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Introduction
In RAN1 #84 meeting, the following agreements are listed:
Agreements: (from offline summary in R1-161405)
· For  sidelink V2V communication mode-1, sidelink semi-persistent scheduling from the eNB is supported
· Sidelink semi-persistent scheduling means that the eNB allocates a set of periodically occurring resources for sidelink SA and data transmission.
· If the UE does not have data to transmit, UE does not transmit PSSCH
· FFS the details of signaling
· Resource allocation/release process FFS, may be different than existing LTE SPS scheme
In this contribution, the procedure and details of SPS in Mode 1 communication is discussed in Section 2.1. Similarly the semi-persistent mechanism can be introduced in Mode 2 and corresponding analysis is shown in Section 2.2.
Discussion on V2V semi-persistent scheduling
SPS in Mode 1 communication
Semi-persistent scheduling is beneficial in V2V transmission to reduce significantly scheduling overhead caused by high vehicle density. In this section we discuss how to perform SPS and consider the assistance of collision avoidance in Mode 1.
Since in V2V communication the amount of periodical messages are significantly larger than event triggered messages, scheduling of the periodical messages are main work of eNodeB in Mode 1. The advantage of introducing SPS for V2V periodical messages is that the transmission time and length of periodical messages (including SA and data) are predictable, thus SPS can be efficiently performed and obviously reduce system overhead without performance degradation. Similarly, SPS for event triggered messages is also considerable but more complicated due to its unpredictable generation time and limited message number with single event which needs resource release mechanism. 
Observation 1: SPS can be used in V2V Mode 1 communication for both periodical and event triggered messages including SA and data.
When V2V messages are generated for transmission, vehicles should send scheduling request to eNodeB. Rel-12 D2D communication mechanism can be seen as a baseline for signalling procedure with essential enhancements e.g. fast SR corresponding to the periodical and predictable features of V2V periodical messages.
After receiving transmission requests, eNodeB allocates semi-persistent resource sets for vehicles. One possible method is indicating both resource location e.g. T-RPT patterns and SPS statuses including activation and deactivation. It can be assumed that for a vehicle using Mode 1 communication, once a resource set is activated, vehicle can keep semi-persistently transmission on it until receiving corresponding deactivation signalling or triggering handover. Otherwise the resource validity could be indicated in the activation status and vehicles can use activated resource sets until expired. Deactivation status is used to release the resources allocated to a vehicle. 
Resource reselection in Mode 1 SPS can be performed with either 1) the combination of activation and deactivation that eNodeB deactivate current resource and activate a new set for a UE, or 2) activation only that when eNodeB allocates new resource with activation status for a UE, the UE autonomously transmits on newly allocated resource and releases the corresponding original set. At least for periodical messages the latter option is simpler without ambiguity introduced.
Vehicles could assume that resource allocation of all Mode 1 periodical messages are semi-persistent while event-triggered messages can be further discussed. Otherwise eNodeB can explicitly or implicitly indicate whether SPS is used in scheduling messages. 
Observation 2: Vehicles send V2V Mode 1 communication request to eNodeB, eNodeB decides whether to use SPS and explicitly or implicitly indicates result in scheduling messages. Rel-12 D2D Mode 1 communication can be used as a baseline with essential enhancements e.g. fast SR.
Proposal 1: Mode 1 SPS can be performed by indicating resource set and SPS statuses including activation and deactivation. Resource validity is indicated within activation status, or UE assumes that activated resource is always available until receiving deactivation or triggering handover. Resource reselection can be performed with the combination of activation and deactivation, or with activation status only.
[bookmark: OLE_LINK4]UE autonomous resource selection principles including sensing, enhanced randomization and location-based resource selection can also be considered in Mode 1 SPS. Enhanced randomization e.g. increasing T-RPT patterns can reduce the number of UEs using identical resource sets in same resource pool thus reduce severity of collisions. Location-based resource allocation should be assisted by UE location reporting. V2V resources are divided into multiple pools and each pool is mapped to geometry areas. eNodeB collects UE location (and direction) by UE reporting and allocates resources in a certain resource pool corresponding to the geo-region UE located in.
Figure 1 illustrates simulation result of enhanced randomization and zoning in Mode 1 SPS. It can be seen that zoning can improve PRR performance for UEs within a certain distance interval at the expense of PRR with other distance impaired. With current receiving distance requirement, the performance of zoning is beneficial for overall system performance. Therefore, enhanced randomization and location-based scheduling should be both used in Mode 1 SPS.
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(a) Freeway, 140km/h								(b) Urban, 60km/h
Figure 1 Mode 1 SPS with zoning and enhanced randomization
Sensing in Mode 1 SPS is relatively difficult. If sensing is performed by eNodeB, eNodeB needs to calculate interference level of each requesting UE based on its adjacent UE location and current resource allocation status. However due to UE mobility, latency of UE report and location inaccuracy due to overhead constraint, the interference calculated by eNodeB is inaccurate. If sensing is performed by UE, UE needs to report its sensing result to eNodeB assisting resource allocation thus introduce significant overhead. Therefore, sensing in Mode 1 SPS should have lower priority.
