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1. Introduction
In RAN#70, work item on support for V2V services based on LTE sidelink has been agreed [1]. Enhancement on sidelink resource allocation is included in the WI objective:
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)
In TR 36.885, the following conclusion is made,
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In this contribution, we will discuss possible enhancement of the above identified options.

2. Semi-persistent resource selection
Different from D2D communication service, V2V information can be transmitted periodically according to a configuration provided by the MNO [2]. For periodic information transmission, semi-persistent resource selection would be more efficient than UE selecting resource after every data packet arrives.  In addition, if semi-persistent resource selection is applied, the interference due to UE transmission is predictable across multiple data transmissions. Therefore, collision avoidance can be more effective due to predictable interference, and collision avoidance can be effective for a series of data packets.  Therefore, we propose:
Proposal 1: Semi-persistent resource selection should be supported for autonomous resource selection in V2V communication

Although semi-persistent resource allocation could be effective on collision avoidance, V2V communication needs to support flexible data packet size [2]. There are variable options to support flexible data packet size for semi-persistent scheduling. For example, UE may select different MCS value to adapt to the resource block; or UE may divide the packet into multiple data blocks if data packet size is not fit with the resource block size; or UE may override the resource allocation for a transmission by new SA. If UE can be aware of the traffic pattern, it may semi-statically select resource with different period to adapt to the packet size variation. It is also possible that UE semi-statically selects only time domain resource, and select frequency resource block based on the generated data packet. The details on how semi-persistent resource selection supports flexible data packet size can be FFS. 
3.  Collision avoidance
In TR 36.885, collision avoidance is described as following:
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Different options have been proposed on how collision avoidance works for V2V communication. Based on different UE resource selection assumptions, the collision avoidance solution can be generally categorized as below:
1) Collision avoidance for independent resource selection
With independent resource selection, UE can only achieve resource occupation information on current data (re)transmission by reading other UE’s SA transmission. If SA reception fails or SA collision happens, collision avoidance would fail. If SA and data are transmitted in the same subframe and there is no data retransmission, collision avoidance cannot work. In addition, the collision on SA transmissions cannot be avoided. 
2) Collision avoidance for semi-persistent resource selection
With semi-persistent resource selection, UE can predict resource selection of future data transmissions by reading other UEs’ SA transmission. In addition, UE can predict interference within different resource by sensing the receiving energy on different resource blocks. Collision avoidance can be applied to both SA and data transmission.
Therefore, we propose:

Proposal 2: At least collision avoidance for semi-persistent resource selection should be supported.

In the following context, our discussion will focus on collision avoidance for semi-persistent resource selection. We give our analysis and opinions on FFS items as below:
Identifying occupied and/or collided resources
For collision avoidance, a UE needs to monitor the resource usage of other UEs nearby to avoid selecting the same resource. There may be multiple options for UE identifying occupied resources:
Alt 1: Energy sensing
· A UE may identify a resource to be occupied or not by sensing the receiving signal strength on the resource. The decision may be in a hard way, i.e. a threshold is set beyond which the resource is assumed to be occupied, or in a soft way, e.g. the threshold is set dependent on the minimum receiving signal strength.
Alt 2: Reading other UEs SA/data broadcasting
· The time freq. resource usage of UE can be broadcasted by the scheduling assignment or together with data broadcasting. A UE can obtain theses information when receiving the SA or data broadcasting from other UE. 
For alternative 1, UE can identify not only which resource is occupied but also how much severe interference may be on each resource. However, UE implementation complexity may be high if frequency domain energy detection is requested. In additional, assuming semi-persistent scheduling, the UE cannot obtain the information on the resource occupation period and duration by energy detection. 

For alternative 2, if needed, UE can easily obtain additional reservation information e.g. period, Freq. domain resource usage, updating duration, etc. However, UE may not be able to correctly receive the information if collision of SA or data messages already happens. Further, only with received information, UE may not have the information on interference level of each occupied resource. More importantly, if UE achieves occupation information from reading SA only, hidden terminal problem may greatly reduce the performance of collision avoidance.

Therefore, it may be advantageous to combine the benefit of the two alternatives. UE obtains the occupied time & freq. resource information from broadcasted SA messages. On the other hand, measurement is also performed to identify collisions and estimate the interference level on the occupied resources. The details of measurement can be FFS.

Proposal 3: For resource occupation detection, it is beneficial to obtain occupation information on both time frequency position and interference level. 
Resource selection and MCS
UEs should try to select the resource that is not occupied by other UEs. However, given limited number of resources, a UE may need to select the resource that is less interfered. On the other hand, for UE autonomous resource selection, to avoid that the same resource is selected simultaneously by UEs near to each other, some resource selection randomization can be introduced.

Due to half duplex and spatial resource reuse, it will be more beneficial if UE select the least interfered resource in a TDM first way, that is, UE firstly selects the subframe, and then select the freq. domain position in the subframe.
It can be observed that the performance of TDM first resource selection is much better [3]. To perform time-domain first resource selection, UE may measure only the overall interference in a given subframe but do not need to measure every potential sub-band in the subframe. Therefore, we propose:
Proposal 4: UEs should be able to at least measure the overall interference on a given subframe.
Resource reselection

Due to UE mobility, the interference status experienced by each UE changes as time goes on. UE needs to update the resource selection when the interference changes. UE may reselect the resource according to the time, location updating, and/or eNB controlling.

