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1. Introduction
At RAN2#89-bis, the initial discussion on Rel-13 eD2D was started and achieved the agreement for inter-PLMN discovery as follows [1]; 
	Inter-PLMN scenario 

·  SA2 guidance may be required on whether inter-PLMN authorization for discovery transmission can be handled by higher layer

With network infrastructure

· If the network has inter-PLMN information then the network should have the option to configure the UE similar to the intra-PLMN case

· We cannot assume that inter-PLMN coordination is always possible.  The baseline scenario to consider is uncoordinated inter-PLMN.  

· For uncoordinated inter-PLMN scenarios with network infrastructure, the UE reads SIB19 of the concerned carrier frequency to learn the tx/rx resource pool to use.  FFS how the carrier frequency is configured in the UE.  

      Without network infrastructure 

· The inter-PLMN scenario without network infrastructure (e.g. no eNB in the ProSe carrier) will be supported, assuming that out-of-coverage discovery is supported.  



In this contribution, it is discussed to optimize ProSe discovery mechanism for more efficient inter-PLMN operations from both announcing and monitoring perspectives. 
2. Discovery announcing aspects 
2.1. Assumptions built on the agreements 
In the last meeting, the two scenarios are agreed in [1] as illustrated in Fig. 1, i.e., with/without network infrastructure. For the scenario with network infrastructure, the baseline scenario to consider is uncoordinated inter-PLMN, and it was clarified in [1]
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[2] that the “uncoordinated” means an eNB did not know the configuration of the other eNB belonging to the other PLMN. In addition to the configuration aspects, it should not be assumed that there is no synchronization between PLMNs. 
Proposal 1 There is no synchronization between PLMNs under the uncoordinated inter-PLMN scenario. 
A FFS is captured in the agreement [1] on how the carrier frequency is configured in the UE, in order to acquire SIB19 to learn Tx/Rx resource pools. According to Rel-12 specification [3], it is clear that the serving cell may provide in SIB 19 a list of frequencies along with PLMN ID on which the UE may aim to monitor discovery message. In addition, the ProSe Direct Discovery authorization (non-Public Safety UE) contains [4]; 
2) ProSe Direct Discovery announcing authorisation policy:

- PLMNs in which the UE is authorized to perform announcing.

- Authorised discovery range for announcing per PLMN.
So, there is no carrier frequency information in the authorization. It could be understood that it’s up to E-UTRAN which carrier(s) is used within a (authorized) PLMN. 
Proposal 2 The serving cell may indicate to the UE the carrier frequency for a different PLMN as it is in Rel-12. 

[image: image1.emf]PLMN1

PLMN2

Scenario 1; 

With network infrastructure 

Scenario 2; 

