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1 Introduction

At the TSG RAN1 Meeting #84, the resource control and selection mechanism for V2V communication were discussed and the following agreements were made by RAN1 WG:

· Sensing with semi-persistent transmission is supported

· UE transmits PSSCH (when data is available) on a selected set of periodically occurring resources until a resource reselection occurs

· Other details are FFS

· Sets of resources among which a UE selects can be restricted based on the geo information of the UE

· Send LS to RAN2 asking them to enable mapping a set of locations to a set of resources
The following list of potential issues was discussed in order to support sensing operation for V2V communication and captured in chairmen notes:

· Issue 1: SA resource selection

· Sensing is used if SA and the associated data are transmitted in the same subframe

· FFS between random and sensing if not

· Issue 2: How can a UE obtain information for identification of the resources that will be occupied and/or collided by the other UEs?

· Based on energy sensing, SA decoding, data decoding, assistance from eNB, or a combination. 

· Issue 3: What does the UE do with this information?

· Based on energy sensing: 

· Option 1: Resources with relatively low energy can be selected. Resources with relatively high energy are not selected.

· Option 2: To select resources that lead to FDM with resources on which high energy is observed.

· Based on SA decoding: UE avoids resources indicated by the decoded SA.
· Issue 4: Reselection
· Reselection may be triggered if UE recognizes a problem in its resource selection. FFS the definition of this problem (e.g., resource collision).

· Reselection may be triggered periodically, randomly, or in a combination of the two.

· Reselection may be triggered by eNB instruction or geo-information.

· Reselection may be triggered if traffic characteristics is changed.

· Issue 5: Signaling to aid sensing

· E.g., reservation

· Issue 6: Priority

· Issue 7: Coexistence of mode 1 and 2

· Issue 8: How to determine the amount of resources to use

In this contribution, we discuss multiple aspects of sensing based operation for PC5 V2V communication including control and data resource selection and reselection principles. Our views on other PC5 V2V communication aspects are provided in our companion contributions [2]-[11].
2 Sensing Based Collision Avoidance
The main design principles and challenges of sensing based operation for V2V communication were discussed in [1]. In this contribution, we analyze the following PC5 sensing options.
2.1 PC5 Sensing Options

The following PC5 based sensing options are analyzed in this contribution for PC5 V2V communication.
Option 1: Sensing based on SCI decoding (payload processing)
· Each UE decodes SCI and selects shared channel resources taking into account the amount of transmitters occupying given resource. According to this procedure, the less congested resources are selected first.

Option 2: Sensing based on SCI decoding (payload processing) with SCI power measurements
· Each UE decodes SCI, measures SCI power and constructs the resource congestion map for shared channel. The resource congestion map is used to determine the resources available for selection. In this case, a UE has information about occupied resources and estimated received power measurements on these resources.
Option 3: Sensing based on SCI decoding (payload processing) with SCI power measurements and IBE emulation
· This option is based on option 2, with additional emulation of IBE effect for construction of the resource congestion map for shared channel resources.
Option 4: Sensing based on shared channel received power measurements
· In this option, UE performs received power measurements over shared channel resources and constructs resource congestion map. In this case, only information about received power level is used to select resource.
On the determination of candidate resource selection set
For all considered PC5 sensing options (i.e. 1, 2, 3, 4), in each subframe of relevant shared channel, UE identifies the “best” frequency resource according to the predetermined metric and subframes are sorted according to the metric. For PC5 sensing options 2-4, the received power estimate is used as a metric, while for option 1, the metric is represented by the min number of transmitters occupying the resource. Each UE randomly selects among M available subframes of candidate resource set, where M is determined as M = max (MMIN; MTHR). Here, MMIN is the minimum size of the candidate resources set (e.g. MMIN = 8); MTHR is the number of resources in resource congestion map that are equal or below the predetermined value of the resource congestion map threshold QMIN (where QMIN is a received power threshold in case of PC5 sensing options 2-4, and number of detected transmitters per resource in case of option 1 (e.g. 0 transmitters). The UE randomizes its resource selection in the selected candidate set of resources.
Threshold setting considerations
It should be noticed that threshold settings for Option 3 and Option 4 may be significantly different. In particular, given that Option 3 can also differentiate the IBE effect from distant transmitters, the thresholds even below noise level can be considered to identify non-occupied frequency resources. For Option 4, the threshold should be always above the noise level, given that received power measurements include noise, useful received signal and its in-band emission. Therefore Option 3 by definition has more potential in terms of more intelligent resources selection while keeping similar level of implementation complexity.
Dual threshold operation
From system perspective it may be advantageous to transmit in high energy subframes on the non-occupied frequency resources in order to reduce the near far and in-band emission problem for receivers. In this case, dual thresholds solution can be used. The first threshold is used to identify low energy resources (“empty resources”) as described above, while the second threshold is used to identify high energy subframes and “empty resources” within high energy subframes. In this case, the priority of resource selection may be given to high energy subframes with empty resources.
2.2 Resource Allocation Configurations

