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1 Introduction
During RAN#70 meeting, a new WI of Rel-14, “Support for V2V services based on LTE sidelink”, is approved [1]. The objectives of this work item are to specify LTE sidelink enhancements for V2V services defied in SA1 [2]. The WID clearly pointed out that specification work in this item should start from the relevant outcome of the feasibility study on LTE-based V2X [3]. Meanwhile, the work item should cover V2V services both with and without LTE network coverage, and cover both the operating scenario where the carrier(s) is/are dedicated to V2V services and the operating scenario where the carrier(s) is/are licensed spectrum and also used for normal LTE operation. 
The detailed objectives of the work item in RAN1 are to specify support for the following functionalities:

1) To specify enhancement to sidelink physical layer structure necessary for V2V services 
2) To specify enhancement to sidelink synchronization procedure necessary for V2V services 

a) Low priority is given to enhancements to Rel-12/13 SLSS-based synchronization.
3) To identify what are necessary sidelink resource allocation enhancement option(s) among the ones captured in TR 36.885 for V2V services and specify the identified option(s) 

4) To specify a solution/requirement (if needed) for coexistence of PC5-based V2V operation and legacy Uu operation with LTE in the same carrier frequency 
In RAN1#82bis meeting, regarding the resource allocation mechanism, below agreements are reached:

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

· Network control aspect

· At least when a UE is inside coverage of an eNB on the carrier where PC5 is performed (i.e., Uu and PC5 share the carrier), the eNB controls at least some parameters that affects UE resource selection.

· When a UE operates PC5 in a carrier where no cell is detected but it is inside coverage of an eNB in another carrier (i.e., different carriers for Uu and PC5), network may control at least some parameters that affects UE resource selection.

· At least when the PC5 and Uu carriers are allocated to the same operator, RAN1 assumes that eNB has at least some controls. FFS for the other cases. 

· UE autonomous resource selection can be configured for a UE inside network coverage.

· eNB control above includes

· Exact resources for transmission or set of resources for UE autonomous selection

· FFS: other parameters

· 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

· Enhancement to resource selection/structure

· Study which of the following principle(s) is(are) beneficial:

· Collision avoidance

· A UE identifies the resources that will be occupied and/or collided by the other UEs and avoids a colliding resource allocation for its transmission.

· FFS

· Details of the identification of the occupied and/or collided resources, e.g., by reading other UEs’ SA and/or sensing the energy level

· How to select the resources and MCS for transmission

· Whether a UE performs the resource selection procedure for every transmission, and if not, what triggers reselection

· FFS if the initial selection and reselection procedures are the same or not

· Whether signaling from eNB (e.g., information on the resource load) or another UE is beneficial. 

· Whether resource in this context is in the physical domain or the logical domain

· 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

· Enhanced resource randomization

· Example is increasing the number of time resource patterns.

· Introducing a finer time resource granularity and/or a coarser frequency resource granularity 

· Semi-persistent scheduling from eNB for PC5 transmissions

· Cross-carrier scheduling

· eNB sends control via a carrier to schedule sidelink resource in another carrier not associated with the carrier used for the control transmission.

· FFS in which scenario(s) this principle is beneficial

· Differentiation of radio transmission characteristics based at least on higher layer properties

· FFS which other aspect(s) will also differentiate radio transmission characteristics

· FFS radio transmission characteristics

· 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

In this contribution, we focus on the mechanism of resource allocation for Rel-14 V2V communication and present our views on detailed schemes.
2 Discussions on mechanism for resource allocation
Regarding the resource allocation for V2V, basically, there are two kinds of mechanisms like Rel-12 D2D communication, i.e. eNB scheduling and UE autonomous selection. 
2.1 eNB scheduling based resource allocation

In this mechanism, as the central node, eNB controls all the resource in time domain and frequency domain and allocates the exact resource for the transmitting UE to transmit SA (scheduling assignment) and the associated broadcasting data. In this way, resource collision among multiple transmitting UEs can be avoided by eNB scheduling. eNB can take the latency requirements of different services into account and timely schedule enough resource to guarantee the latency requirements of V2V message. Therefore, eNB scheduling based mechanism can provide reliable and robust performance. On the other hand, such a mechanism leads to large signaling overhead from eNB to the scheduled UE for exact resource allocation for both SA and associated data, like the D2D-grant signaling in Rel-12 D2D communication, especially when there are a lot of vehicle-UEs within the cell coverage. V2V is different from Rel-12 D2D communication, which is mainly used for public safety purpose and therefore there is less number of transmitting UEs in one cell. However, in V2V scenario, a lot of vehicle-UEs having periodical V2V message may be served by one eNB. In that case, large signaling overhead is caused. Considering the typical traffic for V2V service is a periodic message with 100ms period, SPS (semi-persistent scheduling) can be used to save the signaling overhead. 
2.2 UE autonomous resource selection
In Rel-12 D2D communication mode 2, the UE autonomous resource selection mechanism can work in case of out of network coverage and sometimes in network coverage depending on network configuration. Briefly, UE can autonomously select the needed resource from the (pre)configured resource pools with equal probability for each resource. It is noted that the resource selection for SA and associated data transmission are totally independent, i.e., the resource selection for associated data is not dependent on the already determined SA resource. Since this mechanism allows UE to independently and randomly select the needed resource for SA and associated data from the (pre)configured resource pools, the resource collision may happen when more than one UE selects the same resource for SA or data transmission. Particularly, the probability of resource collision is related to the number of transmitting UEs in a same subframe and the size of resource pools. This requires eNB to estimate or monitor the number of transmitting UEs within its coverage and configure appropriate resource pool size for UEs working in autonomous resource selection. Similarly, this problem of resource collision in D2D also happens in V2V scenario when UE autonomously selects the resource for SA/data transmission from the (pre)configured resource pools for V2V purpose.
Obviously, the main benefit of eNB-scheduling over UE-autonomous selection is that the former can avoid the possible resource collision which may happen in the latter. However, UE-autonomous resource selection can save signaling overhead and work in the region without network coverage. Therefore, both mechanisms should be supported in V2V service.
Based on the above analysis, we have below proposal.

