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In RAN#66, the WID for ProSe enhancements in 3GPP Release 13 has been approved and was further revised in RAN#67[1] considering RAN4’s work needed.  In the WID for ProSe enhancements, ProSe discovery support in presence of multiple carrier and PLMNs was identified as one technical feature for Release 13:
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, and RAN4].
In this paper, we discuss the potential solutions to support ProSe discovery in multiple-carrier scenario.  More specifically, we discuss whether and how the serving cell/eNB can provide the detailed ProSe discovery configuration in neighbor cells including intra and inter-frequency neighbor cells.  Our major proposal is that for Release 13, the serving eNB should be allowed to provide the detailed ProSe configuration about the neighboring cells including both intra-frequency and inter-frequency cells.
Analysis of Release 12 agreements and the limitations for Release 13
For ProSe discovery, in Release 12, it is agreed that the serving cell doesn’t provide the detailed ProSe configuration information about neighboring cells except the frequency list.  According to the definition of SIB19 in [2] and also provided in Annex part, for discovery monitoring, the serving cell can provide via SIB the resource pools which correspond to both the serving and neighboring cells.  For discovery announcement, SIB19 provides the resource pools UE is allowed to transmit while UE is in RRC_IDLE state.  And, for discovery announcements, scheduled mode is only supported for UEs in RRC_Connected state.


Figure 1. ProSe discovery in presence of multiple carriers
Regarding to the above Release 12 agreements, we observe some limitations for supporting discovery in presence of multiple carriers.  Referring to Figure 1, in order to support ProSe discovery in multiple-carrier scenario, one essential feature is to acquire the detailed ProSe discovery configuration information in addition to the frequency information.  However, if the serving cell does not provide neighbor cells’ detailed ProSe configuration such as discovery resource pools for announcing, UE has to acquire such information via SIB acquisition procedure which may be quite time and energy consuming with the increasing number of frequency layers and number of neighboring cells especially for inter-frequency scenario due to the need of gap allocation.
Observation 1: There are limitations for Release 12 solution to support discovery in presence of multiple carriers on how UE can acquire neighbor cells’ detailed ProSe discovery configuration.
Discussion on Potential Solutions
In Release 12, both UE-selected mode and scheduled mode have been specified for ProSe discovery.  To support discovery support in multiple-carrier scenario, we think UE-selected mode should be firstly studied because in such mode, discovery operation doesn’t rely on the scheduling of the serving eNB/cell.  On the other hand, UE-selected mode is common for both RRC_IDLE and RRC_Connected state UEs but scheduled mode is only applicable for RRC_Connected mode UEs.
Proposal 1: For ProSe discovery support in presence of multiple carriers, RAN2 should prioritize UE-selected mode.
For scheduled mode, we think that this is only applicable for UEs in RRC_Connected state and one may argue that CA-based solution i.e. UE is controlled by PCell and can use SCell radio resources.  However, we think that the relationship among current serving cell and other neighboring cells should be clarified, i.e., whether UE can treat the current serving cell as PCell and treat other neighboring cells as SCell.  This would anyway impact whether and to what extent could CA solutions be reused in such scenario.  For example, for a non-CA capable UE which can access carrier 1 and carrier 2, if carrier 1 is current serving carrier, it can not schedule the resource in carrier 2 for the UE.
Proposal 2: RAN2 to clarify for scheduled mode whether and how CA-based solutions can be applied to schedule mode for support of ProSe discovery in presence of multiple carriers.
The following analysis in this paper focuses on UE-selected mode.
Basically, for the sake of future-proof solutions, in Release 13, we propose RAN2 to discuss whether serving cell can be allowed to provide the detailed ProSe discovery configuration information in order to overcome the observed limitation.  Basically, we think both SIB-based solution and RRC-base solution could be considered.
Proposal 3: RAN2 should discuss whether for Release 13, serving eNB should be allowed to provide the ProSe configuration information about neighboring cells via SIB or dedicated signaling.
We think that RAN2 should firstly consider SIB enhancements as a solution.  For example, in Release 13, SIB19 can be extended or new SIB can be defined to deliver the detailed ProSe discovery configuration such as discovery resource pools for both announcement and monitoring.  The benefit of SIB-based approach is that all the UEs including those in RRC_IDLE state under current serving cell can receive such configuration.  On the other hand, as SIB capacity may be a bottleneck, RAN2 should discuss how to reduce the number of bits required, e.g., during SIB broadcasting, in some SIBs, only delta configuration is included.  Also, the periodicity of such system information should also be discussed so that the whole load due to SIB broadcasting can be kept in an acceptable level.
Proposal 4: If SIB-based approach is agreed as one solution to deliver neighbor cells’ detail ProSe discovery configuration, RAN2 should discuss how to reduce the number of bits and the periodicity of the system information.
In addition to SIB-based approach, RRC-based approach can also be considered.  The benefit of RRC-based approach is that no SIB capacity concern remains.  However, it should be noted that RRC-based approach may require eNB to send reconfiguration messages to lots of UEs and idle state UE can not be informed unless entering RRC_Connected state  So, we think that for this option, RAN2 should discuss how the number of concerned UEs can be reduced.  One possible solution is that only those UEs that wish to have ProSe discovery message transmission in other cells need such information.  The eNB may also trigger some UEs selectively to steer it to the other carriers in order to reduce the load of current serving cell. Another possibility is that such reconfiguration message should consider UE capability information e.g. whether the UE can support ProSe transmission in the concerned carrier(s).  This can be realized by eNB implementation assuming eNB is already aware of the UE’s TX/RX capability regarding to multiple carriers.
Proposal 5: If RRC-based approach is agreed as one solution, RAN2 should discuss how to reduce the number of concerned UEs that need to obtain such configuration information.
Conclusion
In this contribution, we discussed the ProSe discovery issues in presence of multiple carriers and have the following proposals:
Proposal 1: For ProSe discovery support in presence of multiple carriers, RAN2 should prioritize UE-selected mode.
Proposal 2: RAN2 to clarify for scheduled mode whether and how CA-based solutions can be applied to schedule mode for support of ProSe discovery in presence of multiple carriers.
Proposal 3: RAN2 should discuss whether for Release 13, serving eNB should be allowed to provide the ProSe configuration information about neighboring cells via SIB or dedicated signaling.
Proposal 4: If SIB-based approach is agreed as one solution to deliver neighbor cells’ detail ProSe discovery configuration, RAN2 should discuss how to reduce the number of bits and the periodicity of the system information.
Proposal 5: If RRC-based approach is agreed as one solution, RAN2 should discuss how to reduce the number of concerned UEs that need to obtain such configuration information.
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Annex A: Definition of SIB19 in TS 36.331
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

	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.



	Conditional presence
	Explanation

	Tx
	The field is mandatory present if discTxPoolCommon is included. Otherwise the field is optional present, need OR.
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