In terms of resource allocation aspects, the collision avoidance scheme may be applied for any of the resource allocation principles discussed in [2]. In this contribution, we analyze, two of them:
· TDM of PSCCH/PSSCH (TDM). This option assumes legacy operation implying TDM between PSCCH and PSSCH transmission/reception. In this case, there is no impact between control and data transmissions. The collision avoidance scheme for shared channel can utilize information from preceding PSCCH transmissions.
· FDM of PSCCH/PSSCH from single UE perspective (SSF). 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.
2.3 Collision Avoidance Scheme
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 [3].
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 estimate 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 taking by utilizing information from all preceding transmission from other UEs.
a. Notes: assuming ideal PSCCH decoding within communication range and 500 ms SPS period, UE may have different level of awareness (during reselection) about resources occupied by other terminals for upcoming 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 constructed for last packet transmission segment of the preceding SPS period, a can UE selects the best transmission resource with the minimum congestion metric. In order to randomize the hidden node problem, the transmission resource is randomly selected from M resources having the best metrics.
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.
2.4 Mobility and Set of UEs Reselecting Resources
In described above collision avoidance scheme there are two main aspects that require careful considerations. The first aspect is vehicle mobility that limits the duration of the semi-persistent resource allocation. Our analysis in Figure 2 shows that sensing performance is rather sensitive to the UE mobility and therefore the large value of semi-persistent allocation leads to degraded PRR performance (see the results of system level analysis with and without mobility modeling for 500 and 2500 ms semi-persistent allocations).
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Figure 2: Impact of mobility on sensing performance

Another tradeoff is the proportion of UEs that reselect resources at the same time, since their transmission decisions may not be known. For SPS reselection period of 500ms and traffic period of 100ms, about 20% of UEs reselect resources during 100ms interval (UE randomization set). The percentage of UEs reselecting resources at the same time interval negatively affects V2V sensing performance and thus it is desirable to minimize it. One of the possible ways to reduce the number of UEs simultaneously reselecting resources is to increase SPS resource allocation period, however as it was shown in Figure 2, the mobility aspect does not allow to do it. Another approach to reduce amount of UEs reselecting resources is to reduce access time to resources. For instance, in case of PSCCH/PSSCH resource pool composed from 10/40 SFs the granularity of access to resources is 50ms. In case if one PSCCH subframe is available every 5ms the access to resources can be reduced and therefore a UE will be able to collect information about increased number of transmitters and take their transmissions into account during the sensing procedure. It will reduce the amount of UEs simultaneously reselecting resources and thus improve gain from sensing procedure. Therefore, in the next sub-sections we consider the PSCCH and PSSCH resource configuration (1 SF PSCCH / 4 PSSCH) where one PSCCH resource repeats every 5 consecutive subframes and UE specific transmission interval spans 50ms.
Observation 1
· Vehicle mobility degrades performance of sensing algorithms if large SPS period is utilized.

· The reselection period of about 500ms is a reasonable design choice in terms of mobility aspect.

· The percentage of UEs performing reselection at the same time negatively affects performance of sensing schemes.
· There is a tradeoff between percentage of UEs reselecting resources and SPS period used for transmission.

