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1. Introduction
In RAN2#87, support of ProSe discovery in multi-carrier operation with the ProSe Indication was agreed [1];  
	Agreements
1
RAN2 aims to support of Inter-Frequency and Inter-PLMN discovery for monitoring UEs will be introduced.

[…]
3
UEs transmit ProSe discovery signals only on their serving cell (if authorized by the NW). 

4
Intra- and inter-frequency (and inter-PLMN) ProSe reception does not affect Uu reception (e.g. UEs use DRX occasions in IDLE and CONNECTED to perform ProSe discovery reception or it uses a second RX chain if available). The UE shall not create autonomous gaps. 


If the UE has to obtain ProSe discovery (2a) configuration from the SIB of an inter-frequency cell, this does not affect the UE’s Uu reception on the serving cell(s).
5
An RRC CONNECTED UE interested (or no longer interested) in intra- or inter frequency ProSe discovery reception indicates this by sending a “ProSe indication” to the eNB (further restrictions to be discussed). 


With regard to ProSe communication, the multi-carrier operation was also discussed and the outline of procedures was agreed in RAN2#87 as follows [1]; 

	Agreements (for ProSe communication)
[…]
2
A CONNECTED UE sends a ProSe indication to its serving cell when it wants perform ProSe communication. The indication contains the intended ProSe frequency.

3
The serving cell may configure an inter-frequency RRM measurement on the ProSe carrier and based on the measurement report trigger inter-frequency mobility to that ProSe carrier once the UE enters coverage on a cell on the ProSe carrier. 

4
An IDLE UE may reselect to the ProSe carrier once it detects a suitable cell there. 

[…]
6
For Rel-12 we assume that all ProSe communication (for a UE) is performed on a single carrier which is known by pre-configuration to UEs.  


Also, further agreements on how to handle SIB18 (now SIB19) and the ProSe Indication were reached in RAN2#87bis [2]; 

	1
The eNB indicates with presence of SIB18 whether the UE is allowed to send ProSe indications.


	1a
SIB18 provides detailed ProSe discovery configuration for the carrier on which this SIB18 is sent (intra-frequency, inter- and intra-cell). 

1b
SIB18 provides a list of additional frequencies (EARFCNs and PLMN ID for inter-PLMN frequencies) on which ProSe discovery announcements are provided. The SIB18 does not contain the detailed ProSe configurations for those. 
1c
Both of the above are optional in SIB18


Taking the agreements into account, this contribution discusses the handling of multi-carrier ProSe operation. 
2. Discussion
2.1. UE behaviour upon reception of the list of ProSe discovery carriers

As RAN2 agreed, an eNB may provide in SIB a list of carriers on which the UE may aim to receive ProSe discovery signals. This agreement implies that the list is either a restriction or an assistant to the UE or both. Our preference is that the list should be considered as assistance information for the monitoring UE to reduce unnecessary power consumption, i.e. the UE may or may not monitor ProSe discovery signals transmitted on the carriers provided in the list. Additionally, if some ProSe carriers provided in SIB19 from a neighbour cell in PLMN2 are not listed in the SIB19 of the serving cell in PLMN1, the UE is allowed to monitor discovery signals transmitted on these ProSe carriers not listed in the serving cell’s SIB19, as depicted in Fig. 1. With the above understanding, it would also follow that the UE may further decide to monitor discovery over yet another PLMN (i.e. PLMN 3 not illustrated in Fig. 1) regardless whether any of frequency on this PLMN is listed in SIB19 of the serving cell. As long as the UE has authorization from the higher layer to perform discovery there should be no impact on the Uu reception. 

Proposal 1: The UE is not required to monitor discovery based on the ProSe carriers listed on the SIB19 of its serving cell. Furthermore, there should not be any restriction for the UE to monitor other ProSe discovery carriers that are not listed in SIB19 of its serving cell.  
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Fig. 1
A case of mismatched lists in SIB19s from different PLMNs

2.2. Interaction between SIB18/19 presence and ProSe Indication 
In RAN2#87bis [2], it was agreed that the eNB indicates with presence of SIB18 whether the UE is allowed to send ProSe indications and Introduce separate SIBs for Communication and Discovery. Then it should be further clarified whether the presence of SIB18 only but not SIB19 is an indication that the UE is allowed to send ProSe Indication for communication. Similar clarification is also needed for the case only SIB19 is provided by the serving cell [3].  
Observation 1: If the serving cell indicates the presence of only SIB18, the UE is allowed to send the ProSe Indications for communication. And if the serving cell indicates the presence of only SIB19, the UE is allowed to send the ProSe Indications for discovery.
Thus far, RAN2 has assumed that only a limited number of carriers supports ProSe discovery [2][4][5]. However, this does not mean the other carriers are not ProSe aware. It’s just that no discovery resources are provided in certain carriers. These other carriers that do not provide discovery resource may be perfectly capable of handling the ProSe indication for discovery. 
Observation 2: Serving cells that do not provide discovery resources may still have the capability to handle ProSe Indication. 

