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1. Introduction 
In RAN1#82bis meeting, consensus on resource allocation for PC5 V2V has been reached for further study [1]. This document presents our further considerations on some of the agreements below.
Agreements

· The resource allocation principles listed below should be studied for PC5-based V2V (note that other schemes are not precluded):

· Resource pool

· The concept of resource pool is introduced at least for the purpose of study.

· Resource pool is a set of time/frequency resources where PC5 transmission may occur. Note that Rel-12 D2D communication mode 1 uses all the time/frequency resources as data pool. 

· FFS whether Rel-12 resource pool configuration is reused for PC5-based V2V.

· FFS the number of resource pools configured for a UE

· The need for defining multiple resource pools should be justified.

· FFS whether the number of SA pools can be different from the number of data pools and, if can, FFS whether multiple SA pools can be associated with the same data pool.

· Enhancement to resource selection/structure

· Resource selection based on transmitter-specific information

· Example 1: Resource allocation based on the location, velocity, and/or direction of the transmitter and/or distance between vehicles.

· Example 2: A UE reports its observation on the radio environment to help eNB scheduling

· Semi-persistent scheduling from eNB for PC5 transmissions

· Transmission power control and/or setting

· Use different transmission power e.g., depending on scenario

· This includes the possibility of using zero power (i.e., muting)

· Resource allocation robust to temporal interruption due to, e.g., handover, RLF, cell reselection

2. Resource pool configuration 
· Necessities of multiple resource pools
In V2V, it is important to fulfil various service requirements in different scenarios. 
· The transmitter and receiver could be in different traffic conditions, e.g. on motorway, in downtown, at intersection or approaching merging/diverging lanes. 
· The V2V message could be a periodical message with the frequency of up to 10 messages per second, or an instantaneously event triggered message.

· Most of the V2V applications have the requirement of maximum latency of 100ms. But for certain applications, e.g. pre-crash sensing, it is mandatory to guarantee the latency with less than 20ms.
The organization of scattered resources into multiple resource pools allows the following
· The applicability area of the resource pools may be different, e.g. intra-cell, inter-eNB
· The transmission formats applied in the resource pools may be different, e.g. DMRS configuration could be different in different pools
· The operation mode may be different between resource pools, e.g. scheduled resource allocation, autonomous resource allocation
The introduction of multiple resource pools for V2V will leave room for future optimization according to different kinds of V2X requirements.
Proposal 1: Multiple resource pools should be supported for PC5 V2V.
· Independent resource pools based on velocity and direction/location
The vehicles in high speed will impose more challenges on V2V applications.
· The high speed vehicles may encounter more frequent handovers and link failures.
· The high speed vehicles need to tackle with frequency tracking and channel estimation in high Doppler environment.
· Special considerations should be paid attention to periodic and event triggered messages transmission in high speed.
Bearing above diverse challenges/demands on high speed V2V in mind, it is natural to have a separate resource pool for high speed vehicles. With this high speed resource pool, a series of enhancement could be discussed, e.g. broader control area to ease frequent handovers with eNB and keep service continuity, adaptable physical transmission format to handle high Doppler, flexible resource allocation scheme for high speed V2V etc. 
Proposal 2: Separate resource pool(s) for high speed and low speed V2V should be supported. The operations on different multiple pools need further consideration. 

