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Introduction
In this contribution we discuss the details of sensing with semi-persistent scheduling for V2V communication using side-link, including: sensing based on SA decoding and energy measurement. Then we provide relevant system level simulation results to evaluate different sensing options in different deployment scenarios.
Sensing with semi-persistent transmission  
Sensing based on SA decoding
Multiple transmissions of PSSCHs for the same TB are necessary to combat half-duplex limitation, collision and in-band emission interference. Similarly, multiple transmissions of SAs are also beneficial for SA reception. It’s possible that only some SAs are decoded at a UE, which shouldn’t affect scheduling. Hence to aid sensing based on SA decoding, a SA should contain resource indication for all associated data channels for the same TB. 
The resource indication can be explicit or implicit. For explicit resource indication, a SA needs to indicate time and frequency locations of all associated data channels for the same TB, which could cause significant SA signaling overhead. On the contrary, for implicit resource indication, a SA can use an index to predefined time domain patterns, as explained in detail in a companion contribution [1].
Proposal 1: For sensing based on SA decoding, a SA should contain resource indication for all associated data channels for the same TB.
Since in a typical V2V application a UE has to always decode the SA (control) messages from all other UEs, reading other UEs’ SA messages before the transmissions can be naturally exploited as a mean to discover the resources used by other devices. As the SA messages are also equipped with error detection this is a reliable way to “sense” the resources.
Based on SA decoding results, a UE can select data channel resources with the least number of transmitters which already occupy given resources. Always selecting the best data channel resource would increase the collisions between UEs close to each other because those UEs would likely see the same channel being the best one. Instead, a UE should select data channel resources from a candidate resource set. In detail, for a scheduling period, e.g. 100ms (100 sub-frames), a UE finds the data channel with the least number of transmitters for each sub-frame, and then ranks 100 sub-frames according to the least transmitter numbers in each sub-frame. The best N sub-frames (e.g.10 sub-frames) construct a candidate resource set. The UE randomly selects transmission sub-frames from the candidate resource set and uses the frequency resources with the least transmitter number in these sub-frames.  
In addition, received energy levels from transmitters can be used for determining the resources where to transmit. With received energy information from each transmitter and SA decoding results, a UE can estimate interference levels (co-channel interference plus in-band emission interference) in data channel resources and select the least congested data channel for transmission. Similarly, instead of using the best data channel resources, a UE selects data channel resources from a candidate resource set. The metric for constructing the set is the minimal interference level. 
With received energy information, a UE can also employ FDM scheduling principle for resource selection to further improve system level performance specifically when device density is high. Nearby devices are co-scheduled for transmission in the same time resources to accommodate more devices. In the meantime, mutual interference due to in-band emissions from transmissions by nearby devices is mitigated.
It would be convenient if received energy information from a transmitter could be estimated based on a SA channel. Such an estimation should be taken into account in DMRS design for V2V communication. In Rel12 D2D, only single DMRS sequence is available, and then it is impossible to separate DMRS signal power of a decoded SA from the power of interfering SA transmissions. The estimation would be more reliable if multiple DMRS sequences were available for SA channels in V2V communication. 
Observation 1: Methods to estimate received energy from a transmitter are worth further discussion. 
For a UE to perform resource selection/reselection, sensing duration can be as long as the longest V2V traffic period, i.e. 1s. A UE can continue tracking resource situation by keep decoding SAs. 
Sensing based on energy measurement
For sensing based on energy measurement, a UE estimates interference levels by performing energy measurement on data channel resources directly. The measured energy is the composite of signal energy, co-channel interference and in-band emission interference. The UE selects the least congested data channel for transmission. Similarly, instead of using the best data channel resources, the UE selects data channel resources from a candidate resource set. The metric for constructing the set is the minimal interference level. 
When performing energy measurement, a UE needs to stop transmission in a scheduling period due to half duplex constraint. It has been agreed that multiple periodicities are supported for V2V communication. Sensing based on energy measurement can’t adapt to multiple periodicities easily. In addition, sensing based on energy measurement can’t respond quickly to changing resource situation when UEs perform resource reselection. On the contrary, sensing based on SA decoding doesn’t have these limitations because a UE only needs to keep decoding SAs and record SA information for long enough sensing duration.  
