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Introduction
The 3GPP RAN work item “V2X phase 2 based on LTE” contains the following objective (RP-171740):
1.      Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs:
…
d) Radio resource pool sharing between UEs using mode 3 and UEs using mode 4

At the most recent RAN1 meeting, R1#92, the following agreement was reached:

Agreement: 
· Rel-15 Mode 3 UEs shall set the resource reservation field in SCI-1 to the SPS period. 



Discussion

Background and Motivation
Up to now sharing a V2X resource pool between mode 3 and mode 4 has not been explicitly supported; a resource pool was intended either for mode 3 only or for mode 4 only.
Let us first examine the motivation and relevant scenarios for this new objective:
A possible motivation for this new objective is that in a deployment it may be required to support both mode 3 and mode 4 transmissions, e.g. in the following scenarios:
· some UEs only support mode 3 (capability parameter v2x-eNB-Scheduled-r14 is set, while ue-AutonomousWithFullSensing-r14 is not set) and some UEs only support mode 4;
· at the boundary of network coverage, the UEs inside network coverage can use mode 3, while those UEs outside network coverage can only use mode 4;
· UEs with a subscription with a mobile network operator can use mode 3, while those UEs without such a subscription can only use mode 4.

One option to support both modes is to use separate and non-overlapping resource pools, that is one pool dedicated to mode 3 and another pool dedicated to mode 4; but this has some drawbacks:
· it may be difficult to dimension the separate pools correctly; this may lead to resource fragmentation, it may happen that one pool is overloaded while the other pool is underutilized.
· the resource pool configuration is semi-static; reconfiguring the pools to adjust their sizes to the current load situation is not possible in real time.


Challenges
Sharing a resource pool between mode 3 and mode 4 transmissions poses some new challenges:
1. The eNodeB is not aware of the resources occupied by mode 4 transmissions, hence cannot avoid allocating the same resources, resulting in resource collisions between mode 3 and mode 4 UEs. This applies for both the case of semi-persistent scheduling and the case of dynamic scheduling by the eNodeB.



Possible Solutions

 Remaining Problems
Even with the agreement on mode-3 UEs using SPS setting the resource reservation field, the problems are not solved completely:
· Persistent collisions between an R15 UE using mode 3 SPS and a mode 4 UE will still take longer to resolve than equivalent collisions between two mode 4 UEs would take: in the case of two mode 4 UEs colliding, the persistent collision will be resolved when either of the mode 4 UEs performs resource reselection; while in the case of a mode 3 UE and a mode 4 UE the persistent collision will be resolved only when the mode 4 UE performs resource reselection.
· Collisions between mode 4 TX and mode 3 TX with dynamic scheduling are not addressed.
· Collisions between mode 4 TX and R14 mode 3 TX with SPS are not addressed (however, RAN2 agreed to “Not support resource pool sharing between Rel-14 mode-3 and Rel-15 mode-4 UE”, so this may not be considered a problem).


 Dynamic Pool Partitioning
One way to view the problem is that selection of resources in the shared pool is performed by both the eNB and mode 4 UEs, and the eNB is not aware of the resource selected by mode-4 UEs while the mode-4 UEs have only limited knowledge about allocations performed by the eNB.
One solution is to partition the shared resource pool dynamically between mode 3 and mode 4 UEs:
If the current partitioning is known to both the eNB and the R15 mode 4 UEs then collisions between mode-3 UEs and R15 mode-4 UEs can be avoided. The partitioning needs to be dynamic, otherwise there would be no benefit compared to semi-statically configuring separate pools.
E.g. in ‎[3], a “hard” dynamic partitioning is proposed, in which one portion of the shared resource pool is exclusively for mode-3 UEs, while the other portion is exclusively for mode-4 UEs. 
Such hard dynamic partitioning would work perfectly under the following assumptions:
· the eNB is aware of the current and future resource needs of all classes of resources users (both mode 3 and mode 4 UEs);
· updates to the partitioning can be propagated and acted on without delay by all resource users and any change of resources as result of such an update has no adverse impact.
The eNB is of course aware of the current resource needs of the mode-3 UEs which it is scheduling; however, it is not aware of the resource needs of the mode-4 UEs, nor can it predict the future needs of the mode-3 UEs. 
This leads to a problem when the eNB decides on the exact partitioning between mode 3 and mode 4:
Should the eNB make the subpool for mode-3 UEs as close as possible to the current needs of the mode-3 UEs? 
· If yes, that will lead to frequent updates of the partitioning as the resource needs of the mode-3 UEs vary over time.
· If no and the eNB makes the subpool for mode-3 UEs larger than the current needs so that a future increase in mode 3 resource needs can be accommodated without update of the partitioning: Then some resources in the mode 3 subpool will remain unused and are hence wasted.

Frequent update of the resource boundary for the hard partitioning will have the following drawbacks:
· signalling overhead;
· delay in propagating the update to mode-4 UEs which are outside coverage;
· if the mode-4 portion shrinks then the mode-4 UEs which are currently using resources now being reallocated to mode 3 will need to perform simultaneous resource reselections, which can lead to persistent collisions among these mode-4 UEs.
It may hence be beneficial to consider “soft” dynamic partitioning:
Soft partitioning means that instead of assigning some resources exclusively to mode 3 or exclusively to mode 4, a probability distribution can be defined, such that some resources are preferentially (with higher probability) used for mode 3, some preferentially for mode 4. The benefit is that it is then less critical for the eNB to get the partitioning exactly right.
[bookmark: P_SoftDynamicPartitioning]Proposal 1: Consider soft dynamic partitioning of the shared resource pool.


Conclusions
In this contribution we discussed the objective of Radio resource pool sharing between UEs using mode 3 and UEs using mode 4 and make the following observations and proposals:
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Proposal 1: Consider soft dynamic partitioning of the shared resource pool.
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