Observation 3: Resource allocation principles including enhanced randomization and location-based scheduling should be introduced in Mode 1 SPS. The priority of sensing can be lower.
In scenarios with high vehicle density e.g. urban scenarios, eNodeB may be unable to allocate complete orthogonal resources to UEs in a same geometry area. Collision detection and avoidance should be considered to assist eNodeB scheduling.
In Mode 1 scheduling, eNodeB knows which UEs are multiplexed on same resources but cannot directly know corresponding collision level. The introduction of collision report can help eNodeB measuring collision severity and triggering reselection. UEs detect collisions could inform adjacent UEs or eNodeB through sending a collision alarm message. Furthermore, when a UE observed itself collided with other UEs (possibly by SA reading or from received collision alarms), UE could inform eNodeB to trigger resource reselection and possibly start muting.
For the purpose of overhead reduction, as a baseline only severe collision needs to be alarmed, e.g. when two UEs are detected using same T-RPT patterns thus all retransmissions cannot be decoded. For collision alarm messages for adjacent UEs, a considerable standard is that when UE observes collision and assume involved UEs cannot be aware of being collided.
Proposal 2: Collision alarm messages could be introduced in Mode 1 SPS to inform eNodeB collision level and trigger reselection. For the purpose of overhead reduction, only severe collision needs to be alarmed.
SPS in Mode 2 communication
SPS in V2V Mode 2 communication can be seen as semi-persistent selection performed by UEs autonomously. In this section we discuss when and how to perform SPS and consider the assistance of collision avoidance in Mode 2.
In UE autonomous resource selection, if a UE keeps transmitting on selected resource sets, its adjacent UEs could effectively estimate possible future interference and select appropriate transmission resources. Periodically or collision-triggered reselection can prevent UE from continuous collision. Similarly, SPS can be used in Mode 2 for all periodical and event triggered messages. Otherwise eNodeB can configure a UE using Mode 2 SPS explicitly or implicitly e.g. configure a semi-persistent resource pool for UE.
Observation 4: SPS can be used in V2V Mode 2 communication for both periodical and event triggered messages including SA and data, or be configured by eNodeB.
As a baseline, the signalling procedure of Rel-12 D2D communication can be reused in V2V Mode 2 SPS. SA messages can be seen as resource reservation that indicates resource occupation in next multiple periods. Thus apart from resource pattern, UE should also indicate reservation validity in SA to help interference estimation of adjacent UEs. Furthermore, activation and deactivation statuses similarly used in Mode 2 SPS could be beneficial to optimize resource selection with appropriate algorithms. Resource reselection can be triggered periodically and by certain conditions e.g. collision detection (including energy level sensing, SA reading and UE collision alarm messages), UE location/direction changing, etc.
Observation 5: Rel-12 D2D communication signalling procedure can be used as a baseline for Mode 2 SPS. 
Proposal 3: In Mode 2 SPS, resource location and validity should be indicated in SA messages. Reselection is triggered both periodically and by certain condition e.g. collision detection, UE location/direction changing.
Resource selection principles including sensing, enhanced randomization and location-based resource selection are all suitable and beneficial to semi-persistent mechanisms. UE can decide available V2V resource pool based on current location and select transmission resources semi-persistently in the resource pool based on sensing. We suggest sensing in Mode 2 SPS should include at least SA reading and energy detection for the purpose of avoiding blocked resources and selecting low interference level resources.
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(a) Freeway, 140km/h
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(b) Urban, 60km/h
Figure 2 Mode 2 SPS with sensing, zoning and enhanced randomization (temporarily)
In our previous contribution [1] the combination of different principles shows better performance than either individual principle. Figure 2 is the performance of principles in Mode 2 SPS. Thus the combination of all three principles should be used in Mode 2 SPS.
Observation 6: The combination of sensing, enhanced randomization and geo-based transmission should be introduced in Mode 2 autonomous SPS. Sensing in Mode 2 should including at least SA reading and energy detection for the purpose of avoiding blocked resources and selecting low interference level resources.
Since resource scheduling is distributed in Mode 2 communication, collisions detected by a UE may be incomplete due to half-duplex constraint and decoding failure. Thus collision avoidance mechanism could inform collided UEs to trigger reselection before corresponding periodical reselection occurring thus reduces collision duration. 
Once a collision is observed, UE could transmit collision alarm messages to involved UEs. If a UE receives collision alarm message indicating collision of itself, or the UE detects involved in a collision, resource reselection and possible muting could be triggered. Similarly to discussed in Section 2.1, in Mode 2 only severe collision needs to be alarmed and a possible standard is when UE observes collision and assume involved UEs cannot be aware of being collided.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 4: Collision alarm messages can be introduced in Mode 2 SPS to inform UE triggering reselection. For the purpose of overhead reduction, only severe collision needs to be alarmed.
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Figure 3 Mode 1 SPS and Mode 2 SPS performance
Figure 3 is the comparison between Mode 1 SPS and Mode 2 SPS. In Mode 1 SPS, both enhanced randomization and location-based scheduling are used. In Mode 2 SPS, all three resource selection principles are used. It can be seen the overall PRR performance of Mode 1 is better than Mode 2. Considering relevant V2V requirements, if both Mode 1 SPS and Mode 2 SPS are available by a UE, Mode 1 should be configured in preference.