· The amount of UEs simultaneously reselecting resources can be decreased if access time to PSCCH resources is reduced (e.g. UE specific transmission intervals are supported).
Proposal 1
· The limited set of SPS period values is used for PC5 V2V communication (e.g. in the range 400 - 1200 ms).
3 System Level Performance Analysis
In this section, the performance of different sensing options is analyzed and compared to the random resource selection assuming the same resource pool configuration and allocation for fair comparison. For all schemes, 10 PRBs are allocated for transmission and 500ms SPS configuration is applied. The single TTI is used for transmission given that sensing aims to select the best resource and the increased amount of TTIs may lead to higher loading on resources. The detailed evaluation assumptions can be found in Appendix A.
The following resource pool configurations were analyzed:

· TDM { PSCCH 1 SF/50 PRBs, 4 SFs / 50 PRBs PSSCH}, PSCCH/PSSCH UE specific transmission cycle over 50 ms;
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Figure 3. TDM of PSCCH/PSSCH resource pool.

· FDM-SSF (non-adjacent) {10 PRBs for PSCCH and 40 PRBs for PSSCH}, PSSCH UE specific transmission cycle 50 ms.
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Figure 4. FDM-SSF resource pool configuration.

The performance of the described sensing schemes is shown in Figure 5 for the case of TDM resource pool configuration. The similar results and observations were obtained for FDM-SSF resource allocation option (see Appendix B). Note that in both cases, the optimized threshold settings were used for each of the presented sensing options.
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Figure 5. Performance analysis of different PC5 sensing options.
Based on the results shown in Figure 5, we draw the following observations:
Observation 2
· Sensing options based on PSCCH decoding show better performance comparing to the PSSCH energy sensing.

· Sensing based on PSCCH decoding can be used to derive information about occupied resources and take into account IBE and power on PSSCH resources.

· Among all considered sensing options, the Option 3 provides the best average PRR performance.
The performance of sensing schemes may depend on proper threshold selection to determine the candidate set of resources where UE randomizes its transmission. The threshold settings may be optimized for given scenario and depend on the congestion level. The intelligent selection of thresholds to decide on candidate resource set for selection may provide performance improvements but may require additional standardization efforts, given that each UE should follow the same principle and settings for resource selection.
Dual threshold approach
In the next set of figures, we analyze benefits of dual threshold for resource selection where subframes exposing higher energy are prioritized for selection if there are non-occupied “empty” resources detected. This algorithm helps to decrease near-far impact at the expense of half-duplex issue for nearby nodes and degrades average PRR for short distances. This approach requires utilization of SCI payload information given that it is important to detect non-occupied resources under IBE from high energy transmitter (nearby located node) in the same subframe.
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Figure 6. Performance analysis of PC5 sensing algorithm based on dual threshold approach.
Our system level evaluation results for dual threshold technique are shown in Figure 6 and lead to the following observations:

Observation 3
· Dual threshold approach helps to improve sensing performance by reducing impact of near-far problem at large distances, however it also leads to the degraded performance for short range due to potential half-duplex issue.
· For dual threshold approach it is important to detect non-occupied resources inside high energy subframes. The PSCCH decoding can serve this purpose.
· The dual threshold approach may be used as an alternative option to reduce near-far (IBE) problem in case if geo-information for resource selection is not available [4].
· The need to take into account near-far (IBE) and half-duplex problem is due to the fact of FDMed transmissions from system perspective.

· In case of TDM centric design, the sensing complexity may be reduced since part of the problems (near-far, IBE, half-duplex) will naturally disappear and all sensing options may converge to selection of subframe with minimum received power.
The TDM centric design can be enabled by adjusting LTE numerology and utilizing increased subcarrier spacing (e.g. 60 kHz) resulting in the reduced time transmission interval (e.g. 0.25 ms TTI). The performance evaluation of this scheme is presented in Appendix C. For additional motivation and details please refer to [5]. 
Based on the presented results of system level analysis we have following proposals:

Proposal 2
· The collision avoidance is based on PSCCH decoding.
· The PSCCH decoding is used to determine the set of resources occupied by other UEs.
· Further study benefits of using PSCCH received power measurement and utilization of various thresholds to determine the candidate set of resources, where UE can randomize its transmission.

