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1   Introduction
[bookmark: _Toc436619014][bookmark: _Toc436619251][bookmark: _Toc451844181][bookmark: _Toc466346620][bookmark: _Toc466348853][bookmark: _Toc466352963][bookmark: _Toc472222530]Based on the scope of “Enhanced LTE Device to Device Proximity Services” [1] in RP-142311, it is considered to support D2D ProSe discovery in the scenarios of multiple carriers and/or multiple PLMNs in Rel-13. The benefit of allowing D2D transmission in non-serving cells and/or secondary cells can be load balancing.
	RP-142311
…
This work item also aims to enhance the support for D2D in presence of multiple carriers and PLMNs. For example, currently D2D transmissions by a UE is limited to its camped cell. This can force UEs that are engaged in D2D signalling among themselves to be on the same cell, which in turn can cause load imbalance among carriers of a deployment. Allowing UEs to transmit on non-serving carrier can alleviate this issue.
…

3)	Enhance D2D discovery support in the presence of multiple carriers and PLMNs:
a)	Allow D2D transmissions in a non-serving carrier and/or secondary cell belonging to the same and possibly different PLMN as the serving cell [RAN2, RAN1, RAN3].
…



There are two models for ProSe discovery [2]: Model A (“I am here”) and Model B (“Who is there/are you there”). In Model A, the announcing UE broadcasts the information, e.g., ProSe Application Identity or ProSe UE Identity, and the monitoring UE in proximity receives the information without response. In Model B, the discoverer UE broadcasts certain information, e.g., ProSe Application Identity corresponding to a group and the members of the group can respond, and the discoveree UE of interest can respond to the discoverer UE. We focus on the discussion on Model A in this contribution because of no required response from the in proximity UEs receiving the discovery messages.
This contribution provides the classification of multiple carriers and PLMNs scenarios and discusses the possible impact in RAN2, focusing on the Discovery Model A (“I am here”) for simplicity.
[bookmark: _Ref339531139]2	Discussion on the Inter-Carrier and Inter-PLMN 
2.1 Scenario 1: The announcing UEs and monitoring UEs are the same PLMN 
In this case, we assume the announcing UEs and the monitoring UEs all belong to the same PLMN. Both the announcing UE and monitoring UE are camped to the same serving cell. As illustrated in Fig. 1, UE1 is the announcing UE and UE2 is the monitoring UE. Both UE1 and UE2 belong to the same PLMN and camped to the same serving cell (cell 1) with the same carrier. The inter-carrier ProSe discovery may occur when the eNB finds the load imbalance on the serving cell and force the announcing UE (UE1) to send discovery messages on the non-serving cell, e.g., cell 2 in Fig. 1. It is also likely that the announcing UEs and the monitoring UEs camped to different serving cell but in the same PLMN, illustrated in Fig. 2.
From the perspective of the announcing UE (UE1), the serving cell of the announcing UE may control the ProSe discovery inter-carrier (inter-cell) handover since the announcing UE is camped to its serving cell. The non-serving cell of the announcing UE may only provide the discovery message delivery instead of discovery control. The inter-carrier handover occurs via the control plane between cell 1 and cell 2. The control plane and data plane are required between the announcing UE and its serving cell, but only data plane is required between the non-serving cell and the announcing UE. 
	From the perspective of the monitoring UE (UE2), it should be able to monitor both the ProSe discovery resource pools of its serving cell and non-serving cell. Another reason is that the announcing UEs and the monitoring UEs may be camped to different cells within the same PLMN. The monitoring UE (UE2) may be configured by default to monitor all ProSe discovery resource pools of the serving cell and non-serving cell. Another approach is that the monitoring UE (UE2) is mandatory to monitor the ProSe discovery resource pool of the serving cell. When the eNB triggers some announcing UEs to use non-serving cell, the monitoring UEs are notified to monitor the non-serving cell.
Observation 1: Even the UEs belong to the same PLMN, inter-carrier (inter-cell) handover can be supported to perform D2D ProSe discovery.
Observation 2: The monitoring UEs should be able to monitor both D2D ProSe discovery pools of serving cell and non-serving cells.
Observation 3: The announcing UEs should be able to perform D2D ProSe discovery in either the serving cell or non-serving cells.

