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1. Introduction
In RAN2#87, the issues on the support of ProSe discovery in multi-carrier were identified and the agreements were reached [1], however the load balancing aspect has not been discussed yet; 
	Need to support discovery transmission on carrier other than serving carrier? If not, is there an impact on load balancing (if UEs reselect to a common ProSe carrier) or on battery consumption (if UEs are supposed to monitor beacons on several carriers)?


	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).

[…]


With regard to ProSe communication, the multi-carrier operation was also discussed and the following procedural outline was agreed in RAN2#87 [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.  


This contribution discusses further details on the reselection priorities of IDLE UEs to support ProSe discovery/communication in Rel-12.
2. Working assumption on IDLE UEs
In the case of MBMS, it is assumed that the UE will camp on the cell which provides an MBMS service of interest as long as the UE only has a single receiver. On the other hand, for discovery monitoring it may not be necessary for the UE to camp on a cell which supports ProSe discovery in accordance with the implications of agreement 4 at RAN2#87 [1], i.e. “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.” This is similar to the case of the existing inter-frequency measurement using CRS. 

Confirmation 1: 
UEs interested in inter-frequency (and inter-PLMN) discovery monitoring is not required to camp on the cell which supports ProSe discovery. 
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Fig. 1
Discovery monitoring without cell reselection (Confirmation 1:)

With regard to ProSe communication reception, it can be handled with the same assumption as discovery. It was already agreed for Rel-12 that all ProSe communication (for a UE) is performed on a single carrier which is known by pre-configuration to UEs. Additionally, for ProSe indication for communication, no distinction was made between transmission and reception in the current agreement. Therefore, in Rel-12, ProSe communication transmission and reception should not be separated, i.e. the UE should tune to a carrier for ProSe communication regardless of whether it’s for reception or transmission. Accordingly, the UE should also camp on the carrier for ProSe communication reception. 
Observation 1: For ProSe communication reception, the UE should camp on the cell which supports ProSe communication. 
3. Priority handling during cell reselection

For UEs in RRC_CONNECTED, the load balancing among inter-frequency cells including non-ProSe-supported cells can be optimized using handovers based on ProSe Indications. However, it isn’t clear whether there is any need for modifying the existing reselection procedure and priority to accommodate UE’s interested in discovery monitoring or communication. In particular, any changes to the reselection procedure and priority should be carefully considered since the reselection priority is specifically configured for UEs through CellReselectionPriority provided in SIB5 or by dedicated signalling for load balancing. 

As it is for the case for reselection priorities for MBMS, UEs that are no longer interested in ProSe discovery or communication should follow the existing reselection priority configured by the eNB. 

Observation 2: IDLE UEs no longer interested in ProSe discovery or ProSe communication shall follow the existing rules for cell reselection priority. 

3.1. Prioritization for ProSe discovery
It was pointed out in [2]

 REF _Ref401763971 \w \h 
[3], that RAN2 should further consider whether the UE in IDLE is allowed to prioritize ProSe discovery over the existing cell reselection procedure when the UE is interested in ProSe discovery. If the inter-frequency cell is not synchronized with the serving cell, it should be considered whether the existing DRX occasions is sufficient for discovery monitoring on another frequency. Additionally if it is assumed that UEs interested in ProSe discovery monitoring also tends to be interested in ProSe discovery announcing, it may be preferable that UEs camp on a cell operated on a carrier listed in SIB19 to avoid the need to perform reselection just before announcing. However, in some network deployments if UEs are only interested in discovery monitoring, there seems to be no overriding reason to prioritize the carrier listed in SIB19 during cell reselection. Therefore, the network should have a means to decide whether the prioritization of the ProSe carrier during cell reselection is really needed. One approach would be to allow the eNB to indicate in SIB19 or dedicated signalling whether UEs should apply the existing cell reselection rule or a new rule reselection rule for discovery, wherein the new rule may be an extension of the existing cell reselection, i.e. combination use of CellReselectionPriority in SIB5 AND new CellReselectionPriority for discovery in SIB19 or dedicated signalling.
Proposal 1: The eNB should indicate in SIB19 or dedicated signalling whether the UE needs to follow the existing reselection rule or whether the UE is allowed to prioritize ProSe discovery for reselection.
3.2. Prioritization for ProSe communication
With ProSe communication, the reselection priority for ProSe communication is already decided, since it was agreed in RAN2#87 [1] that an IDLE UE may reselect to the ProSe carrier once it detects a suitable cell there. In RAN2#87bis, many companies also provided further clarifications on priority handling when the UE is interested in ProSe communication [4][5]

 REF _Ref401940249 \w \h 
[6]

 REF _Ref401940414 \w \h 
[7][8] and the discussions seem to converge on two options; 
· Option 1: Additional parameters built on the existing cell reselection criteria, i.e. similar to ThreshX, HighP, ThreshX, LowP. 

