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1 Introduction

In WID RP-170798, one of the objectives defined for eV2x is
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 the detailed procedure of resource pool sharing.
2 Discussion
Before going into details of resource pool sharing scheme, we divide UEs into different types, i.e., for both Rel-14 V2x and Rel-15 eV2x, the UEs can be divided into following types:

· Mode-3 V-UE

· Mode-3 P-UE

· Mode-4 V-UE

· Mode-4 P-UE

Furthermore, considering on-shot transmission (for both mode-3 and mode-4) is not predictable by sensing operation, this paper discusses resource pool sharing mainly considering multi-shot based transmission, which can benefit from listen-before-talk type transmission.

2.1 Rel-15 V-UE resource pool sharing

We start from Rel-15 V-UE resource pool sharing. There are different types of tools being investigated in RAN1, in order to facilitate co-existence between Rel-15 mode-3 V-UE and Rel-14/Rel-15 mode-4 V-UE, e.g., enhancing mode-3 so that to allow
· Sensing mode-4 activity and report to network: in order for network scheduler to take into account of the mode-4 activity before mode-3 resource allocation decision [1]

 REF _Ref489434977 \r \h 
[2].
· Indication in resource reservation field: in order for mode-4 UEs to take into account of mode-3 activity before mode-4 resource selection decision [2]

 REF _Ref489435044 \r \h 
[3]

 REF _Ref489435045 \r \h 
[4].

Essentially, these types of mode-3 enhancement transfer mode-3 to be sensing-capable/sensible, and thus allow the resource sharing as shown in Figure 1.
Observation 1 Rel-15 eV2x can enable Rel-15 mode-3 and Rel-14/Rel-15 mode-4 V-UE to share the resource pool.
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Figure 1 Rel-15 V-UE resource pool sharing (Rxx-My-Z: Rel-xx Mode-y Z-UE)
2.2 Rel-14 and Rel-15 V-UE resource pool sharing

After that, considering the deployment of both Rel-14 and Rel-15 UE at the same spectrum, the impact due to Rel-14 UE has to be taken into account. One thing to note is for Rel-14 mode-3 UE:

· The bits in resource reservation field are all set as zeros.

· No sensing operation is to be done by mode-3 UE.

Therefore, there is no available tool for mode-4 (for both Rel-14 and Rel-15) to predict the Rel-14 mode-3 activity (even if it is SPS-type scheduling), and thus Rel-14 mode-3 V-UE cannot share the resource pools with other mode-4 V-UEs (for both Rel-14 and Rel-15).

Observation 2 No tools are defined in Rel-14 in order for Rel-14 mode-3 V-UE and Rel-14/Rel-15 mode-4 V-UE to share the resource pool.
As shown in Figure 2, considering the existence of Rel-14 V-UE, at least two resource pools are needed, to separate Rel-14 mode-3 V-UE and other mode-4 V-UE.
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Figure 2 Rel-14 and Rel-15 V-UE resource pool sharing (Rxx-My-Z: Rel-xx Mode-y Z-UE)
2.3 V-UE and P-UE resource pool impact

The difference between V-UE and P-UE is the reception capability, i.e., as defined in Rel-14

· Full sensing can be done by V-UE, yet 

· Only partial sensing or no sensing can be done by P-UE. 

In this paper, when talking about P-UE, we focus on sensing incapable P-UE (i.e., without Rx chain) to discuss the resource pool sharing, because partial sensing capable P-UE can be categorized similar as full-sensing capable V-UE, i.e., both of which have sensing capability in some degree.
For P-UE, it can be divided into two types (for both Rel-14 and Rel-15):
· Mode-3 P-UE

· Mode-4 P-UE

Since here we limited to P-UE without Rx capability, there is no way for the two types of P-UE to coordinate resource selection with each other, or in other words, there is no way for the network scheduler of mode-3 P-UE to know the mode-4 P-UE activity in its proximity. Therefore, separate resource pools are needed to serve the two.

Furthermore, Rel-14/15 mode-3 V-UE cannot share the resource pool with Rel-14/15 mode-4 P-UE, since the latter one would select resource randomly and thus hard for network scheduler to select resources for mode-3 V-UE to guarantee the QoS requirement.

Observation 3 Separate resource pools are needed to serve Rel-14/Rel-15 mode-3 V-UE/P-UE and Rel-14/Rel-15 mode-4 P-UE without Rx capability.

Furthermore, Rel-14 V2x allows either shared or separate resource pool between random-selection and sensing-based-selection, which could be extended to Rel-15 eV2x.
-- ASN1START

SL-P2X-ResourceSelectionConfig-r14 ::=


SEQUENCE {


partialSensing-r14



ENUMERATED {true}



OPTIONAL,
-- Need OR


randomSelection-r14



ENUMERATED {true}



OPTIONAL 
-- Need OR

}

-- ASN1STOP

Observation 4 Rel-14 V2x allows either shared or separated resource pool for random-based and partial-sensing-based resource selection methods.

1) If use separate resource pools to serve random-based and partial-sensing-based resource selection:
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Figure 3 V-UE and P-UE resource pool sharing (Rxx-My-Z: Rel-xx Mode-y Z-UE)

2) If use shared resource pools to serve random-based and partial-sensing-based resource selection:


[image: image4]
Figure 4 V-UE and P-UE resource pool sharing (Rxx-My-Z: Rel-xx Mode-y Z-UE)

In conclusion, from the above, when considering resource pool sharing, we cannot expect all types of UEs share a same pool, due to the limitation of legacy Rel-14 UEs, and limited Rx capability of P-UE. The key is to enhance mode-3 V-UE in Rel-15, in order for sharing the resource pool with Rel-14/15 mode-4 V-UE, i.e., to allow the shared resource pool indicated via the blue blocks in the figures above. 
Proposal 1 RAN2 focus on enhancing mode-3 V-UE in Rel-15 to share resource pool with mode-4 V-UE.

3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
Rel-15 eV2x can enable Rel-15 mode-3 and Rel-14/Rel-15 mode-4 V-UE to share the resource pool.
Observation 2
No tools are defined in Rel-14 in order for Rel-14 mode-3 V-UE and Rel-14/Rel-15 mode-4 V-UE to share the resource pool.
Observation 3
Separate resource pools are needed to serve Rel-14/Rel-15 mode-3 V-UE/P-UE and Rel-14/Rel-15 mode-4 P-UE without Rx capability.
Observation 4
Rel-14 V2x allows either shared or separated resource pool for random-based and partial-sensing-based resource selection methods.


Based on the observations, we propose:
Proposal 1
RAN2 focus on enhancing mode-3 V-UE in Rel-15 to share resource pool with mode-4 V-UE.


4 Reference
[1] R1-1708192, Discussion on resource pool sharing between Mode 3 and Mode 4, Huawei.
[2] R1-1707303, Sharing resource pool for eNB-controlled and UE-autonomous V2V, Intel.
[3] R1-1707450, Discussion on resource pool sharing between mode 3 and mode 4, CATT.
[4] R1-1707561, Discussion on resource pool sharing between UEs using mode 3 and mode 4, LGE.

3/4


[image: image5.png]R15-M3-V
R15-M4-V




[image: image6.png]R15-M3-V
R15-M3-P

R14-M4-V
R14-M4-P




[image: image7.png]R15-M3-V
R15-M4-V

R14-M3-V
R14-M3-P

R14-M4-P




[image: image8.png]R15-M3-V

R15-M4-V

R14-M3-V