Proposal 1: Both eNB-scheduling resource allocation mechanism and UE-autonomous resource selection should be supported for Rel-14 V2V communication.
Proposal 2: SPS can be used for eNB-scheduling based resource allocation mechanism for the purpose of saving signaling overhead.
3 Discussions on collision avoidance for UE autonomous resource allocation

In Rel-12 D2D communication, the SA (scheduling assignment) pool and data pool are time-multiplexed and located in different subframes. As shown in Figure 1, the SA pool is located before the associated data pool in the time domain. Currently minimum SA period is 40ms. Even with the lowest SA period a UE may need to wait 40ms just to transmit once. Therefore it is not possible to meet low latency requirements of V2V transmission. To overcome the drawbacks of Rel-12 D2D resource allocation mechanism, for V2V, the resource pool structure should be modified such that FDM between data and SA resources is allowed.
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Figure 1: Rel-12 D2D TDM based SA pool and associated data pool

In Figure 2, FDM based SA and data pool is shown for V2V. To keep the single carrier property at UE side, SA and its associated data are always contiguous in frequency domain when they are transmitted in a same subframe, which composes a  basic transmission resource unit (TRU) for V2V SA and data transmission. On the carrier assigned for V2V service, the available bandwidth in units of PRBs can be divided into several TRUs. The concrete number of PRBs for SA and associated data in one TRU can be configured considering the supported packet size for V2V traffic, or fixed in specification for simplicity. 

[image: image2.png]A

I

A

|

One subframe

TRUK

TRU 2

TRU1




Figure 2: FDM-based SA and data pool
Based on the learning of Rel-13 LAA (licensed assisted access), LBT (listen before talk) mechanism can be introduced to reduce the resource collision probability in the UE autonomous resource selection mechanism for V2V. In detail, before UE transmits SA and its associated data, UE needs to perform LBT in order to select one TRU from all the available TRUs in one subframe. This LBT is performed based on the sensed energy level of a specific region in frequency domain and time domain, which is shown in Figure 3. The details for using LBT for V2V are listed below:
· In frequency domain, for each TRU, a detection bandwidth is defined for UEs performing energy detection and TRU reservation. Transmitting UE needs to detect the received energy on the REs within the detection bandwidth, and compare the detected energy with a predefined threshold. The size of the detection bandwidth in one TRU needs to consider the detection accuracy, the bandwidth of data part and leaked power due to in-band emission.

· In time domain, the first symbol of each subframe can be used by transmitting UEs to compete for the TRU. In more details, in the first symbol of one TRU, if the received energy of one ECCA check is below the predefined threshold, then the transmitting UE draws a random backoff counter in the window [1, N] and subtracts 1 if the received energy in each following ECCA check is still below the threshold. If the received energy of one ECCA check is above the predefined threshold, the random backoff counter is not counted down. If the backoff counter is counted down to zero before the end of the first symbol, the transmitting UE can send dummy signal to reserve this TRU covering the detection bandwidth till the end of the first symbol, and then transmits SA and associated data in this selected TRU. The selection of contention window size, N, needs to ensure the N ECCA slots plus the Rx-Tx turn-around time (e.g., 20us) are not larger than one symbol duration.
· If more than one TRU is available, the TRU with the corresponding backoff counter reaching zero the earliest is selected for SA and associated data transmission.

· If none of TRUs is available or the corresponding random backoff counter is not counted down to zero within one symbol duration, then the transmitting UE gives up the transmission in the current subframe and repeats the same behaviors in next subframe within the SA/data resource pool.

[image: image3.png]Detection
bandwidth

Detection
bandwidth

Detection
bandwidth

One symbol duration

TRUK

TRU 2

TRU1




Figure 3: using LBT for collision avoidance 
In this way, the resource collision for UE autonomous resource selection can be reduced by using LBT.
Based on the above analysis, we have the following proposal:
Proposal 3: Support LBT to reduce resource collision probability for the UE-autonomous resource selection mechanism.
4 Conclusion

In this contribution, we focus on the mechanism of resource allocation for Rel-14 V2V communication and present our views on detailed schemes. Based on the analysis, we have below proposals:
Proposal 1: Both eNB-scheduling resource allocation mechanism and UE-autonomous resource selection should be supported for Rel-14 V2V communication.
Proposal 2: SPS can be used for eNB-scheduling based resource allocation mechanism for the purpose of saving signaling overhead.
Proposal 3: Support LBT to reduce resource collision probability for the UE-autonomous resource selection mechanism.
References
[1] RP-152293, New WI proposal: Support for V2V services based on LTE sidelink
[2] TR22.885, Study on LTE support for Vehicle to Everything (V2X) services

[3] TR36.885, Study on LTE-based V2X Services
[4] ETSI EN 302 502, Harmonized European Standard, “Broadband Radio Access Networks (BRAN); 5,8 GHz fixed broadband data transmitting systems”