For a UE connected to a carrier which does not support discovery, it should also be allowed to send the ProSe Indication to the serving cell in order for the serving cell to handover the UE to a carrier that does provide discovery resources, mainly for the case when the UE is interested in discovery announcing. If the serving cell does not know which carrier supports discovery, it can determine the target carrier according to the frequency of interest indicated in the ProSe Indication. So, the serving cell should broadcast SIB19, as long as the serving cell is capable of supporting ProSe Indication for discovery. This should not be any different for ProSe Indication for communication. 
Observation 3: The broadcasting of SIB18/19 by the serving cell should be independent of the serving cell’s support for ProSe services and its knowledge of carriers that do supports ProSe services. 
Table 1 shows a summary of above discussion. To support the condition in Observation 3:, the SIB19 should be broadcasted even if the values of two IEs are null. Correspondingly, Table 2 shows a summary for the SIB18. To avoid dummy configuration in commRxPool-r12, the SIB18 should have commConfig-r12 with null. 
Proposal 2: The serving cell may provide SIB18 or SIB19 containing null IEs. 
Table 1
SIB19 availability and corresponding conditions (referred to agreement [2])
	
	SIB19 available
	SIB19 unavailable

	IEs in SIB19
	has 
only 1a
	has 
only 1b
	has 
1a and 1b
	not have 
1a/1b
(NULL)
	-

	Discovery announcing is allowed on the carrier of serving cell? 
	Yes
	No
	Yes
	No
	No

	eNB needs to know other carrier?
	No
	Yes
	Yes
	No
	No

	ProSe Indication is acceptable?
	Yes
	Yes
	Yes
	Yes
	No



Note: 
“1a” denotes the detailed ProSe discovery configuration


“1b” denotes the list of additional frequencies (EARFCNs and PLMN ID)
	1a
SIB18 provides detailed ProSe discovery configuration for the carrier on which this SIB18 is sent (intra-frequency, inter- and intra-cell). 

1b
SIB18 provides a list of additional frequencies (EARFCNs and PLMN ID for inter-PLMN frequencies) on which ProSe discovery announcements are provided. The SIB18 does not contain the detailed ProSe configurations for those. 
1c
Both of the above are optional in SIB18


Table 2
SIB18 availability and corresponding conditions
	
	SIB18 available
	SIB18 unavailable

	IEs in SIB18
	has 
Config 
with RxPool
	has also
General
	has also
TxPool
	not have 
Config
(NULL)
	-

	Communication transmission is allowed on the carrier of serving cell? 
	No
	May yes
	Yes
	No
	No

	ProSe Indication is acceptable?
	Yes
	Yes
	Yes
	Yes
	No
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Note:
“Config” denotes commConfig-r12, 
“RxPool” denotes commRxPool-r12
“General” denotes commGeneralConfig-r12
“TxPool” denotes commTxPoolNormalCommon-r12 and commTxPoolExceptional-r12. 
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Fig. 2
SIB19 containing null IEs

2.3. Dead-lock condition due to non-ProSe-aware eNB
In the approved LS reply from RAN3 to SA2 on Introducing the ProSe Authorized IE in S1-AP and X2-AP [6], RAN3 assumes mixed deployments of ProSe-aware and non-ProSe-aware eNBs in addition to ProSe-supporting and non-ProSe-supporting eNBs are deployed in the same area, wherein we assume the ProSe-aware eNB and the ProSe-supporting eNB indicate the same thing and the non-ProSe-aware eNB and the non-ProSe-supporting eNB also mean the same thing. The non-ProSe-aware eNB may be interpreted as either a legacy eNB which cannot decode the ProSe Indication or Rel-12 eNBs which does not support ProSe Indication. Assuming a ProSe capable UE is in a handover region between two eNBs, one of which is a legacy eNB and the other eNB is a ProSe-aware eNB, the UE may be connected to the legacy eNB or non-ProSe-aware eNB before it becomes interested in ProSe discovery or communication. In this condition as illustrated in Fig. 3, there’s no way for the UE to perform the ProSe services of interest even if the UE has been authorized to perform the ProSe services by higher layer, i.e. the ProSe function. Therefore, RAN2 should consider whether such dead-lock condition should be resolved for multi-carrier ProSe operations. 
Proposal 3: RAN2 should consider if the dead-lock condition needs to be resolved. 
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Fig. 3
Dead-lock condition due to non-ProSe-aware eNB

If Proposal 3 is agreed, there should be a mechanism to allow the UE to be disconnected from this serving cell using one of the following alternatives; 
· ALT 1: The UE has a means to inform its serving cell for RRC connection release. 

· ALT 2: The UE has means to request RRC connection release to higher layer. 
ALT 1 is smarter way, however it may need to change legacy specifications if RAN2 assumes legacy eNBs are available in a network. ALT 2 triggers higher layer-initiated connection release, which may have impacts on higher layer specifications. From Rel-12 completion point of view, ALT 1 seems to have minimum impacts on the specifications because the impacts are limited to RAN2. . 
Proposal 4: If it is necessary to resolve the dead-lock condition, RAN2 should consider if one of the two alternatives should be adopted. 
3. Conclusion 
In this paper, the UE behaviour upon reception of multiple system information blocks from multiple carriers including inter-PLMN frequency was discussed. The issues on the interaction between the system information and the ProSe Indication were also identified with possible solutions. RAN2 is kindly asked to take into account the observation and proposals below. 
Proposal 1:
The UE is not required to monitor discovery based on the ProSe carriers listed on the SIB19 of its serving cell. Furthermore, there should not be any restriction for the UE to monitor other ProSe discovery carriers that are not listed in SIB19 of its serving cell.
Observation 1:
If the serving cell indicates the presence of only SIB18, the UE is allowed to send the ProSe Indications for communication. And if the serving cell indicates the presence of only SIB19, the UE is allowed to send the ProSe Indications for discovery.
Observation 2:
Serving cells that do not provide discovery resources may still have the capability to handle ProSe Indication.
Observation 3:
The broadcasting of SIB18/19 by the serving cell should be independent of the serving cell’s support for ProSe services and its knowledge of carriers that do supports ProSe services.
Proposal 2:
The serving cell may provide SIB18 or SIB19 containing null IEs.
Proposal 3:
RAN2 should consider if the dead-lock condition needs to be resolved.
Proposal 4:
If it is necessary to resolve the dead-lock condition, RAN2 should consider if one of the two alternatives should be adopted.
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