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1 Introduction

RAN plenary #75 approved a work item for 3GPP V2X Phase 2 to support advanced V2X services [1] as identified in SA1 TR 22.886. The following topics are part of the detailed objectives of this work item:

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: [RAN1, RAN2, RAN4]

a) Carrier aggregation (up to 8 PC5 carriers);

b) 64QAM;

c) Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;

d) Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;
In this contribution, we discuss some RAN2 aspects of radio resource pool sharing between UEs using mode 3 and UEs using mode 4. 

2 Discussion 
For UEs using mode 3 the sidelink resources are scheduled by eNB, which can ensure there is no resource collision between mode 3 UEs. For UEs using mode 4, each UE autonomously finds the resources available for its transmissions based on sensing of SCI sent by other UEs. The resource reservation field in SCI format 1 indicates the resource blocks being reserved for the current transmission or for a future transmission, which contributes to the determination of resource availability by the mode 4 UEs. Resource collision may occur between mode 4 UEs. 

In principle, the network could configure either a separate (i.e. non-overlapped) or a shared (i.e. (partially) overlapped) resource pools for mode 3 and mode 4. A separate resource pool has the disadvantage of inefficient use of the system resources. A shared resource pool, on the other hand, allows for more efficient use of system resources as the resources can be more dynamically shared. 
Observation 1 A mode-3/mode-4 shared resource pool allows more efficient use of system resources. 
With shared resource pool, however, potential coexistence issues between the two modes may occur. This is because eNB does not know what Tx resources are selected by mode 4 UE(s), therefore the eNB may schedule mode 3 UE(s) in Tx resources selected by mode 4 UE(s), in which case collision will occur, and performance of both mode 3 UE and mode 4 UE will suffer.  

Observation 2 Shared resource pool may lead to collision between mode 3 UEs and mode 4 UEs. 
Therefore, we believe it is worth configuring the shared resource pool only if we could find mechanisms to mitigate the coexistence issues. Rel. 14 V2X, for example, does not include any optimized mechanism that can handle the coexistence issues between mode 3 UE and mode 4 UE in case shared resource pool is configured.
Observation 3 Rel. 14 V2X does not include any optimized mechanism to handle coexistence between mode 3 and mode 4 in the same pool. 
In Rel.15, in order to mitigate collision issues and at the same time capitalize on a more efficient sidelink spectrum utilization, it is proposed to introduce certain enhancements to handle the coexistence of mode-3 UEs and mode-4 UEs on the same pool. 
To avoid backward compatibility issues, such enhancements will affect Rel.15 UEs operations. In particular, two possible enhancements could be considered:
· Currently for mode 3 transmissions the resource reservation field in SCI format 1 is always set to zero, even when the UE is configured by the network with SPS. As a result, mode 4 UEs will not be able to learn about mode 3 UEs’ intention of resource utilization if they share the same resource pool. One simple enhancement is to activate the resource reservation field in SCI format 1 for mode 3 UEs, i.e. If mode 3 UE is scheduled with SPS, set the field according to the actual SPS configuration. This type of enhancement has also the benefit of being completely transparent to Rel-14 UEs, since the resource reservation field is already present in the Rel.14 SCI format 1.
· As eNB allocates resources to mode 3 UEs without knowing the outcomes of mode 4 resource selection, it is reasonable to protect resources for mode 3 UEs from being occupied by mode 4 UEs when possible, i.e. giving higher priority to mode 3 UEs. A simple solution would be adding a “mode” indicator to the SCI format 1 (e.g. using one of the reserved bits) so that mode 4 UEs exclude the resources reserved by mode 3 UEs from the list of available resources regardless of their packet priority. 

Both proposals seem worth pursuing to achieve better coexistence in case of mode 3/mode 4 shared pools.
Proposal 1 Resource reservation field in SCI format 1 is used not only by mode-4 UEs (as in Rel-14), but also by mode-3 UEs configured with SPS.
Proposal 2 A “mode indicator” field is introduced in SCI format so that mode 4 UEs exclude the resources reserved by mode 3 UEs from the list of available resources regardless of packet priority.
The above solutions obviously do not solve the issue of a mode-4 UE and a mode-3 UE which simultaneously select the same resource. In such case, these UEs would not realize that they are colliding due to the half-duplex constraint and persistent collisions will occur until resource reselection is performed by mode-4 UEs. We note that this issue is not strictly related to this new pool sharing feature, since also mode-4 UEs can incidentally select same set of transmitting resources. 
One straightforward solution to mitigate this issue is to shorten the resource reselection counter which determines the number of transmissions the UE should perform before performing a resource reselection. In legacy, the resource reselection counter is randomly selected by the UE from different set of values which in turn depend on the resource reservation interval. In some cases, the selected value of resource reselection can be very high (up to 75) thereby potentially increasing the time of collision. 
Proposal 3 Introduce (pre)configuration of shorter values for the resource reselection counter, in order to mitigate the issue of persistently colliding transmissions. 
3 Conclusions

In section 2 we made the following observations:
Observation 1
A mode-3/mode-4 shared resource pool allows more efficient use of system resources.
Observation 2
Shared resource pool may lead to collision between mode 3 UEs and mode 4 UEs.
Observation 3
Rel. 14 V2X does not include any optimized mechanism to handle coexistence between mode 3 and mode 4 in the same pool.

Based on the discussion in section 2 we propose the following: 
Proposal 1
Resource reservation field in SCI format 1 is used not only by mode-4 UEs (as in Rel-14), but also by mode-3 UEs configured with SPS.
Proposal 2
A “mode indicator” field is introduced in SCI format so that mode 4 UEs exclude the resources reserved by mode 3 UEs from the list of available resources regardless of packet priority.
Proposal 3
Introduce (pre)configuration of shorter values for the resource reselection counter, in order to mitigate the issue of persistently colliding transmissions.
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