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Agreements: 
· 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.
· Further discussion is needed to identify whether operating a combination of the principles provides more gain than operating an individual principle.
· It is understood that a combination of P1 and P2 is possible at least in the following example:
· In resource selection, a UE by sensing excludes the resources that will be occupied by other UEs, and the enhanced random selection applies to the remaining resources.
· It is understood that a combination of P1 and P3 is possible at least in the following example:
· Subsets of resources are associated with sets of UE location, and a UE performs P1 in the subset which is associated with its current location.
· It is understood that a combination of P2 and P3 is possible at least in the following example:
· Subsets of resources are associated with sets of UE location, and a UE performs P2 in the subset which is associated with its current location.
· Details FFS
In RAN#70 a WI, support for V2V services based on LTE sidelink was approved [1]. 
The detailed objectives related to resource allocation are as follows:
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) [RAN1, RAN2]

In this contribution, we discuss UE autonomous resource allocation mechanism for PC5-based V2V.  
Discussion
In V2X SI, it is concluded that it is feasible to support V2V services based on LTE PC5 interface with necessary enhancements. 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. Regarding its combinations of these three resource allocation schemes, all combinations can be beneficial and deserved to be specified. We discuss specification issues on each resource allocation principle. 
Collision avoidance based on sensing: For collision avoidance based on sensing, the details of UE behaviour for sensing can be specified. For example, other UE’s SA reading and energy sensing can be utilized to determine resource occupation of a certain resource. In case of energy sensing, measurement accuracy should be further studied. A UE reads other UE’s control information (SA) in order to avoid using the same resource for its transmission. As a UE anyway needs to blindly detect other UEs’ control information for message receptions, impact on the UE implementation would not be a big problem in introducing such a collision avoidance scheme. When resource sensing is applied, resource reservation that reserves resources in next several message generation periods can be supported. However, if same resources are continuously reserved, the UE may suffer from half duplex problem or contiguous resource collision. Therefore, the resource reservation should be possible to turn off. For example, SA can include one bit indicator for resource occupation or release. When resource reservation is supported, message size variation should be taken into consideration. For example, in a certain message generation period, if the message size of a UE is 190 byte, then the UE reserves several resources in next message generation period based on 190 bytes, but the reserved resource cannot be used if the UE should transmit 300 bytes in next message generation period. 
When a UE reselects resource due to the release of reserved resource or turning off resource reservation by network indication, collision avoidance mechanism can supported by the random backoff or many-to-one association of SA and data pools as discussed in our companion contribution [2]. When resource is reserved in next message generation period, half duplex hopping can be supported. For example, a UE can reserve some resources in next message generation period which is not the same resource in current message generation period. The resource hopping pattern can be selected by SA ID, so receiver UE can expect which resource will be used for next message generation period. This can be interpreted as resource randomization. In other words, to resolve half duplex constraint in resource reservation, resource reservation can be combined with resource randomization. 
Proposal 1: collision avoidance can be based on SA reading. 
Proposal 2: “Resource reservation” can be supported with the following:
· It should be possible to turn off the resource reservation. For example, SA can include one bit indicator for resource occupation/release.
· Collision avoidance can be supported even when the resource reservation is off, e.g., by the random backoff or many-to-one association of SA and data pools.
· When the reservation is on, FFS
· How to resolve the half duplex problem
· How to handle the message size variation

Enhanced resource randomization: In rel. 12 D2D, randomization is a basic principle. Time and frequency resources are randomly selected by UE (in Mode 2) and there are 108 time resource patterns (T-RPTs) in FDD. In PC5 based V2V, time and frequency resource collision can be a more serious issue because packet size is increased and there is a large number of UEs in target coverage in dense UE deployment scenario such as urban. One possible enhancement is to increase the number of T-RPTs. As captured in TR36.885, increasing the number of time resource patterns can be a support of enhance randomization. However, new T-RPT design may have significant specification impact as well as signalling overhead for each UE. Therefore, it is desirable that randomized T-RPT repetition can be a potential solution for enhanced randomization. If T-RPT index is randomly hopped not simply repeated, and can create a more patterns. Let us consider N=8 and k=1 T-RPTs. There are 8 patterns. However, if random hopping is applied for 4 times, 4096 patterns can be made. To reduce signalling overhead, T-RPT hopping pattern can be based on SA ID. This T-RPT hopping can also be used to resolve the half duplex problem in resource reservation. For example, a UE reserve resource in next message generation period, predetermined T-RPT hopping can be applied. 

