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1. Introduction

This is a revision of R1-1719980.

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

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 how to support resource pool sharing between mode 3 and mode 4 UEs. Different scenarios and different kinds of UEs, such as V-UE and P-UE which has partial or no sensing capability, are considered. 
2. Discussion
2.1. Some limitations in resource pool sharing

In Rel-14 mode 3, the resource reservation field is set to 0. That can work in Rel-14 in which the resource pool for mode 3 and mode 4 are different. For mode 3 UE, the transmission resource is allocated by eNB, which can coordinate all the resource within mode 3 resource pool so that there can be no transmission collision among mode 3 UEs. 

Because the reservation field is set to 0, it cannot be sensed and predicted by mode 4 UE. That makes the resource pool sharing between mode 3 and mode 4 more difficult.
Observation 1: The resource reservation field of SCI format 1 in Rel-14 mode 3 is set to 0 which makes its transmission not predictable.
For Rel-14 mode 3, eNB can allocate transmission resource to UE for either one-shot or SPS transmission. For Rel-14 mode 4, UE can select transmission resource for either one-shot or semi-persistent transmission. In both cases, one-shot transmission is not predictable by sensing, SPS transmission in mode 3 and semi-persistent transmission in mode 4 can benefit from sensing. 

Observation 2: In both mode 3 and mode 4, one-shot transmission is not predictable by sensing, SPS and semi-persistent transmission can benefit from sensing.
2.2. Different kinds of terminals
There are two kinds of terminals discussed in V2X: vehicle terminal and pedestrian terminal. The former has full sensing capability, the later has no or partial sensing capability. To be convenient, we divide terminals into two kinds in this paper: 

· UE with sensing capability: including vehicle terminals and pedestrian terminals with partial sensing capability, which is denoted as V-UE in this paper.
· UE without sensing capability: including pedestrian terminals without sensing capability, which is denoted as P-UE in this paper.

In Rel-14, the transmission resource of mode 3 UE is allocated by eNB and UE does not need to do sensing. While in mode 4, UE autonomously selects transmission resource randomly or by sensing. The resource pool sharing between mode 3 and mode 4 UE with sensing capability has been discussed in several scenarios [2-5], while how to implement the resource pool sharing between mode 3 and mode 4 UE without sensing capability should also be considered.
Observation 3: Two kinds of terminals need to be considered in resource pool sharing:

· UE with sensing capability: including vehicle terminals and pedestrian terminals with partial sensing capability

· UE without sensing capability: including pedestrian terminals without sensing capability

2.3. Different scenarios of resource pool sharing

Considering mode 3 and mode 4 resource pools of Rel-14 and Rel-15, there are totally four scenarios for resource pool sharing:
· Scenario 1: Rel-14 mode 3 and Rel-14 mode 4

In Rel-14, eNB allocates separate resource pool for mode 3 and mode 4. There is no resource pool sharing between them.

· Scenario 2: Rel-14 mode 3 and Rel-15 mode 4
In Rel-14, mode 3 UE does not do sensing and follow eNB’s scheduling. If there is mode 4 UE coexisting in the same resource pool, eNB has no information whether the resource is being used or not by mode 4 UE. That will cause potential collision. Mode 4 UE can do sensing and avoid collision with mode 3 UE [2][3]. Even during the semi-persistent transmission, mode 4 UE can also detect whether there is other UE occupying the same resource, such as by muting. While that cannot totally avoid transmission collision since eNB has no information of which resource is occupied when doing resource allocation for mode 3 UE.
· Scenario 3: Rel-15 mode 3 and Rel-14 mode 4
Some enhancement can be applied to Rel-15 mode 3 to assist resource pool sharing with Rel-14 mode 4. For example [3][4][5],

· Resource reservation bits in SCI of mode 3 UE is activated so that it can be sensed by other UEs. In this case, the enhanced mode 3 UE can be sensed as normal UE. The performance of mode 3 UE can be promised by setting higher priority. One potential issue is that eNB has no information about the resource usage when doing resource allocation for mode 3 UE which may cause possible collision with mode 4 UE.
· Mode 3 UE does sensing and reporting of a limited set of available resources to assist eNB’s scheduling. While this scheme intends to avoid potential collision with mode 4 UE, however, this scheme along by itself cannot guarantee collision free transmissions due to time delay for mode 3 UE to receive SL grant from the eNB and mode 4 UE could have already started using these reported resources. To mitigate this further collision concern, mode 3 UE could also send PSCCH on the reported set of resources for reservation / pre-emption (by setting the 4-bit resource reservation field) so that mode 4 UEs would interpret that these resources are not available during their resource (re)selection process. At the same time, DMRS should be sent in PSSCH for PSSCH-RSRP measurement purpose. 
· Scenario 4: Rel-15 mode 3 and Rel-15 mode 4
New SCI format and sensing behavior can be defined for Rel-15 mode 3 and mode 4 so that they can share resource pool. This scenario is not the focus scenario of this contribution.
Observation 4: Some enhancements, such as muting, cannot totally avoid transmission collision between mode 3 and mode 4. 
Proposal 1: Mode 3 UE do sensing and reporting to eNB of a limited set of available resources to assist eNB scheduling, while at the same time sending PSCCH and DMRS on these resources for reservation/pre-emption.
Generally, the transmission of mode 3 UE should be protected from the interference of mode 4 since eNB does allocate transmission resource for mode 3 UE. To promise the performance of mode 3, two different types of resource pool can be configured for mode 3 UE: 

· Type 1: shared between mode 3 and mode 4 UEs

· Type 2: only used for mode 3 UEs.

Some mode 3 transmissions, such as one-shot transmission or the transmission with higher priority, can be scheduled into type 2 resource pool. Because there is no mode 4 UEs in type 2 resource pool, the transmission of mode 3 UE is coordinated by eNB and there is no transmission collision with mode 4 UE. The other mode 3 transmissions can be scheduled into type 1 resource pool. 
Proposal 2:  Two different types of resource pool can be configured for mode 3 UE: 

· Type 1: shared between mode 3 and mode 4 UEs

· Type 2: only used for mode 3 UEs.
3. Conclusions
In this contribution, resource pool sharing between mode 3 and mode 4 is discussed. The following observations and proposals are given.

Observation 1: The resource reservation field of SCI format 1 in Rel-14 mode 3 is set to 0 which makes its transmission not predictable.
Observation 2: In both mode 3 and mode 4, one-shot transmission is not predictable by sensing, SPS and semi-persistent transmission can benefit from sensing.
Observation 3: Two kinds of terminals need to be considered in resource pool sharing:

· UE with sensing capability: including vehicle terminals and pedestrian terminals with partial sensing capability

· UE without sensing capability: including pedestrian terminals without sensing capability

Observation 4: Some enhancements, such as muting, cannot totally avoid transmission collision between mode 3 and mode 4. 

Proposal 1: Mode 3 UE do sensing and reporting to eNB of a limited set of available resources to assist eNB scheduling, while at the same time sending PSCCH and DMRS on these resources for reservation/pre-emption.
Proposal 2:  Two different types of resource pool can be configured for mode 3 UE: 

· Type 1: shared between mode 3 and mode 4 UEs

· Type 2: only used for mode 3 UEs.
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