
3GPP TSG RAN WG1 Meeting #82bis		                                                       R1-155221
Malmö, Sweden, 5th - 9th October 2015

Source:	CATT
[bookmark: Title]Title:	                   Enhancement of resource allocation mechanism in PC5-based V2V 
[bookmark: Source]Agenda Item:	7.2.8.2.1
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
In SA1 #71 meeting, 3GPP TR 22.885 [1]is updated to V0.3.0, there are a number of use cases of V2X. Base on the use cases, some of common requirements (mainly for V2V) are as follows:
· The RV V2V Service layer periodically broadcasts a message, indicating its current position, speed, acceleration and optional estimated trajectory.
· The E-UTRA(N) shall be able to support a maximum frequency of 10 V2V messages per second.
· The E-UTRA(N) shall be able to support high mobility performance(e.g. a maximum absolute velocity of 160 km/h).
· The E-UTRA(N) shall be able to support high mobility performance (e.g. support a maximum relative velocity of 280 km/h.
· The E-UTRA(N) shall be able to support a maximum latency of 100ms.
That is to say, comparing to R12 D2D scenario, V2V safety services require higher capacity. In V2V communication scenarios, every vehicle has to receive information from all the nearby vehicles continuously, which brings great challenges to system capacity. In this contribution, some considerations on technique schemes for PC5-based V2V are provided. 
Discussion
1.1. Reliability issue in PC5-based V2V
In R12 D2D communication, traffic model targets VOIP and ftp with small packets, and the number of UEs which occupy the resource is small (assuming 3 TX UEs per cell in simulation evolution). Comparing to R12 D2D scenario, V2V safety services require higher capacity to support larger message size. Although it is possible in LTE to apply multiple carriers, considering UE is not always capable to support multiple carriers, resource efficiency in a single carrier should be improved. At the same time, the increasing UEs number and high frequency transmission brings more competition of resources. From above, it is expected that the collision probability will increase and corresponding transmission reliability will decrease if reusing random selection scheme, which is shown by the simulation results in [2]. 
Retransmission is the existing mechanism to improve the reliability of random selection scheme, which also mitigate the half duplex issue due to FDM for resource multiplex. However, retransmission mechanism takes effect depending on whether resource is sufficient. With higher density of traffic load in V2V, the probability of near-far effects caused by in-band emission due to FDM will also increase. To reduce collision probability and resolve issue when traffic load increases in PC5-based V2V, physical layer design is needed to increase the reliability of single transmission。
Proposal 1: Enhancement on resource allocation should focus on signal carrier at first.
Proposal 2: Scheduling algorithm needs to be designed for improving the reliability of single transmission.
1.2. Introduce of Semi-Persistent Resource allocation
According to the conclusion of the last meeting [1], V2V safety services have a certain periodicity. Message size will change due to different sampling of path history, but in more than 90% of the case the message size are between 190 and 300 bytes.  The minimum and the maximum message size are 150 and 400 bytes, respectively. Although the change of the massage size is not very fast, we also should consider it in the designing of PHY data channel for its flexibility and extension. But looking at the possible change and considering possible sub-channel design [3], and perspective of requirement, vehicle resources can be occupied semi-persistently. 
Because the movement of vehicle has a certain limitation of trajectory, and also considering the fact that most of the drivers comply with the following mode, we can consider the topology changes (i.e., Location of UEs Vehicle within a vehicle communication range will change) gradually. The resource occupation can be considered that has a certain degree of space protection, i.e. resource reuse in space domain. In the other words, the vehicle has the condition of occupying the certain resource continuously. It is noted that, in V2V scenario, due to the topology and channel changes, the selected resource according to the past topological information may exist the possibility of collision under the new topology, which may reduce the system reliability. Therefore, it needs adjust the resources in case of change, which means to support Semi-persist resource occupy.
Proposal 3: Semi-persistent resource occupy should be considered for PC5 V2V safety services no matter there is or is not network coverage.
1.3. Details of Semi-Persistent Resource allocation scheme
To avoid collision, listen before talk mechanism should be applied to V2V instead of only using random selection without any monitoring. 
Proposal 4. Listen before talk mechanism should be applied to PC5-based V2V.
As shown in Figure 1, a vehicle starts to monitor the channel by PHY measurement once it is powered on. After listening for a super-frame T / a time window, the vehicle has a certain understanding of the resource state of “free”/ “occupied”/ “collision”. Based on the principle of Semi-Persistent Resource occupancy, all the vehicles have the common sense that the “free”/ “occupied” status of each resource in the next super-frame is equivalent to a previous super-frame.
Based on the understanding of all the “free”/ “occupied” resource state of the next super-frame in the future, a vehicle randomly selects one among those “free” resources which satisfy latency and packet size requirements. Once selected, the vehicle will keep the resource as its own occupied resource and will persistently occupies it for transmission, until it is informed by other vehicles that its resource is in “collision”, or it has no data to transmit.


