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1. Introduction

Resource pool sharing between mode 3 and mode 4 was discussed in RAN1 #92 and the following agreement was achieved [1].
Agreement: 

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

In this contribution, we further discuss how to support resource pool sharing between mode 3 and mode 4 UEs. The resource pool configuration schemes in different scenarios and considering different kinds of UEs, such as V-UE and P-UE which has partial or no sensing capability, are introduced. 
2. Discussion
2.1. Different kinds of terminals in resource pool sharing
There are two kinds of terminals discussed in Rel-14 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. This kind of terminals have sensing capability so that they can sense whether the resource is occupied or not and avoid collision with other terminals.
· UE without sensing capability: including pedestrian terminals without sensing capability, which is denoted as P-UE in this paper. This kind of terminals do not have sensing capability and they cannot autonomously avoid potential collision with others. The only way is to expect V-UE do sensing and avoid collision with P-UE.
Observation 1: Both V-UE and P-UE need to be considered in resource pool sharing:

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

· P-UE: UE without sensing capability, including pedestrian terminals without sensing capability
Observation 2: V-UE can do sensing and avoid potential collision with others, while not for P-UE.
2.2. Limitation in resource pool sharing

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 3: In both mode 3 and mode 4, one-shot transmission is not predictable by sensing, SPS and semi-persistent transmission can benefit for sensing.
2.3. Resource pool configuration

As discussed in section 2.1, there are two kinds of UE to be considered in resource pool sharing, and in which P-UE does not have sensing capability. It would be better to allocate dedicated resource pool for P-UE to avoid potential collision with others. On the other hand, 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. Based on the above considerations, we propose the following resource pool configuration scheme.
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Figure 1 Resource pool configuration for mode 3 and mode 4

· Dedicated resource pool for Mode 3: the following kinds of Mode 3 UE will be put into this resource pool

· One-shot mode 3 transmission: the reservation bit is set to 0 and it is hardly for other kinds of UE to do sensing and avoid collision.

· Mode 3 UE with higher PPPP: eNB will allocated mode 3 UE with higher PPPP to this pool so as to avoid collision with other UEs to promise better performance.

· P-UE: it cannot do sensing and autonomously avoid collision with others.

· Dedicated resource pool for Mode 4: the following kinds of Mode 4 UE will be put into this resource pool

· P-UE: it cannot do sensing and autonomously avoid collision with others.

· Shared resource pool between mode 3 and mode 4: it can be further divided into 3 pools depending on different scenarios

· Scenario 1: Resource pool sharing between R14 mode 3 and R15 mode 4

R14 mode 3 UE cannot do sensing and the resource reservation field is set to 0 so that it is hardly for R15 mode 4 UE to predict its resource for next transmission. If a PSCCH with resource reservation field 0 is detected by R15 mode 4 UE, there are two possibilities: it is a R14 mode 3 UE or one-shot R15 mode 4 UE. One conservative way is that R15 mode 4 UE excludes the resource from candidate resource set in case a PSCCH with resource reservation field 0 is detected to avoid potential collision with R14 mode 3 UE. One disadvantage of this conservative way is that it can exclude the resource used by one-shot mode 4 transmission, which will result in resource inefficiency. Another possible way is to introduce an indicator which can be used to differentiate R15 UE from R14 UE. If a PSCCH with resource reservation field 0 is detected and the indicator in the SCI shows that it is R15 UE, its associate resource will not be excluded, otherwise it will be excluded from candidate resource set depending on the configured PSSCH-RSRP. Different PSSCH-RSRP can be configured for R14 mode 3 and R15 mode 4 so as to protect the resource which is used by R14 mode 3. The reserved bit which is used to differentiate new introduced MCS table from R14’s MCS table can be reused as the indicator to differentiate R15 UE from R14 UE.
· Scenario 2: Resource pool sharing between R14 mode 4 and R15 mode 3

It was agreed that R15 Mode 3 UEs shall set the resource reservation field in SCI-1 to the SPS period so that R14 mode 4 UE can avoid collision with R15 mode 3 UE by sensing. While one issue of this scenario is that if there is no resource usage information at eNB, eNB cannot avoid allocating mode 3 UE to the resource which has already used by R14 mode 4 UE and that will cause transmission collision. Therefore, the mechanism of R15 mode 3 do sensing and reporting to eNB is proposed. While this mechanism is too complex and much standardization work is needed. Furthermore, this issue does also exist in scenario 1. We do not see the motivation to do further enhancement for this scenario compared to the previous one.

· Scenario 3: Resource pool sharing between R15 mode 3 and R15 mode 4

The resource reservation field in mode 3 is set to the SPS period so that mode 4 UE can avoid transmission collision with mode 3 UE by sensing. Whether to introduce mode indicator is a little controversial. The mode indicator is beneficial in some cases, such as different resource exclusion principles are applied to mode 3 and mode 4 UE. For example, once a PSCCH is detected and its mode indicator shows it is a mode 3 transmission, mode 4 UE will exclude its corresponding resource from candidate resource set to avoid collision to mode 3 transmission. If the mode indicator shows it is a mode 4 transmission, mode 4 UE will follow the same sensing procedure as R14. 
Based on the above discussion and analysis, we give the following proposals:
Proposal 1: Two kinds of resource pools are configured for Mode 3 UE: dedicated for mode 3 and shared between mode 3 and mode 4.
Proposal 2: Two kinds of resource pools are configured for Mode 4 UE: dedicated for mode 4 and shared between mode 3 and mode 4. 

Proposal 3: In the scenario of resource pool sharing between R14 mode 3 and R15 mode 4,

· An indicator in SCI is used to differentiate R15 UE from R14 UE. The reserved bit in SCI format 1 which is used to differentiate new introduced MCS table can be reused as the indicator.

· Different PSSCH-RSRP can be configured for R14 mode 3 and R15 mode 4.

Proposal 4: In the scenario of resource pool sharing between R14 mode 4 and R15 mode 3, there is no necessary to introduce sensing and reporting scheme for R15 mode 3 UE.

Proposal 5: In the scenario of resource pool sharing between R15 mode 4 and R15 mode 3, mode indicator should be introduced if different resource exclusion principles are applied to mode 3 and mode 4 UE. 
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: Both V-UE and P-UE need to be considered in resource pool sharing:

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

· P-UE: UE without sensing capability, including pedestrian terminals without sensing capability
Observation 2: V-UE can do sensing and avoid potential collision with others, while not for P-UE.
Observation 3: In both mode 3 and mode 4, one-shot transmission is not predictable by sensing, SPS and semi-persistent transmission can benefit for sensing.
Proposal 1: Two kinds of resource pools are configured for Mode 3 UE: dedicated for mode 3 and shared between mode 3 and mode 4.

Proposal 2: Two kinds of resource pools are configured for Mode 34 UE: dedicated for mode 4 and shared between mode 3 and mode 4. 

Proposal 3: In the scenario of resource pool sharing between R14 mode 3 and R15 mode 4,

· An indicator in SCI is used to differentiate R15 UE from R14 UE. The reserved bit in SCI format 1 which is used to differentiate new introduced MCS table can be reused as the indicator.

· Different PSSCH-RSRP can be configured for R14 mode 3 and R15 mode 4.

Proposal 4: In the scenario of resource pool sharing between R14 mode 4 and R15 mode 3, there is no necessary to introduce sensing and reporting scheme for R15 mode 3 UE.

Proposal 5: In the scenario of resource pool sharing between R15 mode 4 and R15 mode 3, mode indicator should be introduced if different resource exclusion principles are applied to mode 3 and mode 4 UE. 
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