	[image: ]
	[image: ]

	Fig. 1 The announcing UE (UE1) and the monitoring UE (UE2) belong to the same PLMN and the same carrier (cell 1).
	Fig. 2 The announcing UE (UE1) and the monitoring UE (UE2) belong to the same PLMN but are camped to different carriers.



2.2 Scenario 2: The announcing UEs and monitoring UEs belong to different PLMNs (Roaming)
In this scenario, we assume the announcing UE (UE1, PLMN A) and the monitoring UE (UE2, PLMN B) belong to different PLMNs. In scenario 2, either the announcing UE or the monitoring UE can roam to another PLMN for D2D ProSe discovery. 
As illustrated in Fig. 3 and Fig. 4, the monitoring UE (UE2, PLMN B) has completed roaming for PLMN selection and camped to a serving cell in PLMN A. The serving cell of the roaming monitoring UE may be the same or different from that of the announcing UE. The monitoring UE should be able to monitor the D2D ProSe discovery messages on the serving cell and non-serving cell in PLMN A. For the announcing UE, it should allow the roaming monitoring UE to receive its D2D ProSe discovery messages as well. If inter-carrier handover takes place (the announcing UE change the carrier to perform D2D ProSe discovery), the monitoring UE should be able to receive the updated D2D ProSe discovery information in order to monitor the D2D ProSe discovery messages. 
As illustrated in Fig. 5 and Fig. 6, the announcing UE (UE1, PLMN A) has completed roaming for PLMN selection and camped to a serving cell in PLMN B. The announcing UE can be camped to the cell the same as or different from the monitoring UE. The monitoring UE should be able to receive the D2D ProSe discovery messages from a roaming announcing UE in the same or different serving cell. Taking load balance into consideration, the mechanism of inter-carrier handover should support the roaming announcing UE to perform D2D ProSe discovery in a non-serving cell. 

	Different PLMNs + The Same Carrier (Roaming)
	Different PLMNs + Different Carriers (Roaming)
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	Fig. 3 The monitoring UE (UE2) roams to PLMN A and is camped to the same carrier as the announcing UE (UE1).
	Fig. 4 The monitoring UE (UE2) roams to PLMN A and is camped to different carriers as the announcing UE (UE1).
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	Fig. 5 The announcing UE (UE1) roams to PLMN A and is camped to the same carrier as the monitoring UE (UE2).
	Fig. 6 The announcing UE (UE1) roams to PLMN A and is camped to different carrier as the monitoring UE (UE2).



Observation 4: Either the announcing UE or the monitoring UE can roam to another PLMN for D2D ProSe discovery. They can also both roam to a third PLMN for D2D ProSe discovery.
Observation 5: Inter-carrier handover mechanism for D2D ProSe discovery should support roaming scenarios, i.e., either roaming announcing UEs or roaming monitoring UEs.

2.3 Scenario 3: The announcing UEs and monitoring UEs belong to different PLMNs (non-Roaming)
In this scenario, the announcing UE (UE1) and the monitoring UE (UE2) belong to different PLMNs, as illustrated in Fig. 7. However, they are still within the coverage of their own serving cells owned by their own PLMNs. In terms of proximity, they may be close to each other. In such case, the D2D ProSe discovery should also be supported. This is also a ProSe direct communication scenario in TR23.703 [2]. From the perspective of the monitoring UE, it should be provided the information of nearby cells, even in different PLMNs. Then, the monitoring UE can monitor the D2D ProSe discovery resource pool provided by nearby cells. Since only Model A is considered in this paper, the announcing UE just sends ProSe discovery messages on its assigned resources by the eNB. However, if Model B with the response from discoveree UE is considered, the discoverer UE should be able to receive the response on the resources notified by a nearby cell with different PLMN.
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	Fig. 7 The announcing UE (UE1) and the monitoring UE (UE2) belong to different PLMNs. They are camped to different serving cells controlled by their own PLMN.



