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Introduction
In RAN1#82bis, potential enhancements to resource allocation were discussed. It was agreed that enhancements to R13 sidelink resource allocation are necessary for PC5-based V2V. It was further agreed to study several resource allocation principles, including network control aspects, resource pool, scheduling assignment, resource selection and structure, differentiation based on higher layer properties, and transmission power control.
This contribution discusses potential improvements on some of the above resource allocation aspects from the perspective of meeting requirements for PC5-based V2X, taking R12 D2D as a starting point and considering enhancements to be introduced as part of R13 D2D.
Latency and power saving
The problem of meeting the more stringent latency requirements of certain V2X messages (i.e., event-triggered messages) has been identified by several companies. The latency over PC5 comprises a first component (access latency) corresponding to the time until the next opportunity for transmitting the scheduling assignment (SA) and a second component (transmission latency) corresponding to the time required to initiate and perform the transmission within the data pool. Starting from this framework, different approaches can be envisioned to reduce the PC5 latency:
· Reducing the scheduling period;
· Decoupling the SA pool from the data pool to allow use of separate SA pool for delay-sensitive traffic [1];
· Allowing use of multiple overlapping resource pools offset in time to reduce the access latency [2];
· Defining a single pool for SA and data and combine SA and data into single transmission [1].

It should also be noted that prioritization functionality introduced as part of R13 D2D may facilitate some of these options since multiple pools are introduced to support multiple priorities.
One benefit of the R12 design defining separate pools for SA and data is the opportunity for battery saving (DRX) when a device does not decode a scheduling assignment indicating that data needs to be received for the upcoming scheduling period. In the case of V2X, some devices can be expected to have access to unlimited power supply thus it could be argued that battery saving is as relevant a requirement as it was in the R12 D2D use case. However, it should also be kept in mind that some devices, such as those carried by pedestrian users, do not benefit from unlimited power supply. Thus we think that possibilities for DRX should still be considered in balance with latency for the design of V2X. Clearly, not all of the approaches outlined in the above would provide significant possibilities for DRX.
Proposal 1: V2X design should still provide opportunities for DRX in consideration of pedestrian users.
· As a baseline, maintain separate SA pool(s) not occupying all resources in time domain.
Interference
The probability of successful reception within a certain range of the transmitter can be maximized if the resources used by all devices are selected taking into account their mutual interference. More specifically, one can distinguish two types of interference:
a) Co-channel (or co-resource) interference, which arises when two devices (A and B) transmit over the same resource in both time and frequency domain. 
b) In-band emissions, which arises when two devices (A and B) transmit over the same resource in the time domain but adjacent resources in frequency domain.

In both cases, reception of a message at device C from one of the devices (say A) in the vicinity of the other device (say B) is likely to fail. Managing co-channel interference can be realized using listen-before-talk schemes, in which the resource selection is performed based on either direct measurements over the resources used for transmission or on resource information decoded from scheduling assignments from other devices. Generally speaking, a resource is selected for a device in such a way that conflict is minimized with already used resources. This type of scheme can be supplemented by assistance from other devices when the two colliding devices do not detect that they are using the same resource [3].
The interference from in-band emissions generated from one device is less intense than the co-channel interference (at the same distance), but potentially affects a larger number of transmissions, i.e. any transmission utilizing the same time-domain resource as the interfering transmission. For sufficiently large disparity between the path losses to the interferer and to the desired transmitters, reception performance can degrade significantly despite the additional isolation provided by the use of different RB’s. For this reason, it has been suggested to use a location-based allocation scheme where resources are partitioned in the time domain [4]. The effect of this zoning scheme is to coordinate the resources used by UE’s in the same vicinity such that they transmit in the same time-domain resources and thus keep some time-domain resources free from in-band interference. It should be noted that the selection paradigm is somewhat opposite to what is done to minimize co-channel interference, in the sense that the objective is now to maximize, rather than minimize, overlap between time-domain resources used by neighboring devices.
A zoning scheme can be supported by use of geographic location information such as GPS. As such it can be considered attractive when devices are in vehicles where the information is normally readily available. On the other hand, there are some limitations associated with relying on location information. For example, radio proximity is imperfectly correlated with geographic proximity due to the presence of obstacles in the environment. There may also be scenarios where location information is not available. For these reasons we think it is worth investigating coordination schemes for avoidance of in-band emissions that are supported by direct detection of the set of time resources used by devices in proximity, rather than geographic location. The mechanisms used to support such direct detection can potentially also be used for the purpose of minimizing co-channel interference for further gains. For example, one approach could be to gather information on used time-domain resources from scheduling assignments received with relatively high signal strength, and select a time-domain resource based on this information.
Proposal 2:
Study coordination techniques for the minimization of in-band emissions based on direct detection of the set of time resources used by devices in proximity.
Congestion management
The traffic intensity of V2X transmissions may increase to a point where reception performance degrades significantly due to interference, despite the application of resource selection techniques. Such situations, once detected, can be mitigated at different levels, such as:
· By prioritizing V2X traffic based on criticality or importance. The prioritization scheme could potentially reuse enhancements introduced as part of R13 eD2D WI, i.e. based on the introduction of pool-specific priorities;
· By reducing offered traffic from the application layer;
· By adapting some characteristics of V2X transmissions to relieve congestion.

The latter mitigation technique would involve adaptation at the physical layer. One example of mitigation would be to decrease the number of HARQ repetitions for each transport block and/or the transmission power, potentially trading off maximum range for improved success rate within a smaller range where reception criticality might be more important (e.g. in case of a pre-crash sensing warning).
Proposal 3:
Study congestion management techniques based on prioritization and/or physical layer adaptation of V2X transmissions.
Conclusions
This contribution discussed potential improvements on resource allocation from the perspective of meeting requirements for PC5-based V2X. The following proposals are made:
Proposal 1: V2X design should still provide opportunities for DRX in consideration of pedestrian users.
· As a baseline, maintain separate SA pool(s) not occupying all resources in time domain.
Proposal 2:
Study coordination techniques for the minimization of in-band emissions based on direct detection of the set of time resources used by devices in proximity.
Proposal 3:
Study congestion management techniques based on prioritization and/or physical layer adaptation of V2X transmissions.
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