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1 Introduction

According to the approved RAN WID [1], support for Direct Discovery in carriers other than the PCell has to be considered. Related to this new feature, during the last RAN2#90, it was agreed the following:
	Agreements

· For intra-PLMN and inter-PLMN, the serving eNB will signal which frequencies and PLMN the discovery transmissions are allowed to be performed.   The UE can read SIB19 of the other carriers to acquire the resources for direct discovery transmission.  

· For intra-PLMN or coordinated inter-PLMN, the serving eNB can provide direct discovery resource information for other carriers using dedicated signalling or broadcast signalling.  

· Similar to Rel-12, the UE is configured with the authorized PLMN by higher layers.   

· For PS discovery the allowed frequency is pre-configured in the UE.  The frequency can be the same frequency as PS communication.  

· A UE in RRC_CONNECTED shall indicate to the eNB the frequency in which direct discovery transmission is desired, for public safety use case. 




In this paper, we further discuss open issues related to inter-carrier ProSe Direct Discovery.
2 Discussion 

During the last RAN2#90 meeting, it was agreed that for intra-PLMN or coordinated inter-PLMN, the serving eNB can provide direct discovery resource information for other carriers using dedicated signalling or broadcast signalling. We believe that this behaviour can be especially useful if the carrier (that can be either intra- or inter-PLMN) in which the UE is interested in transmitting/receiving discovery is limited in resources for broadcast signalling. 
Certainly, the eNB might not be able to provide type 2B discovery in some scenarios, e.g. inter-eNB or inter-PLMN discovery, due to the lack or unreliability of coordination mechanisms. But in some other scenarios, e.g. when PCell and ProSe discovery carrier belong to the same eNB, type 2B inter-carrier discovery is definitely feasible. 
Proposal 1 In intra-eNB ProSe discovery, the eNB can provide the UE with type 2B discovery. 

Regarding type 1 discovery instead, we note that in Rel-12 ProSe communication, TX resources to use in mode 1 are provided by broadcasting signalling (i.e. SIB18) for carriers other than the PCell, and also RX resources in ProSe communication carriers are directly acquired from broadcasting signalling (i.e. SIB18) in the respective carriers. 

With the above RAN2#90 agreement, the Rel-12 ProSe communication behaviour cannot be exactly mirrored since the eNB is now allowed to provide dedicated or broadcasted RX/TX pool configuration for multiple carriers. As the UE might receive RX/TX pool for the same carrier from different sources (i.e. from serving eNB and SIB19 on the carrier in question) there are cases to consider.

1) The UE receives RX/TX pool from serving eNB and RX/TX pool from SIB19 on the carrier in question:


This is not very beneficial, but could happen in case of limited coordination. In this case the UE should use the configuration provided in SIB19 by the carrier in question, as signalling from the serving cell might be not reliable in case of lack/unreliability/misbehaviour of inter-eNB (inter-PLMN) coordination.
2) The UE receives RX/TX pool from serving eNB and no RX/TX pool from SIB19 (i.e. an empty SIB19 is transmitted) on the carrier in question:


This case is beneficial as we can save resources on the carrier in question. In this case the UE has only one configuration to follow and since SIB19 is transmitted, ProSe Discovery is allowed on that carrier.

3) The UE receives RX/TX pool from serving eNB and no SIB19 is transmitted on the carrier in question:


This can be considered an error case, but could happen in case of limited coordination, or during transient periods when system information is updated. In this case we think the UE should not perform ProSe Discovery on the carrier in question. This is in line with Rel-12 behaviour which mandates that SIB19 must be present on a carrier for ProSe Discovery to be allowed at all.

Proposal 2 The serving eNB can provide direct discovery resource information for other carriers using dedicated or broadcast signalling provided that such carriers are configured to broadcast SIB19 without any direct discovery resource information.
Proposal 3 If the UE is configured with discovery resource information for a particular carrier (i.e. configured by its serving eNB) and that carrier does not transmit SIB19, then the UE shall not perform direct discovery on that carrier.

Proposal 4 If the UE is configured with discovery resource information for a particular carrier (i.e. configured by its serving eNB) and that carrier transmits SIB19 containing discovery resource information, then the UE may perform direct discovery on that carrier according to the direct discovery resource information provided by the SIB19 of the carrier in question.

Regarding the discovery frequencies that the UE should report to the eNB, in RAN2#90 it was agreed that a UE in RRC_CONNECTED shall indicate to the eNB the frequency in which direct discovery transmission is desired for public safety use cases. We believe that this agreement should be extended to monitoring frequencies and to non-public safety uses cases similar to what happens for Rel-12 ProSe communication. Such information can be conveyed by the UE on the SidelinkUEInformation to the eNB.
Proposal 5 A UE in RRC_CONNECTED shall indicate to the eNB the transmitting/monitoring frequencies in which ProSe discovery is of interest.
Similar to Rel-12, a UE that is in IDLE shall initiate RRC connection, in case the pool of resources to use is not broadcasted in SIB19 for the frequencies in which the UE would like to perform direct discovery transmission/monitoring. The reason is that the pool of resources can be signalled by the serving eNB via dedicated signalling. Therefore we propose the following:

Proposal 6 A UE in RRC_IDLE shall initiate RRC connection if the pool of resources is not broadcasted in SIB19 for the frequencies in which the UE would like to perform direct discovery transmission/monitoring.
2.1.1 Inter-PLMN Discovery Resources Randomization

Some simple considerations may improve inter-PLMN Direct Discovery performances. For example, it is useful to avoid consistent collisions between resources for direct discovery across carriers, which would systematically prevent inter-PLMN discovery for cells with colliding resources. One way to achieve this is to periodically time-shift the resource pools for discovery on different cells of different carriers. The periodic shifts may be a function of the PLMN ID (or, the carrier frequency, e.g. EARFCN) and Cell IDs and do not need to be explicitly signalled. 
Proposal 7 Consider randomization of the time offset for the discovery pools on different carriers to avoid consistent collisions among carriers.
3 Conclusion
In this contribution, based on the above discussion, we have proposed the following:
Proposal 1
In intra-eNB ProSe discovery, the eNB can provide the UE with type 2B discovery.
Proposal 2
The serving eNB can provide direct discovery resource information for other carriers using dedicated or broadcast signalling provided that such carriers are configured to broadcast SIB19 without any direct discovery resource information.
Proposal 3
If the UE is configured with discovery resource information for a particular carrier (i.e. configured by its serving eNB) and that carrier does not transmit SIB19, then the UE shall not perform direct discovery on that carrier.
Proposal 4
If the UE is configured with discovery resource information for a particular carrier (i.e. configured by its serving eNB) and that carrier transmits SIB19 containing discovery resource information, then the UE may perform direct discovery on that carrier according to the direct discovery resource information provided by the SIB19 of the carrier in question.
Proposal 5
A UE in RRC_CONNECTED shall indicate to the eNB the transmitting/monitoring frequencies in which ProSe discovery is of interest.
Proposal 6
A UE in RRC_IDLE shall initiate RRC connection if the pool of resources is not broadcasted in SIB19 for the frequencies in which the UE would like to perform direct discovery transmission/monitoring.
Proposal 7
Consider randomization of the time offset for the discovery pools on different carriers to avoid consistent collisions among carriers.
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