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1. Introduction
The SI on the “Feasibility Study on LTE-based V2X Services” [1] includes the following scope
2) For support of PC5 transport for V2V services (to be completed by RAN#70 – December 2015), at least including:
1.1 Identify necessary enhancements (e.g. of potential enhancements: mitigate impact of half duplex constraint, reduce resource collision, enhance pool structure, enhance resource patterns, SA information transmitted in same subframe as the associated data) to the resource allocation mechanism to meet identified requirements for robustness, latency, overhead and capacity [RAN1]

In RAN1#82bis meeting, resource pool and scheduling assignment related agreements for resource allocation principles was discussed and the following agreements had been made [2]:
· 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.
· Scheduling assignment
· Each data transmission is scheduled by an SA.
· FFS whether SA and Data are not transmitted on separate physical channels:
· In case of separate channels, study whether SA pool and data pool are orthogonal or can overlap.
· FFS whether SA and data from a single transmitter can be transmitted in the same subframe
· Study the number of transmissions of a given TB
· Study the number of transmissions of a given SA
· FFS whether a single SA may schedule multiple TBs
· FFS whether the time/frequency resources of a given SA is independent of the time/frequency resources of the associated data
Following SI scope and resource pool configuration agreements in previous meeting, enhancement on resource pool configuration should be elaborated associated with latency reduction, whose requirements has been specified in SA1 document [3], wherein the most stringent latency for V2X is for the case of Pre-Crash warning of 20 ms. 
[PR.5.12.5-001] The E-UTRA(N) shall be able to transfer V2V Service messages between two highly mobile UEs supporting V2V Service with less than 20 ms latency and high reliability.
This contribution proposed enhanced resource pool configuration and corresponding scheduling scheme to achieve 20ms low- latency requirement. Meanwhile, the transmission reliability is not compromised and resource pool structure inherited from Rel.12/13 D2D design can be reused. 
2. Discussion on resource pool configuration
Currently the minimum SA period is 40ms in D2D design. Whenever a UE need to perform D2D transmission, it may need to hold on up to 40ms to fetch transmission opportunity. Besides, it has to spend another 40ms to complete the whole D2D communication. A straightforward scheme to shorten transmission latency is to shrink the SA period to fulfill 20 ms constraints. However, this may arise the issue of resource inefficiency results from redundant SA pool assignments and also induces unnecessary SA pool monitoring overhead for non-critical message. Several other pool deployment schemes had been proposed in the previous meeting [4][5], together with the TDM based scheme adopted in D2D, are listed in the following table for comparison.
	V2X Resource Pool Configuration Scheme
	Pros
	Cons / overhead.

	TDM scheme in D2D with SA period reduction.
	Minimum spec. impacts compared to D2D.
	Inefficient resource utilization and energy consumption.

	FDM Scheme in [4]
	Exclusive SA pool channel facilitates low latency operation.
	SA monitoring overhead for non-critical applications. 
Restrictive pool configuration for each FDMed channel.

	TDM Scheme in [5]
	[bookmark: OLE_LINK161]Incorporate different traffic types in SA/Data pool design. 
	Cannot guarantee latency for Event-triggered traffic due to TDM structure   

	FDM Scheme in [5]
	Incorporate different traffic types in SA/Data pool design.
Fulfill low latency transmission for event-triggered application.
	SA pool monitoring overhead for periodic traffic receivers.
Reduced pool deployment flexibility in specified SA pool channel. 


 
The proposed hybrid FDM/TDM resource pool configuration scheme can accommodate different type of traffics from low latency constraint packets to other traffic patterns, such as periodic or delay-tolerant traffics. The detail operations and prerequisites are described in the following sections.
Observation 1: Latency Reduction by shrinking SA period could be inefficient in resource utilization and energy consumption.
[bookmark: OLE_LINK162]2.1 Staggered SA resource pool 
In this design, pool allocation spreads over time and frequency domain, i.e., FDM based transmission over various sub-channels. Deployment of each sub-channel can follow existing resource pool structure in Rel. 12/13 D2D, i.e., SA pool is followed by data communication in Data pool. A notable feature is that the SA pool is staggered on the time-domain among different sub-channels. Thanks to this SA pool misalignment feature, the SA pools at each sub-channel can be evenly spanned on the entire time-domain for fast-acquisition by emergent users at any time. 
In particular, for the case where the number of vehicles may be very large in jammed street, which results in serious resource contentions and significantly downgrade performance. SA pool misalignment over time domain make it possible to spread the low-latency traffics, as a consequence, the collision probability is reduced due to fewer vehicles launch V2V transmissions at the same time.
Observation 2: Staggered SA pool structure over multiple FDMed sub-channels resolve low-latency requirements. 
Observation 3: Staggered SA pool structure reduces SA collision problems in highly dense traffic.  
[bookmark: OLE_LINK163]2.2 Resource pool segmentation 
Staggered SA structure facilitates low-latency traffic to monitor SA resource and launch V2V message in time, though, not every user in the spot are urgent to fetch SA resource. Practically, frequent SA pool monitoring causes unnecessary sensing overhead and drains the battery quickly. 
To encompass versatile latency requirements in the V2V framework, we divide the SA pool into two sub-pools, which are tailored for latency sensitive and non-sensitive applications respectively. The boundary of SA pool division is determined in accordance with SA pool offset value in consecutive sub-channels as well as percentage of critical traffic volumes.
As for Data pool, it can be either explicitly defined or shared among different traffic types. In view of flexibility and efficient resource utilization, shared Data pool shall be favorable. However, in this case the scheduler needs to pay more attention on the allocated data resource for low-latency applications to meet their latency constraints. On the other hand, for latency-tolerant application, existing SA and Data resource pool configuration of D2D can be adopted as usual in each sub-channel. 
Observation 4: SA resource pool separation can lower monitoring overhead for non-critical applications.