Figure 1 Vehicles persistently occupy resources

Furthermore, during the monitoring (including listening and decoding):
1) Vehicle assumes that the super-frame length is 1s (coming from the lowest Tx frequency of 1Hz), it is the basis of determining the free/occupied condition of the resource in the following subframe and the own occupied resource will be considered as released if it is not continuously occupied after 1s. For V2V 10Hz transmission rate, UE persistently occupies 10 resources (each one is selected from a 100ms window). While for V2V 2Hz transmission rate, UE persistently occupies 2 resources. 
2) A vehicle also needs monitor and help other vehicles to judge whether their resources were collided or they have a risk of collision, e.g. hidden vehicles as shown in Figure 2, and also need inform other vehicles by indicating the collision or potential collision in its own resource nearest the sub-frame.

                                                         Figure 2 UE-C measures and indicates the collision
3) A vehicle need decode collision indication message from other vehicles to determine whether its own resource is still available. A vehicle has to release the resource immediately when anyone vehicle indicated that the resource is collided. At the moment, the vehicle has to choose new resource block(set) immediately if it still has other packet to send.
As previously mentioned, for V2V safety service, due to the limitation of resources, the probability of near-far effects caused by in-band emission due to FDM will also increase. To solve the problem, we need to reduce the requirement of listening to each other among FDM users. The users who need not communicate with each other can use FDM resources. For a receiving vehicle, it can further improves the capacity by setting the isolation degree of spatial reuse higher than that of frequency reuses for avoiding in-band emission. For this reason, except for considering the “free”/ “occupied”/ “collision” state of the resource to avoid collision and further reduce the possibility of hidden vehicle case, a vehicle should also consider the FDM feasibility when it selects the new resource. If the FDM vehicles already communicate with each other, the resources will be determined as “collision”. If UEs are under network coverage, network can also help providing information of above resource allocation.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 5: Reliable mechanism for handling collision, particularly hidden vehicle case, should be considered.
Proposal 6: FDM only applied to UEs which are beyond twice communication range of each other.
Proposal 7: eNB can assist information providing for resource allocation mechanism at UEs. 

1.4.  Simulation results 
The detail simulation assumptions are provided in Table 1.
Table 1: simulation assumptions
	Simulation Parameters
	Value

	Deployment scenario
	Freeway as defined in [1]

	Carrier frequency
	5.9GHz

	System bandwidth
	10MHz

	Tx Power
	23dBm

	Antenna gain
	3dBi

	Traffic Model 
	Data transmission：
· 100ms period, and periodic traffic as defined in [1]

	Synchronization 
	Ideal

	Carrier Frequency Offset
	Ideal 

	Vehicle velocity
	70km/h

	Pathloss model
	As defined in [1]

	Shadowing fading 
	As defined in [1]

	Vehicle density
	21 vehicles/lane/km as defined in [1]

	Resource selection method
	semi-persistent scheme given in 2.3, and take TDM as the start point: each packet use one subframe(50 PRBs)

	Modulation and coding scheme
	Data transmission : 
· QPSK, Turbo coding, coding rate is 0.16/0.25(respectively for 190Byte and 300Byte, assuming 4 DMRS symbols)




Simulation results of data transmission PRR are shown in  Figure 3:

[image: ]
Figure 3 Performance comparison of 2 resource allocation schemes

It can be observed that when using mode2 scheme, the average PRR of data transmission is about 73% at the distance [140m, 160m], which cannot meet the V2V performance requirements[1]. While when using semi-persistent scheme, the average PRR of data transmission is about 95% at the distance [140m, 160m], which could meet V2V requirements. Also it should be noted that only TDM is used in current simulation, but when FDM is introduced, the performance will be supposed to having further improvement.

Conclusion 
In this contribution, the following proposals are :
Proposal 1: Enhancement on resource allocation should focus on signal carrier at first.
Proposal 2: Scheduling algorithm needs to be designed for improving the reliability of single transmission
Proposal 3: Semi-persistent resource occupy should be considered for PC5 V2V safety services no matter there is or is not network coverage.
Proposal 4. Listen before talk mechanism should be applied to PC5-based V2V.
Proposal 5: Reliable mechanism for handling collision, particularly hidden vehicle case, should be considered.
Proposal 6: FDM only applied to UEs which are beyond twice communication range of each other.
Proposal 7: eNB can assist information providing for resource allocation mechanism at UEs. 
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