Observation 6: Compared to Scenario 2, Scenario 3 is considered as inter-PLMN D2D ProSe discovery.
Observation 7: Inter-PLMN ProSe discovery occurs when UEs are close to each other but camped to different serving cells owned by different PLMNs.

3	Discussion on D2D ProSe Discovery
	Based on the scenarios in Section 2 and those observations, the inter-carrier (inter-cell) handover mechanism should be designed in order to realize load balancing. The timing to trigger inter-carrier handover mechanism may depend on the traffic load of the serving eNB or self-trigger by the announcing UE. In addition, the control signalling exchange between the serving cell and non-serving cell should be discussed. At least the data plane should be provided by the non-serving cell for the announcing UE to perform D2D ProSe discovery.
If the inter-carrier handover may happen, the monitoring UEs should be provided information of the handover decision and resources provided by non-serving cell for D2D ProSe discovery. The monitoring UEs should be capable of monitoring the D2D ProSe discovery messages delivered on its serving cell or non-serving cells. It is worthy of noting that the announcing UEs and the monitoring UEs can be in the same serving cell, in the different serving cell and in different PLMNs. In other words, the monitoring UEs should be provide enough information to monitor D2D ProSe discovery messages delivered by the nearby announcing UEs, which may belong to the same serving cell, different serving cell, and even different PLMNs. In terms of the announcing UEs, they should be capable of performing D2D ProSe discovery on the serving cell, non-serving cell and on the roaming cells.
Proposal 1: The mechanism of inter-carrier handover, i.e., how to distribute announcing UEs to non-serving cells or back to the serving cell, should be studied. 
Proposal 2: The monitoring UE should monitor its serving cell and non-serving cells in the same PLMNs, and also cells of nearby different PLMNs.
Proposal 3: Only data plane is required between the non-serving cell and the announcing/monitoring UEs.
4 Conclusion
In this contribution, we focus on Model A and illustrate D2D ProSe discovery inter-carrier and inter-PLMN scenarios. We have the following observations.
Scenario 1: In the same PLMN
Observation 1: Even the UEs belong to the same PLMN, inter-carrier handover can be supported to perform D2D ProSe discovery.
Observation 2: The monitoring UEs should be able to monitor both D2D ProSe discovery pools of serving cell and non-serving cells.
Observation 3: The announcing UEs should be able to perform D2D ProSe discovery in either the serving cell or non-serving cells.

Scenario 2: Roaming to the same PLMN
Observation 4: Either the announcing UE or the monitoring UE can roam to another PLMN for D2D ProSe discovery. They can both roam to a third PLMN for D2D ProSe discovery.
Observation 5: Inter-carrier handover mechanism for D2D ProSe discovery should support roaming scenarios mentioned in Observation 4.

Scenario 3: In different PLMNs
Observation 6: Compared to Scenario 2, Scenario 3 is considered as inter-PLMN D2D ProSe discovery.
Observation 7: Inter-PLMN ProSe discovery occurs when UEs are close to each other but camped to different serving cells owned by different PLMNs.

Based on those observations, we have three proposals:
Proposal 1: The mechanism of inter-carrier handover, i.e., how to distribute announcing UEs to non-serving cells or back to the serving cell, should be studied. 
Proposal 2: The monitoring UE should monitor its serving cell and non-serving cells in the same PLMNs, and also cells of nearby different PLMNs.
Proposal 3: Only data plane is required between the non-serving cell and the announcing/monitoring UEs.

5 References
[1] RP-150441 “Revised WI : Enhanced LTE Device to Device Proximity Services”, Qualcomm
[2] 3GPP TR23.703 v.12.0.0, “Study on architecture enhancements to support Proximity-based Services (ProSe)” (Release 12)


image1.png
D Cell2




image2.png




image3.png




image4.png




image5.png
A Toicelln
< D:cell2





image6.png
/__‘
ot Cell 1
_D:cCell2





image7.png




