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Introduction
In Release 14 specification work for V2V, a new eNB scheduling mode (Mode 3) is introduced for PC5 based sidelink communication to support deployment configuration 2 [1], where scheduling of PC5 resources and interference management of V2V traffic on a dedicated ITS carrier is assisted by eNBs via control signalling over the Uu interface in a dynamic manner (a.k.a sidelink cross carrier scheduling).
Under the on-going Release 14 specification work for V2X, it is understood further deployment scenarios should be supported including PC5-based V2X over cellular serving cell’s UL carrier/subframes. In this case, the existing Mode 1 operation or the newly introduced Mode 3 should be applicable to support this deployment configuration.
In the updated WID for Release 14 V2X [2], one new objective carried over from the V2V work is to enhance “congestion control for PC5-based V2X including load balancing across multiple carriers”. In a companion contribution [3], we provided discussions on congestion measurement metric and possible congestion control mechanisms under distributed scheduling mode (Mode 4) in different operating scenarios. In this contribution, we discuss possible congestion control schemes under new eNB assisted scheduling mode (Mode 3).
Congestion control under eNB scheduling mode
It is generally understood, while under eNB control and scheduling, transmission collisions and interference can be fully managed and minimised by the eNB. However, as V2X traffic and/or WAN UL traffic on the serving cell increases, capacity on the UL carrier/subframe or on a single dedicated ITS carrier to carry all these traffics may not be sufficient, and hence congestion control measures would be necessary.
· When V2X is operating on the serving cell UL carrier/subframes, the serving eNB is fully aware of resource utilisation rate (RUR) of Mode 3 resource pool. Together with UE location reports, eNB can dynamically schedule Mode 3 resources to minimise transmission collisions and interference. If necessary, eNB can further adjust transmission parameters for UEs (e.g. reduce TX power and transmission rate) within a certain geographical location. However, link level performance/coverage area may be degraded.
Observation 1: When V2X is operating on the serving cell UL carrier/subframes, eNB is fully aware of resource utilization rate of Mode 3 resource pools and will be able to adjust transmission parameters individually (e.g. reduce TX power and transmission rate) within a certain geographical location to minimise transmission collisions and interference. However, link level performance/coverage area may be degraded.
· On the other hand, the eNB cannot be fully aware of RUR of Mode 4 pool(s) if such measurement is not reported from UEs. If Mode 3 resource pool is heavily congested, eNB should be able to offload its traffic to other resource pools (Mode 4 pools) that is less congested and/or to reconfigure Mode 3 and Mode 4 pool size appropriately to accommodate all UEs. Therefore, it is propose to report RUR of Mode 4 pool(s) when configured or triggered by eNB for traffic offloading from Mode 3 to Mode 4 and/or to reconfigure resource pools.
Proposal 1: When V2X is operating on the serving cell UL carrier/subframes, Resource Utilisation Rate (RUR) measurement on Mode 4 resource pools (if any) should be reported when configured or triggered by eNB for traffic offloading from Mode 3 to Mode 4 and/or to reconfigure resource pool sizes.
· Sometimes, full traffic offloading of UEs is not necessary and it may take some period of time to do such reconfiguration to switch UEs from Mode 3 operation to Mode 4. So it may be worthwhile to consider some kind of dynamic offloading or partial offloading, where eNB can indicate/instruct UEs to directly utilise Mode 4 resource pool(s) for cross-mode scheduling of either both transmissions of a data TB (full-offloading) or only the 2nd transmission of a data TB (partial-offloading).
· When V2X is operating on dedicated ITS carriers, similar traffic congestion on Mode 3 resource pools could also occur. Therefore, equivalently, the cross-mode scheduling can be also applied to operating scenario where V2X is operating on dedicated ITS carriers. Or even from one carrier to another carrier as a solution to load balancing between multiple carriers.
Proposal 2: To support cross-mode scheduling for dynamic traffic offloading from Mode 3 to Mode 4 resource pools on the same carrier or different carriers for load balancing / traffic offloading.
Conclusion
In summary, we observe and propose:
Observation 1: When V2X is operating on the serving cell UL carrier/subframes, eNB is fully aware of resource utilization rate of Mode 3 resource pools and will be able to adjust transmission parameters individually (e.g. reduce TX power and transmission rate) within a certain geographical location to minimise transmission collisions and interference.
Proposal 1: When V2X is operating on the serving cell UL carrier/subframes, Resource Utilisation Rate (RUR) measurement on Mode 4 resource pools (if any) should be reported when configured or triggered by eNB for traffic offloading from Mode 3 to Mode 4 and/or to reconfigure resource pool sizes.
Proposal 2: To support cross-mode scheduling for dynamic traffic offloading from Mode 3 to Mode 4 resource pools on the same carrier or different carriers for load balancing.
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