· The resource re-selection interval is upper bounded to avoid performance loss due to mobility aspects. The limited set of SPS period values is supported (e.g. in the range from 400 - 1200 ms).
· The resource reselection triggers are based on timer (e.g. SPS allocation time), geo-location and traffic.
4 Conclusions
In this contribution, we analyzed different design options of sensing based collision avoidance scheme for autonomous resource selection to enable PC5 V2V communication. Our analysis shows that utilization of PSCCH detection provides improved PRR performance. As a summary of our analysis, we provide our views on the list of V2V PC5 sensing issues discussed at the previous RAN1 WG meeting:
· Issue 1: SA(SCI) resource selection

· The random selection of SA resource is sufficient since the SA performance is not a limiting factor especially if semi-persistent resource allocation is used that reduces loading on SA resources. This aspect further discussed in our companion contribution [3].
· Issue 2: How can a UE obtain information for identification of the resources that will be occupied and/or collided by the other UEs?
· The general principle should be decoding of PSCCH channel to determine the set of occupied resources. Additional measurements over PSCCH can be utilized to determine the subset of resources available for selection.
· Issue 3: What does the UE do with this information?

· UE determines the subset of available resources that it can use for (re-)selection. UE randomly selects the resources from the determined set of candidate resources.
· Issue 4: Reselection
· Reselection may be triggered by timer, geo-location and traffic.

· Issue 5: Signaling to aid sensing

· The UE signaling of SPS information needs to be supported so that other UEs can utilize this information for sensing and resource selection
· Issue 6: Priority
· If priority support is required for V2V communication, then signaling of priority information may be enabled, so that UEs with lower priority do not occupy resources of higher priority UEs. This information can be used in combination with signaling of semi-persistent resource allocation.
· Issue 7: Coexistence of mode 1 and 2
· UE does not need to solve potential issues of mode 1 and mode 2 coexistence. If there is any issue it should be addressed by eNB.
· Issue 8: How to determine the amount of resources to use

· RAN1 needs to further discuss how UE determines the amount of resources it can utilize for transmission. In order to simplify sensing operation, the coarse granularity of frequency resource allocation can be considered.
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6 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

Urban:

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

Dense: average inter-vehicular distance = 2.5 sec · absolute vehicle speed 15 km/h

	Channel model
	According to the agreed evaluation methodology in [12]

	Traffic model
	Periodic traffic model according to [12] with randomized initial arrival time

· 190 bytes every 100 ms (four consecutive packets)

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

	Bandwidth
	TDM: 10 MHz / 50 PRBs for PSCCH and PSSCH
SSF: 10 MHz / 10 PRBs for PSCCH and 40 PRBs for PSSCH

	Resource selection 
	Single threshold

Sensing options with single threshold:

Option 1 - M = max (MMIN; MTHR); MMIN = 8, QMIN is not used

Option 2 - M = max (MMIN; MTHR); MMIN = 8, QMIN is not used

Option 3 - M = max (MMIN; MTHR); MMIN = 8, QMIN = -30 dBm/PRB

Option 4 - M = max (MMIN; MTHR); MMIN = 8, QMIN = 8 dBm/PRB

	Modulation and Transport Block Size
	· Packet size - 190 bytes

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

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

· Packet size - 300 bytes

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


7 Appendix B: System Level Analysis for FDM-SSF pool
In this section, we provide system level evaluation results for FDM-SSF (non-adjacent) resource allocation option: {10 PRBs for PSCCH and 40 PRBs for PSSCH}, PSSCH UE specific transmission cycle 50 ms. Note that we have not included additional MPR backoff, that may be needed for transmission in the same subframe from UE perspective.
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Figure 7. FDM-SSF resource pool configuration.
On figures below sensing performance for FDM same subframe (non-adjacent) pool is presented:
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	Freeway 70 km/h, 1tti, single threshold approach
	Freeway 70 km/h, 1tti, dual threshold approach
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	Figure 8: V2V performance of sensing for and FDM SSF (non-adjacent) pools


8 Appendix C: Analysis for Different Numerologies
In this section, we provide system level analysis of sensing scheme based on PDCCH decoding (see description of Option 3) for different LTE PC5 numerologies including:

· 15 kHz subcarrier spacing with 1ms TTI;

· 30 kHz subcarrier spacing with 0.5ms TTI;

· 60 kHz subcarrier spacing with 0.25ms TTI.

The results of system level analysis are presented in Figure 9 showing better performance for the case of increased subcarrier spacing options as was also noticed in [5]
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Figure 9: V2V sensing system performance for new numerology, TDM pool
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