Conclusion
Observation 1: SPS can be used in V2V Mode 1 communication for both periodical and event triggered messages including SA and data.
Observation 2: Vehicles send V2V Mode 1 communication request to eNodeB, eNodeB decides whether to use SPS and explicitly or implicitly indicates result in scheduling messages. Rel-12 D2D Mode 1 communication can be used as a baseline with essential enhancements e.g. fast SR.
Observation 3: Resource allocation principles including enhanced randomization and location-based scheduling should be introduced in Mode 1 SPS. The priority of sensing can be lower.
Observation 4: SPS can be used in V2V Mode 2 communication for both periodical and event triggered messages including SA and data, or be configured by eNodeB.
Observation 5: Rel-12 D2D communication signalling procedure can be used as a baseline for Mode 2 SPS. 
Observation 6: The combination of sensing, enhanced randomization and geo-based transmission should be introduced in Mode 2 autonomous SPS. Sensing in Mode 2 should including at least SA reading and energy detection for the purpose of avoiding blocked resources and selecting low interference level resources.

Proposal 1: Mode 1 SPS can be performed by indicating resource set and SPS statuses including activation and deactivation. Resource validity is indicated within activation status, or UE assumes that activated resource is always available until receiving deactivation or triggering handover. Resource reselection can be performed with the combination of activation and deactivation, or with activation status only.
Proposal 2: Collision alarm messages could be introduced in Mode 1 SPS to inform eNodeB collision level and trigger reselection. For the purpose of overhead reduction, only severe collision needs to be alarmed.
Proposal 3: In Mode 2 SPS, resource location and validity should be indicated in SA messages. Reselection is triggered both periodically and by certain condition e.g. collision detection, UE location/direction changing.
Proposal 4: Collision alarm messages can be introduced in Mode 2 SPS to inform UE triggering reselection. For the purpose of overhead reduction, only severe collision needs to be alarmed.
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Appendix A
Table 1: simulation assumptions
	Parameters
	Value

	Carrier frequency
	6 GHz

	System bandwidth
	10MHz

	Number of carriers
	one carrier

	Tx power
	23dBm

	Antenna gain
	3dBi

	Synchronization 
	Ideal

	IBE
	Modeled

	Carrier frequency offset
	+/-0.1 PPM

	Resource pool
	FDM, SA and data in same subframe and adjacent in frequency domain

	UE drop and mobility model
	Freeway: absolute vehicle speed 140km/h
Urban: absolute vehicle speed 60km/h, 15km/h

	Vehicle density
	Average inter-vehicle distance in the same lane is 2.5 sec * absolute vehicle speed

	Channel model
	As described in TR 36.885

	Traffic model 
	periodic traffic with 100ms period

	Retransmission times
	2 for SA and data

	DMRS formats
	Option 1 with comb

	Modulation 
	QPSK with coding rate of 0.5

	Number of RBs for data
	16 for 190Byte, 25 for 300Byte

	Resource selection method
	Random selection
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