Observation 2: Compared with sensing based on SA, sensing based on energy measurement has some limitations due to multiple periodicities and resource reselections of V2V traffic.  
Resource reselection
For semi-persistent scheduling based on sensing, after selecting a resource as a result of the sensing phase, the resource allocation is maintained in future scheduling periods as long as no problem is detected. Resource reselection is necessary due to multiple factors, such as vehicle mobility and changing service requirements etc. 
When multiple UEs simultaneously perform resource reselection, there may be potential collisions since these UEs don’t know each other’s decisions. Hence, to improve system performance, we need to limit the number of UEs performing resource reselection at the same time. It’s achievable for sensing based on SA decoding. When scheduling period is made UE specific, a UE can quickly capture changing resource situation by keep decoding SAs. However, the mechanism can’t be applied to sensing based on energy measurement.      
Observation 3: For resource reselection, we need to limit the number of UEs performing this operation simultaneously.  
System level performance evaluation  
We performed system level simulations to evaluate the performance for sensing based resource selection/reselection. The system level simulator is compliant with the evaluation methodology agreed in RAN1 and summarized in [2]. The scheduling schemes simulated include random scheduling, scheduling based on SA decoding, scheduling based on SA decoding with interference emulation, and scheduling based on energy measurement. For SA decoding with interference emulation, a UE estimates interference levels (co-channel interference plus in-band emission interference according to IBE model) in data channel resources based on resource usage information from decoded SAs and received energy information from each transmitter. For scheduling, a UE selects data channel resources from a candidate resource set according to either the least transmitter number or the least congested channel. 
The number of PSSCH transmissions for a TB is 2. The number of PRBs for a PSSCH is 14 and the allocated frequency resource for data channels is 42 PRBs. The remaining PRBs out of 10MHz can be used for PSCCHs. In the simulation, ideal SA decoding is assumed where all UEs can correctly decode SAs transmitted from other nearby UEs. Resource reselection period is 1s.   
[bookmark: _GoBack]Fig.1 and Fig.2 show the PRR (packet reception ratio) vs. distance for the freeway case with 140km/h and 70km/h UE velocities respectively. For both scenarios, all sensing based scheduling schemes can substantially improve the performance. The scheduling scheme based on SA decoding with interference emulation provides maximal performance gain. 
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Fig.1. Reliability performance for sensing schemes (Freeway case, 140km/h)
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Fig.2. Reliability performance for sensing schemes (Freeway case, 70km/h)
Fig.3 shows the PRR (packet reception ratio) vs. distance for the urban case with 60km/h UE velocity. Scheduling schemes based on SA decoding and energy measurement provide similar performance gain. Compared with random scheduling, performance gain achieved by sensing based scheduling is not substantial due to high UE density in this deployment scenario. 
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Fig.3. Reliability performance for sensing schemes (Urban case)
Proposal 2: Prefer the scheduling scheme which selects data channel resources according to the least transmitter number from SA decoding due to its simplicity.
Consider supporting SA decoding with interference emulation for sensing if more performance gain is desired.
Conclusions
Based on the discussion above, we have the following observations and proposals:
Proposal 1: For sensing based on SA decoding, a SA should contain resource indication for all associated data channels for the same TB.
Observation 1: Methods to estimate received energy from a transmitter are worth further discussion.
Observation 2: Compared with sensing based on SA, sensing based on energy measurement has some limitations due to multiple periodicities and resource reselections of V2V traffic.  
Observation 3: For resource reselection, we need to limit the number of UEs performing this operation simultaneously.
Proposal 2: Prefer the scheduling scheme which selects data channel resources according to the least transmitter number from SA decoding due to its simplicity.  
Consider supporting SA decoding with interference emulation for sensing if more performance gain is desired.
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Appendix
In this section, we provide summary of simulation parameters of the system level simulations.
Table 1: Summary of system level evaluation assumptions
	Parameters
	Values

	Carrier frequency
	5.9 GHz

	Bandwidth
	10MHz (42 PRBs for PSSCH)

	V2V message packet size
	2432 bits including 24bit CRC (about 300 bytes)
1536 bits including 24bit CRC (about 190 bytes)

	Packet modulation/coding
	QPSK, Turbo coding

	Traffic model 
	1 packet every 100ms
190 bytes every 100ms (four consecutive packets)
300 bytes every 500ms (every 5th packet)

	Velocity for vehicle TX UE and RX UE
	140km/h and 70km/h for freeway scenario 
60km/h for urban scenario

	Resource reselection period
	1s

	Candidate resource set size 
	10
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