similar gains at the reduced complexity in terms of L1 processing such as those that may benefit the implementation of geo-based and randomization transmission schemes while the sophisticated sensing-based collision avoidance needs to be further considered.
Proposal 1
· Prioritize the work on enhanced random resource selection (P2), and location-based resource selection (P3)
5 Conclusions
In this contribution, we analyzed performance of sensing based collision avoidance scheme for autonomous resource selection to enable PC5 V2V communication. Our analysis shows that it may be possible to utilize semi-persistent resource allocation principles in order to improve V2V communication performance based on the processing of PSCCH channel and analysis of the congestion level of occupied resources comparing to the random resource selection. On the other hand the observed performance gain may not justify the additional implementation complexity and specification efforts. Moreover, we observed that geo-based transmission schemes based on spatial reuse and coarse knowledge of location information in combination with randomization techniques show even better performance comparing to the considered sensing based collision avoidance scheme. Therefore our proposal would be to prioritize the work on enhanced random resource selection (P2), and location-based resource selection (P3), while further explore simplified sensing based schemes for resource selection possibly in combination with other autonomous resource selection techniques.
Proposal

· Prioritize the work on enhanced random resource selection (P2), and location-based resource selection (P3)
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7 Appendix A: Summary of Evaluation Assumptions
In this section, we provide summary of system level simulation assumptions used for V2V evaluation in this contribution.

Table 1: Summary of system level evaluation assumptions
	Parameter
	Value

	Deployment Scenarios
	Freeway road:

Dense: average inter-vehicular distance = 2.5 sec · absolute vehicle speed 70 km/h

Sparse: average inter-vehicular distance = 2.5 sec · absolute vehicle speed 140 km/h

Urban:

Sparse: average inter-vehicular distance = 2.5 sec · absolute vehicle speed 60 km/h

	Channel model
	According to the agreed evaluation methodology in [2]

	Traffic model
	Periodic traffic model according to [2] with randomized initial arrival time

· 190 bytes every 100 ms (four consecutive packets)

· 300 bytes every 500 ms (every 5th packet)

	Bandwidth
	10 MHz / 50 PRBs for PSCCH and PSSCH

	Modulation and Transport Block Size


	· Packet size - 190 bytes

· TDM-CD: 10 PRBs (code rate ~ 0.8 per TTI), TBS 1544, MCS 9

· SSF-CD: 9 PRBs (code rate ~ 0.89 per TTI), TBS 1544, MCS 10

· Packet size - 300 bytes

· TDM-CD: 10 PRBs (code rate ~ 0.66 per TTI) , TBS 2536, MCS 14

· SSF-CD: 9 PRBs (code rate ~ 0.75 per TTI), TBS 2600, MCS 15

	Evaluation modes
	Co-channel interference + in-band emission + half-duplex are taken into account

PSCCH & PSSCH

	Number of TTI per PDU
	4 (baseline), 1 TTIs

	# DMRSs per subframe
	15 kHz (1ms TTI): 4 DMRSs (for improved demodulation)

	Frequency hopping
	Enabled


8 Appendix B: Description of Collision Avoidance Scheme
The following collision avoidance scheme is analyzed:
1. PSCCH transmission allocates resources over SPS period (e.g. TSPS = 500 ms). 

2. Each UE performs resource reselection process every SPS period by monitoring PSCCH transmission within SPS period including following steps:
a. PSCCH decoding is used to extract information about occupied PSSCH resources for the next re-selection (SPS) period. Note, that it is assumed that SCI provides exact time-frequency resources used for MAC PDU transmission over SPS period.
b. PSCCH RX Power Measurement (if PSCCH is decoded) is used to construct RX Power Map (Congestion Map) for all PSSCH time-frequency resources for the next re-selection (SPS) period. The UE may also take into account an assumption on in-band emission noise floor injected to unoccupied resource blocks of potential PSSCH transmission.
c. PSCCH resources failed to be decoded are not taken into account for RX Power Map (Congestion Map) construction.
d. Note: Instead of PSCCH decoding, the PSSCH region may be used to construct Congestion Map.

3. The SPS period is divided into the packet transmission segments (TPTS = 100 ms). In case of TDM-CD, each packet transmission segment is divided into a control transmission interval (IC) and a data transmission interval (ID). In case of SSF-CD, these intervals are equal and overlap.
4. The RX Power Map is constructed for data transmission interval of each packet transmission segment within SPS period (characterizing RX power of each PSSCH time-frequency resource).

a. Notes assuming ideal PSCCH decoding within communication range and 500 ms SPS period:

i. For the first packet transmission segment, scheduling information for about ~80% of transmitters within communication range is available.

ii. For the 2nd packet transmission segment, scheduling information for about ~60% of transmitters within communication range is available.

iii. For the last packet transmission segment, there is no scheduling information => randomization should be applied.
5. Resource selection within data transmission interval:

a. Form multiple transmission hypotheses using all possible combinations of frequency resource (frequency hopping pattern), T-RPTs and time offsets multiple of number of ND-TTI, where ND-TTI is the number of consecutive TTIs within T-RPT used for one MAC PDU transmission.
b. For each hypothesis calculate metric based on received power in the congestion map. In case of one TTI transport block transmission, this is simply the received power. For more than one TTI per transport block, the inverse of the sum of the inverse received powers on each TTIs is used (e.g. 1/P = 1/P1 + 1/P2).

c. In order to randomize the hidden node problem, the transmission resource is randomly selected from M best hypothesis.

6. Resource (re)selection rule:

a. Transmit at selected candidate resources over the next SPS period till the next resource reselection period.
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