Observation 1: T-RPT index hopping within a SA period can increase the number of resource patterns. 
Observation 2: T-RPT hopping can be applied in resource reservation to resolve half duplex problem. 
Proposal 3: For enhanced randomization, T-RPT hopping can be supported. The hopping pattern can be selected by SA ID. 
Proposal 4: T-RPT hopping can also be applied across message generation period when resource reservation is supported. 

Location based resource selection: Location based resource allocation can have performance gain regardless of resource allocation methods; centralized vs. distributed or sensing vs. randomization. V2V operations are basically location dependent and the optimal radio parameters such as transmission power, repetition number, carrier sensing threshold and so on are also location dependent. If the vehicle intensity/speed is different across vehicle directions/lanes, different interference level may be observed across different vehicle directions/lanes and the optimal radio parameters will be different. We note that the principle of location based resource allocation is independent of the selection between sensing vs. randomization. 
Another reason of having performance gain for location based resource selection is the mitigation of inband emission interference. Fig. 1 illustrates an example of resource pool adaptation scheme in an intersection area. In the agreed channel model for PC5-based V2V evaluation, the pathloss will be changed from LOS to NLOS when turning around corner. In this figure, most of UEs in UE group A will have NLOS channel for UEs in UE group B. However, the pathloss between UEs in the same group will be LOS. This means significant reception power difference will be observed if UE group A and B use same resource pool. Due to the large reception power difference, the weak signals (different group UE’s signal) can be suffered from in-band emission interference of the strong signals (same group UE’s signal). To solve this issue, TDMed resource pool partitioning between different UE groups can be considered as illustrated in this figure. eNB or RSU can configure the boundary to apply the resource pool adaptation. Note that similar inband interference mitigation effect in straight road can be obtained. We can consider TDMed resource pool in straight road as illustrated in Fig. 2. In this figure, the signal strength of received signals can be similar at a receiver UE perspective since closely located UEs use same resource pool. 
At last, as discussed in [3], location based resource selection can be beneficial in terms of pedestrian UE power saving. 
Observation 3: Location based resource selection can be benificial for following reasons
1) Location dependent radio parameter control
2) Inband emission interference mitigation 
3) Pedestrian UE power saving

Proposal 5: RAN1 assumes that high-layer selects the resource pool relevant for transmission at a given time based on the UE location.
Proposal 6: Send LS to RAN2/SA2 to ask to make high-layer signalling mechanism to support location based resource selection
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Fig. 1 An example of transmission resource pool adaptation in an intersection area
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Fig. 2 TDMed resource pool partitioning method for freeway case






Conclusion
We discussed UE autonomous resource allocation mechanism for PC5-based V2V. Based on the discussions, the following observations and proposals were made:
Proposal 1: collision avoidance can be based on SA reading. 
Proposal 2: “Resource reservation” can be supported with the following:
· It should be possible to turn off the resource reservation. For example, SA can include one bit indicator for resource occupation/release.
· Collision avoidance can be supported even when the resource reservation is off, e.g., by the random backoff or many-to-one association of SA and data pools.
· When the reservation is on, FFS
· How to resolve the half duplex problem
· How to handle the message size variation

Observation 1: T-RPT index hopping within a SA period can increase the number of resource patterns. 
Observation 2: T-RPT hopping can be applied in resource reservation to resolve half duplex problem. 
Proposal 3: For enhanced randomization, T-RPT hopping can be supported. The hopping pattern can be selected by SA ID. 
Proposal 4: T-RPT hopping can also be applied across message generation period when resource reservation is supported. 
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Observation 3: Location based resource selection can be benificial for following reasons
1) Location dependent radio parameter control
2) Inband emission interference mitigation 
3) Pedestrian UE power saving

Proposal 5: RAN1 assumes that high-layer selects the resource pool relevant for transmission at a given time based on the UE location.
Proposal 6: Send LS to RAN2/SA2 to ask to make high-layer signalling mechanism to support location based resource selection
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