Furthermore, the real time complex road/traffic situations should be taken into consideration of resource pool configuration, shown in the examples as follows
· The influx of vehicles on merging lanes may bring resource scarcity problem in a short period while on diverging lanes, the different directions of vehicle groups may lead to different resource requirements. Solutions of resource pool configuration which tailor for various road situations as well as fixed infrastructures needs more investigation. 
· On the road especially in rush hour, it is common to have vehicle fleets driving in the opposite directions. Solutions of resource pool configuration which tailor for such dynamic vehicular traffic situation needs more investigation. 
The dynamic and effective management of the grouping of resources/resource pools, as well as the management of the allocation/re-allocation of them to the vehicles is fundamental.  
Proposal 3: Separate resource pool(s) for certain fixed infrastructures and traffic conditions should be supported. The operations on different multiple pools need further consideration. 
· Necessity of commonly pre-configured resource pool
The V2V communication targets for certain life critical event triggered messages. It is vital to guarantee there are resources for these message transmissions whenever it needs to propagate. Moreover, especially for the vehicles in high speed, they tend to have more stringent requirements e.g. latency for those life critical messages, as well as they may encounter more frequent handovers. As a result, it is important to configure/allocate resources for them with least scheduling request delay (for scheduled resource allocation scheme) or less resource collisions (for autonomous resource allocation scheme). From above aspects, it is reasonable to reserve a commonly pre-configured resource pool for those special usages. Such common resource pool may cross one eNB’s or PLMN’s coverage.
Proposal 4: Commonly pre-configured resource pool(s) should be configured for special usages, e.g. life critical event or high speed vehicles. 
3. Semi-persistent scheduling for PC5 V2V
As a semi-predefined manner of resource allocation, SPS will be beneficial for V2X for improving latency performance as well as to reduce the signalling overhead. As the use cases outlined in TR22.885 show, there are V2X service flows that require frequent and consistent transmissions by the UEs. The payloads in some of these repetitive transmissions are so small that the overhead from Rel-12 scheduling assignments would become onerous. Assigning resources for a UE in a semi-persistent fashion where it won’t need to request allocation for each transmission would dramatically reduce signalling overhead in the system. The initiation of the semi-persistent allocation may be scheduled by the eNB in a similar fashion as a UE request is handled in Rel-12. The difference is that the resource is assigned over multiple SC-periods, i.e. over semi-persistent interval or even over multiple semi-persistent intervals. The SPS resource configuration, detailed SA contents for SPS should be designated, together with the duty cycle design.
In general, there are a number of alternatives (design principles) for reserving and indicating the Scheduling Assignments for semi-persistent scheduling of PC5 resources. 
· Scheduling assignment for each semi-persistent interval
· Scheduling assignment for a certain number of semi-persistent intervals
· Scheduling assignment for a long duration as long as assignment is revoked.
Figure 1 depicts two UEs, UE1 and UE2, operating on SPS basis. UE1 first needs resources for very frequent transmission of payloads and has two resource blocks available for one SC period. Its assignment is changed from the next semi-persistent interval to less frequent use of the PC5 interface. UE2, on the other hand, has a single, large allocation of resources for each SC period in the first SPS interval, after which it is assigned a smaller resource in the next SPS interval.
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 Figure 1: Example of SPS allocation of UE resources on PC5 interface
According to the above principles, the semi-persistently assigned resources may change for every SPS interval, or they may be allocated over multiple SPS intervals, in which case the UE would not need to request new resources until the current allocation ends.

The coexistence of semi-persistently allocated resources with scheduled resource allocation should be possible without establishing separate resource pools. For scheduled allocation, the eNB keeps track of which resources are semi-persistently scheduled and can assign other UEs on the resources where SPS is not scheduled. 
Proposal 5: SPS should be supported in V2V and SA design principle together with data pattern should be studied. 
4. Transmission power control  
Rel-12 in coverage D2D power control scheme is based on the pathloss estimation of the UE to its serving eNB. While for V2V, power control should be considered as an effective mean to deal with the challenges listed below.

· Power control is mandatory to control the receive range of the broadcast message in order to reduce unnecessary message flooding.
· Power control is needed to control the interference level among vehicles, especially in the dense scenario, in order to improve the spectrum efficiency.
· Agile power control is required to adapt to various V2V scenarios, in order to cover different levels of discovery and communication range.
Proposal 6: Power control enhancements should be considered for V2V. 

Based on the above analysis, it is recommended to consider other factors to adjust the transmission power control other than pathloss. The factors include e.g. UE density and UE speed. The power control design principle should differentiate dense scenario with sparse scenario as well as UEs with high speed and low speed.
It is noticed that in dense scenario, as the interference and message flooding may become the non-negligible issue to impact the V2V performance, UE density should be considered in the power control. The design principle could be e.g. the transmission power is reduced with higher UE density for the sake of controlling propagation range of the message and reducing interference to others, while the power can be boosted when the UE density is low in order to enlarge the discovery and communication range.
In addition to the considerations on density in the above scenario, when the vehicle changes its driving speed downwards or upwards, it would be beneficial to adjust the communication range based on the speed. The combination of density and speed parameters would allow Tx power setting to minimise the interference to other UEs whilst ensuring the required communication range.
Such power control will have to work reliably regardless of whether the UEs are inside or outside of network coverage and on both cellular and ITS bands. Thus, the V2V power control would likely have both autonomous and centrally managed aspects. The method to determine UE density could be based on the estimation of e.g. eNB or number of discovered UEs by UE. 
Proposal 7: UE density and speed could be used in V2V power control. Detailed power control principles should be further studied. 
5. Conclusion
This document provides the enhanced solutions to Rel-12 PC5 resource allocation schemes for V2X services from resource pool configuration, semi-persistent scheduling and power control aspects. The following proposals are made.
Proposal 1: Multiple resource pools should be supported for PC5 V2V.

Proposal 2: Separate resource pool(s) for high speed and low speed V2V should be supported. The operations on different multiple pools need further consideration. 

Proposal 3: Separate resource pool(s) for certain fixed infrastructures and traffic conditions should be supported. The operations on different multiple pools need further consideration. 

Proposal 4: Commonly pre-configured resource pool(s) should be configured for special usages, e.g. life critical event or high speed vehicles. 

Proposal 5: SPS should be supported in V2V and SA design principle together with data pattern should be studied. 

Proposal 6: Power control enhancements should be considered for V2V.

Proposal 7: UE density and speed could be used in V2V power control. Detailed power control principles should be further studied.
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