Without network infrastructure 

S

I

B

1

9

S

I

B

1

9

Cell 1

Cell 2

UE1 UE2


Fig. 1
Scenarios for inter-frequency discovery announcing
2.2. Additional procedures for inter-PLMN discovery announcing 
For initiation of the inter-PLMN discovery announcing, the serving cell should know whether the concerned UE is aware of cells on the other PLMN. If there is no coverage around the UE in PLMN2 (i.e., scenario 1), the UE may use pre-configured parameters.  If the UE detects the cell belonging to the other PLMN (i.e., scenario 2) but under the uncoordinated inter-PLMN scenario, the UE reads SIB19 of the concerned carrier frequency to learn the tx/rx resource pool to use [1].  Else, if the UE detects the cell belonging to the other PLMN (i.e., scenario 2) and the serving cell has inter-PLMN information, the network should have the option to configure the UE similar to the intra-PLMN case, as agreed in [1].  For each scenario, there are two important points todefine the NW/UE behaviour, whether the UE is in-coverage of the other PLMN or not, and whether the serving cell has inter-PLMN information or not. 
Observation 1 The NW/UE behaviour is defined by whether the UE is in-coverage of the other PLMN and whether the serving cell has inter-PLMN information. 
2.2.1. The UE is in-coverage/out-of-coverage on the other PLMN 
It’s a question whether the serving cell should determine whether the UE is now in-coverage of the other PLMN or not, while of course the UE knows it.  If the serving cell should determine, the UE needs to inform the serving cell of the condition with e.g., the existing measurement reporting. However, it may cause more signalling overhead due to additional iterations. For example, under the coordinated inter-PLMN scenario (i.e., assuming the serving cell has inter-PLMN information), the UE informs the serving cell of the its interest in inter-PLMN discovery announcing first, the serving cell configure the UE with inter-PLMN RRM measurement, the UE sends the measurement report, and then the serving cell provides inter-PLMN discovery configuration, i.e., four iterations are needed. 
On the other hand, if the serving cell does not need to determine (i.e., the UE has the responsibility to determine whether it’s in-coverage or not), The procedure will be simpler with two iterations such that the UE informs the serving cell that it’s “in-coverage” of the other PLMN of interest, and the serving cell performs inter-PLMN discovery configuration. So, the UE should have the responsibility to determine whether it’s in-coverage of the other PLMN or not. 
Proposal 3 The UE has the responsibility to determine whether it’s in-coverage of the other PLMN of interest or not. 
Proposal 4 For the coordinated inter-PLMN scenario, the UE should inform the serving cell of its condition whether it is “in-coverage” of the PLMN of interest. 
RAN2 agreed that the baseline scenario to consider is uncoordinated inter-PLMN [1]. In the uncoordinated scenario, the UE may use Tx resources provided by SIB19 of the other PLMN (in-coverage).  On the other hand, the UE may use Tx resources provided by pre-configuration when it is out-of-coverage on the other PLMN of interest. Regardless of the Tx resources to be used, the serving cell should take into account the occasion of inter-PLMN discovery announcing in the Uu scheduling. However, the serving cell does not know the inter-PLMN configurations, i.e., under the uncoordinated scenario or use of pre-configured parameters. So, the serving cell should be informed from the UE of the configurations. It could be considered two alternatives; 
· Alternative 1: The UE forwards SIB19 of the other PLMN. It may need additional information of time difference between PLMNs. 
· Alternative 2: The UE informs of a “gap pattern” based on the Tx resource pool(s). The “gap pattern” may be able to align the time difference with the serving cell in the UE. 
The alternatives essentially have the same functionality. However, the signalling overhead is different and obviously Alternative 1 needs more bits to inform of the configuration. So, Alternative 2 is preferable. 
Proposal 5 The serving cell should be informed by the UE a “gap pattern” for the purpose of Uu scheduling. 
It’s natural to inform of the “in-coverage” and “gap pattern” over SidelinkUEInformation, since no reason could not be seen to define new RRC message or to extend the other signalling, e.g., the measurement reporting. 
Proposal 6 The SidelinkUEInformation should be extended to inform the serving cell of additional information for inter-PLMN discovery announcing. 
2.2.2. The serving cell has/does not have inter-PLMN information 
The serving cell may not need to inform the UE of inter-PLMN information availability, if the SidelinkUEInformation is allowed to be transmitted with full information, i.e, both “in-coverage” and “gap pettern”, as long as SIB19 is provided. This is simple and minimizes the standard impacts. 
However, it’s obvious that the “in-coverage” and “gap pattern” will be used exclusively in the serving cell. For example with uncoordinated inter-PLMN, the serving cell may take the “gap pattern” information into its Uu scheduling as discussed in section 2.2.1, but the “in-coverage” condition is not useful because the serving cell anyway does not care whether the UE uses Tx resources from SIB19 of the other PLMN or pre-configuration (i.e., in-coverage or out-of-coverage). So, the “in-coverage”/”gap pattern” should be informed exclusively in order to reduce unnecessary overhead. In addition, the exclusive information may reduce the UE power consumption, e.g., no need to read SIB19 when only “in-coverage” should be informed. 
So, it is useful that serving cell provide its inter-PLMN information availability (i.e., whether coordinated or uncoordinated inter-PLMN scenario) in e.g., SIB19. The UE should choice the contents in SidelinkUEInformation according to the additional information provisioned. 
Proposal 7 The serving cell should provide its inter-PLMN information availability.

3. Discovery monitoring aspects 

In Rel-12, there was a conflict regarding the sidelink gap between the agreements in RAN2 and RAN1, and RAN2 decided to stick to their previous agreement [7]
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[9]; 
	DISCOVERY

[…]

3
Sidelink gap is not supported (RAN1 agreement is reverted)


This agreement was quite reasonable assuming best-effort assumption and successfully contributed to Rel-12 WI completion.  However, since Rel-13 WI assumes multi-carrier operation, the discovery mechanism will face more difficulty in satisfying the need for “number of devices discovered” which was evaluated in Rel-12 study [10]. RAN2 should also keep in mind that for UEs with single receiver RAN1 has previously agreed that it’s too difficult to ensure a moderate discovery performance even in intra-frequency case let alone for such UEs to support the inter-frequency/PLMN case. 
Observation 2 With multi-carrier operation, best-effort assumption on discovery may not work well. 
As suggested in [11][12], in order to optimize the discovery mechanism for multi-carrier operation, the additional gaps for inter-frequency and inter-PLMN discovery monitoring should be revisited in Rel-13. 
Proposal 8 Sidelink gaps for inter-frequency/inter-PLMN discovery monitoring should be supported in Rel-13. 
4. Conclusion 
In this paper, the scenarios for intra-PLMN inter-frequency discovery announcing are provided. Based on the analysis of the scenarios, additional procedures to support intra-PLMN inter-frequency discovery announcing are introduced. RAN2 is kindly asked to take into account the observations/proposals below; 
Proposal 1
There is no synchronization between PLMNs under the uncoordinated inter-PLMN scenario.
Proposal 2
The serving cell may indicate to the UE the carrier frequency for a different PLMN as it is in Rel-12.
Observation 1
The NW/UE behaviour is defined by whether the UE is in-coverage of the other PLMN and whether the serving cell has inter-PLMN information.
Proposal 3
The UE has the responsibility to determine whether it’s in-coverage of the other PLMN of interest or not.
Proposal 4
For the coordinated inter-PLMN scenario, the UE should inform the serving cell of its condition whether it is “in-coverage” of the PLMN of interest.
Proposal 5
The serving cell should be informed by the UE a “gap pattern” for the purpose of Uu scheduling.
Proposal 6
The SidelinkUEInformation should be extended to inform the serving cell of additional information for inter-PLMN discovery announcing.
Proposal 7
The serving cell should provide its inter-PLMN information availability.
Observation 2
With multi-carrier operation, best-effort assumption on discovery may not work well.
Proposal 8
Sidelink gaps for inter-frequency/inter-PLMN discovery monitoring should be supported in Rel-13.
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