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1 Introduction

In this paper, we highlight the issue of discovery efficiency cross multiple carriers and PLMNs for attentions.

According to TS36.331[1], we have
The IE SystemInformationBlockType19 indicates E-UTRAN supports the sidelink UE information procedure and may contain sidelink direct discovery related resource configuration information.
SystemInformationBlockType19 information element
-- ASN1START

SystemInformationBlockType19-r12 ::= SEQUENCE {


discConfig-r12





SEQUENCE {



discRxPool-r12





SL-DiscRxPoolList-r12,



discTxPoolCommon-r12



SL-DiscTxPoolList-r12 


OPTIONAL,
-- Need OR



discTxPowerInfo-r12



SL-DiscTxPowerInfoList-r12 
OPTIONAL,
-- Cond Tx


discSyncConfig-r12




SL-SyncConfigList-r12

OPTIONAL
-- Need OR


}

















OPTIONAL,
-- Need OR


discInterFreqList-r12



SL-CarrierFreqInfoList-r12

OPTIONAL,
-- Need OR


lateNonCriticalExtension


OCTET STRING





OPTIONAL,


...

}

SL-CarrierFreqInfoList-r12 ::=
SEQUENCE (SIZE (1..maxFreq)) OF SL-CarrierFreqInfo-r12
SL-CarrierFreqInfo-r12::= 

SEQUENCE {


carrierFreq-r12 




ARFCN-ValueEUTRA-r9,


plmn-IdentityList-r12


PLMN-IdentityList4-r12


OPTIONAL
-- Need OP
}

PLMN-IdentityList4-r12 ::=
SEQUENCE (SIZE (1..maxPLMN-r11)) OF
PLMN-IdentityInfo2-r12

PLMN-IdentityInfo2-r12 ::=

CHOICE
{


plmn-Index-r12




INTEGER (1..maxPLMN-r11),


plmnIdentity-r12



PLMN-Identity

}

-- ASN1STOP

2 Discussion
2.1 The discovery of inter-carrier and inter-PLMN
In the case of intra-PLMN, the inter-carrier discovery defines the scenario that a UE is camping on one carrier but would like to monitor other carriers for the discovery purpose. Then the UE needs to know the frequencies of the carriers supporting the ProSe discovery in order to perform the monitoring and further discover the radio resources on multiple carriers. A list of frequency information about the carriers supporting ProSe discovery is provided. As indicated in TS36.331[1], we have
	SystemInformationBlockType19 field descriptions

	discInterFreqList

Indicates the neighbouring frequencies on which sidelink direct discovery announcement is supported.

	discRxPool

Indicates the resources by which the UE is allowed to receive sidelink direct discovery announcements while in RRC_IDLE and while in RRC_CONNECTED.

	discSyncConfig

Indicates the configuration by which the UE is allowed to receive and transmit synchronisation information. E-UTRAN configures discSyncConfig including txParameters when configuring UEs by dedicated signalling to transmit synchronisation information.

	discTxPoolCommon

Indicates the resources by which the UE is allowed to transmit sidelink direct discovery announcements while in RRC_IDLE.

	plmn-IdentityList

List of PLMN identities for the neighbouring frequency indicated by carrierFreq. Absence of the field indicates the same PLMN identities as listed in plmn-IdentityList (without suffix) in SystemInformationBlockType1.

	plmn-Index

Index of the corresponding entry in field plmn-IdentityList (without suffix) within SystemInformationBlockType1.


In another case, the inter-PLMN discovery defines the scenario that a UE intends to monitor a carrier in a PLMN that is not the one camping on. This mainly describes the commercial use case that a UE allows to discover the ProSe discovery messages cross the PLMNs. From the aspect of efficiency, a UE would be benefit by providing a list of PLMNs and frequencies of the carriers that supporting the ProSe discovery.
Observation 1 The UE needs to know which PLMNs and the carriers to monitor for better efficiency in the ProSe discovery. A list of carriers and PLMNs is provided in SIB19  for the interested UE to perform the monitoring. 
2.2 The efficiency improvement in the inter-carrier and inter-PLMN discovery
In the use cases of ProSe discovery, a UE may not only need to monitor multiple carriers in one PLMN. For a better discovery experience, a UE is allowed to monitor the carriers of other PLMNs and decodes the discovery messages. Hence it is expected that the number of discovery signals required for a UE to process would be many. The design to allow the message being discovered in an efficient way is demanded.  
For the inter-carrier discovery in the intra-PLMN scenario, a UE scan all the carriers supporting ProSe and decode the message can be time-consuming. From the viewpoint of a specific discovery message provided by a specific D2DUE, a receiving UE would literally perform an exhaustive search to acquire it. This is very inefficient in term of quality of service. Hence, we suggest that first a list of carriers supporting ProSe discovery should be provided and arranged with some orderings or prioritizations or other means that are for the best interests of the receiving UE. Secondly, the cross-carrier scheduling may be considered for better efficiency of ProSe discovery in term of the quality of service.
Proposal 1 The list of frequency of carrier should be provided and prioritized with an ordering from the efficiency aspect for the inter-carrier discovery in the intra-PLMN scenario.
Proposal 2 Cross-carrier scheduling may be beneficial better efficiency of ProSe discovery in term of the quality of service.

For the inter-PLMN discovery, a UE need to scan multiple carriers among multiple PLMNs. The load of discovery can be heavy and lead to a bad discovery experience. Hence, we also suggest that the list with PLMNs supporting ProSe discovery should be provided and arranged for the receiving UE’s best interests.
Proposal 3 For inter-PLMN discovery, the list of frequency of carrier should be provided and prioritized with an ordering from the efficiency aspect.
3 Conclusion

In this paper we made the following observations and proposals: 

Observation 2 The UE needs to know which PLMNs and carriers to monitor for better efficiency in the discovery. A list of carriers and PLMNs is provided in SIB19 for the interested UE to perform the monitoring.

Proposal 1: The list of frequency of carrier should be provided and prioritized with an ordering from the efficiency aspect for the inter-carrier discovery in the intra-PLMN scenario.
Proposal 2: Cross-carrier scheduling may be beneficial better efficiency of ProSe discovery in term of the quality of service.

Proposal 3: For inter-PLMN discovery, the list of frequency of carrier should be provided and prioritized with an ordering from the efficiency aspect.

[1] 3GPP TS 36.331 V12.5.0 (2015-03)
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