[bookmark: OLE_LINK164]2.3 On communication reliability for critical communication
According to the requirement of pre-crash warning system in the TR 22.885 [3], in addition to 20ms low-latency constraint, transmission reliability plays a key role in this scenario. 
For FDM based resource pool deployments, frequency domain resource slicing results in decrease of available resource on each single channel, as a result, inevitably deteriorates transmission performance. Cross sub-channel scheduling is therefore necessary to extend the scheduled resource on other sub-channels, the aggregated resource on frequency domain is essential for time-limited packet to achieve high reliable transmission. Cross-channel scheduling is also beneficial for reducing collision probability, for Mode 2 operation, vehicles can randomly select one of the available sub-channels to avoid contention with other vehicles as well as achieve frequency diversity over deep fading channels.
Observation 5: Cross-channel scheduling is essential for time-limited packet to achieve high reliable transmission.
Observation 6: Mode 2 operation with cross-channel scheduling reduces Data collision probability as well as provides frequency diversity over deep fading channels.
FDMed pool structure with staggered and separated SA pool along with cross-channel scheduling provides the ability to encompass versatile traffic types with different latency requirements. Thanks to the backward compatibility feature, the proposed scheme ensures minimum specification impacts. eNB can reconfigure it to original D2D pool structure at any time as soon as no low-latency devices are detected. 
[bookmark: OLE_LINK150]Observation 7: Proposed scheme can accommodate various traffic types with limited specification impacts.
Figure 1 shows an example of proposed structure, wherein 3 different traffic types are considered and using 3 segmented SA pools, i.e., event-triggered low-latency applications with SA1 resource pool, periodic traffic applications with SA2 pool, and delay-tolerant applications using SA3 resource pool respectively. Each SA resource pool has corresponding data pool usage. It is shown that part of the resource in the Data pool is shared among different traffic types. 
Red arrows indicates SA pool to Data pool mapping of the event-triggered application, where cross sub-channel scheduling is applied here. It is shown that each SA1 period is limited to 20ms and spread evenly over time domain. Similarly, green arrows and blue arrows correspond to the SA pool to Data pool mapping of periodic traffic and delay-tolerant applications respectively. It can be observed that the periodic traffic type performs cross SA period scheduling and delay-tolerant traffic type only confines to one sub-channel within single SA3 period.     

[bookmark: OLE_LINK151]Proposal 1: Staggered SA pool structure over FDMed sub-channels shall be considered for latency-reduction and collision avoidance.
[bookmark: OLE_LINK148][bookmark: OLE_LINK149]Proposal 2: Along with Proposal 1, SA resource pool should be separated to critical and non-critical sub-pools to facilitate SA pool monitoring. Implicit SA pool to Data pool mapping should be applied.
Proposal 3: Along with Proposal 1, cross-channel scheduling should be adopted for improving transmission reliability in critical communication.
   [image: ]
[bookmark: OLE_LINK167][bookmark: OLE_LINK168]Fig. 1. Proposed pool structure of FDM transmission with staggered and separated SA pools 
3. Conclusions
[bookmark: _GoBack]FDMed pool structure with staggered and separated SA pool, along with cross-channel scheduling provides the possibility to encompass versatile traffic types with different scheduling period. The feature comparisons of proposed hybrid FDM/TDM scheme are highlighted in the following table.
	V2X Resource Pool Configuration Scheme
	Pros
	Cons / overhead.

	TDM scheme in D2D with SA period reduction.
	Minimum spec. impacts compared to D2D.
	Inefficient resource utilization and energy consumption.

	FDM Scheme in [4]
	Exclusive SA pool channel facilitates low latency operation.
	SA monitoring overhead for non-critical applications. 
Restrictive pool configuration for each FDMed channel.

	TDM Scheme in [5]
	Incorporate different traffic types in SA/Data pool design. 
	Cannot guarantee latency for Event-triggered traffic due to TDM structure   

	FDM Scheme in [5]
	Incorporate different traffic types in SA/Data pool design.
Fulfill low latency transmission for event-triggered application.
	SA pool monitoring overhead for periodic traffic receivers.
Reduced pool deployment flexibility in specified SA pool channel. 

	Hybrid TDM/FDM scheme
	Flexibility to accommodate different traffic type transmissions.
Reduce collision probability in SA and Data pool. 
	Additional configurations on time-domain SA pool staggering and frequency-domain Data pool cross scheduling.


We have the following observations and proposals of the proposed pool configuration scheme.
Observation 1: Latency Reduction by shrinking SA period could be inefficient in resource utilization and energy consumption.
Observation 2: Staggered SA pool structure over multiple FDMed sub-channels resolve low-latency requirements. 
Observation 3: Staggered SA pool structure reduces SA collision problems in highly dense traffic.
Observation 4: SA resource pool separation can lower monitoring overhead for non-critical applications.
Observation 5: Cross-channel scheduling is essential for time-limited packet to achieve high reliable transmission.
Observation 6: Mode 2 operation with cross-channel scheduling reduces Data collision probability as well as provides frequency diversity over deep fading channels.
Observation 7: Proposed scheme can accommodate various traffic types with limited specification impacts.

Proposal 1: Staggered SA pool structure over FDMed sub-channels shall be considered for latency-reduction and collision avoidance.
Proposal 2: Along with Proposal 1, SA resource pool should be separated to critical and non-critical sub-pools to facilitate SA pool monitoring. Implicit SA pool to Data pool mapping should be applied.
Proposal 3: Along with Proposal 1, cross-channel scheduling should be adopted for improving transmission reliability in critical communication.
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