In addition, if a UE detects collision in the resource used by its transmission, the UE may need to reselect the resource to avoid the collision.
Proposal 5: UE should reselect the resource if the interference environment changes, eNB controls or collision with transmissions from other UEs is detected.

Signaling from eNB or other UEs

Even UEs may autonomously select the resource similar as Mode 2 resource selection in D2D, some resource selection parameters should be controlled by the NW or eNB if the UEs are in NW coverage, e.g. UE reselection period, maximum message transmission rate, etc.
4. eNB scheduling

By eNB scheduling, the collision among UEs within the same cell or under the same eNB coverage can be controlled. Therefore, it is expected that eNB scheduling can also improve the performance of V2V communication. Another motivation of eNB scheduling is for the scenario when V2V co-exists with Uu. eNB scheduling enables flexible resource sharing with uplink and efficient resource allocation which handles limitation due to UE capability on simultaneous operation of Uu and PC5. 
In Rel-12/13 D2D communication, dynamic eNB scheduling is supported. However, dynamic eNB scheduling may not be as efficient in V2V scenario. The density of vehicle UEs can be much higher than that of D2D UEs in D2D communication. There would be larger number of RRC_connected UEs and increased signalling cost to support dynamic scheduling for V2V communication, compared with Mode 1 communication for D2D communications.  
In Rel-12 D2D discovery, Type 2B discovery is supported as discovery messages are periodically transmitted. Similar as D2D discovery message, V2V communication information is also periodically transmitted. Therefore, it would be efficient to consider semi-persistent scheduling for V2V communication as well. 
Therefore, we propose:
Proposal 6: eNB semi-persistent scheduling for V2V communication should be supported

UE may also report UE specific information to eNB to assist eNB scheduling. For example, UE location information can be provided. The performance of eNB scheduling can be further improved given more UE specific information. 
For UEs located within the coverage of different eNBs, without eNB coordination, there is still possibility that the same resource is assigned which may cause interference. Although eNB coordination may be helpful, the complexity may be high. Further investigation on inter-cell interference randomization or cancellation may be needed. For example, a UE may report the occupied and/or preferred resource information together with scheduling request to eNB for scheduling assistance.
Proposal 7: UE can report UE specific information to assist eNB scheduling.
For semi-persistent scheduling, specific transmission resource allocations in the frequency domain, and transmission attributes such as the modulation and coding scheme, are signaled using the PDCCH. Reconfiguration of resources used for persistent scheduling can be performed when there is a transition between a silent period and talk spurt, or when the codec rate changes. However, dynamic reconfiguration of resources may not be needed for V2V communications, especially for activation/deactivation of SPS. RRC based resource allocation without dynamic signaling may be preferred to avoid additional BSR/SR and to achieve a good balance between efficiency and signaling overhead.
Proposal 8: RRC based resource allocation without dynamic signaling may be preferred
Similar as the discussion in section 2, eNB semi-persistent scheduling for V2V should also support flexible data packet size. Following options can be considered to adapt to the potential packet size change among transmissions:
Alt 1: UE has flexibility to select MCS 

UE may select suitable MCS so the data packet can fit into the resource block. However, for large packet size, the PRR performance would be degraded due to higher MCS value. Further, MCS flexibility may not be always feasible especially when the packet size is very large but the resource block size is small.

Alt 2: eNB resource allocation with different packet size and different period

If V2V traffic pattern is predictable and can be learn by eNB, e.g. by UE report or from ITS server, eNB can flexibly allocation resource blocks with different packets and corresponding period so the resource blocks can fit V2V traffic pattern.

Alt 3: eNB resource allocation with flexibility on frequency domain
eNB may semi-persistently allocate resource in time domain, and UE is allowed to do autonomous resource selection on frequency domain. It is expected that the combination of eNB resource allocation and UE autonomous resource selection can achieve the balance between collision avoidance and flexibility.
5. Conclusion
In this contribution, the enhancements on UE autonomous resource selection, collision avoidance and eNB scheduling for V2V communication are discussed. Based on the discussion, we have the following proposals:

Proposal 1: Semi-persistent resource selection should be supported for autonomous resource selection in V2V communication
Proposal 2: At least collision avoidance for semi-persistent resource selection should be supported.

Proposal 3: For resource occupation detection, it is beneficial to obtain occupation information on both time frequency position and interference level. 
Proposal 4: UEs should be able to at least measure the overall interference on a given subframe.
Proposal 5: UE should reselect the resource if the interference environment changes, eNB controls or collision with transmissions from other UEs is detected.
Proposal 6: eNB semi-persistent scheduling for V2V communication should be supported
Proposal 7: UE can Report UE specific information to assist eNB scheduling.
Proposal 8: RRC based resource allocation without dynamic signaling may be preferred
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For enhancement to UE autonomous resource selection, collision avoidance based on sensing (P1), enhanced random resource selection (P2), and location-based resource selection (P3) are shown to provide gain when each of them is evaluated individually. 


RAN1 observes potential benefit of UE reporting its observation on the radio environment of PC5 carrier and/or its location to help eNB scheduling. However, the uplink signaling overhead, handover issue, burden caused by the increased number of RRC_Connected UEs have not been evaluated.





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
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