· Option 2: By reusing the existing MBMS rules, UEs should be allowed to consider the ProSe communication frequency as the highest priority frequency. 

Option 1 would allow the network to control IDLE UEs with high precision, while Option 2 simply allows the UE to prioritize ProSe communication based on UE implementation. Considering the need to support Public Safety in Rel-12, UEs should be allowed to prioritize ProSe Communication over any other services. Therefore, Option 2 is preferable as a baseline. 
Proposal 2: UEs should be allowed to prioritize ProSe communication frequency as the highest priority frequency during reselection. 

Proposal 2 should also be applicable to the pre-configured frequency, i.e. the frequency provided by UICC in the out-of-coverage scenario. This way, reselection priority for ProSe communication can be accounted for in both Public Safety frequency and commercial frequencies in the future. 
Proposal 3: When higher layer provides a frequency pre-configured in UICC the UE shall consider that frequency to be the highest priority during performing or interested to perform ProSe communication. 
In addition to the priority handling during cell reselection, there should be a mechanism for the UE to initiate PLMN selection while the UE is in the connected mode.  Since it may not be possible for the serving cell to handover the UE directly to another cell belonging to a different PLMN, it would be necessary the serving cell to release the UE, so that reselection to another PLMN will be possible [11]. This condition is depicted under scenario (B) and scenario (C) of [11] and reproduced below as Fig. 2 for convenience.  In order to initiate PLMN selection, three alternatives may be considered assuming the UE is released from the serving cell. 

· ALT 1: The AS reports only the PLMN corresponding to the ProSe carrier to the NAS autonomously, in section 5.1 in TS 36.304 [9]. 
· ALT 2: The AS stores the information corresponding to the ProSe carrier in its memory for optimization of PLMN search and wait for the request of PLMN search from the NAS, in section 5.1.2.2 in TS 36.304 [9]. 

· ALT 3: The releaseCause in RRCConnectionRelease is set with newly defined “pS-ProSe” and it’s informed to NAS as the release cause which may intend to trigger PLMN selection, in section 5.3.8 in TS 36.331 [10].
ALT 1 is straight-forward and reliable method, but it may need to modify the mature interface to the NAS. ALT 2 is built on current mechanism even though the procedure may seem redundant. ALT 3 is based on similar concept of the existing CS Fallback mechanism, while it’s expected that specification impacts in NAS and the out-of commercial coverage cannot be applicable, i.e. case (A) and (D) in Fig. 2. Considering the WI completion in Rel-12 time frame and assuming the higher layer knows whether the UE is interested in ProSe communication now, we think RAN2 should go with ALT 2. 
Proposal 4: RAN2 should assume that the NAS initiate appropriate action to move the ProSe carrier upon RRC Connection Release. 
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Fig. 2
Inter-frequency scenarios (refer to Figure 1 in [11]
3.3. Prioritization between discovery and communication
If Proposal 1 and Proposal 2 are acceptable, a conflict of carrier prioritization may occur if the UE is interested in both ProSe discovery and ProSe communication. 
If we further consider the scenario whereby ProSe discovery may also be used for Public Safety, it is unclear whether ProSe discovery or ProSe communication should be prioritized. In particular, the AS layer alone wouldn’t be able to determine which usage should be prioritized, i.e. Public Safety discovery or Public Safety communication. The carrier in which the UE camps on will allow for both announcing/transmission and monitoring/reception, while the non-serving carrier will be limited to monitoring/reception only. Therefore, the higher layer should provide the necessary information for the prioritization between the ProSe services, i.e. Public Safety discovery and Public Safety communication, if any. 
Proposal 5: If the UE is interested in both Public Safety discovery and Public Safety communication the prioritization between these two services should be decided by higher layers. 
3.4. Prioritization between ProSe services and other functionalities
If Proposal 1 and Proposal 2 are acceptable, it should also be considered whether prioritization between ProSe services and the existing functionalities, i.e. CSG and MBMS is needed. If Proposal 3 is acceptable, Public Safety should always be prioritized.
With the same reasoning as before, Public Safety carrier for discovery should be prioritized over the carriers for CSG or MBMS, when the UE is interested in Public Safety discovery. The serving cell should inform the UE which carrier supports Public Safety discovery. 
Proposal 6: The carrier for Public Safety discovery should be prioritized over the carriers for CSG or MBMS when the UE is interested in Public Safety discovery and the serving cell should inform the UE which carrier supports Public Safety discovery.
Then, the remaining issue is the prioritization between commercial discovery, CSG and MBMS. In the current specification, the UE shall prioritize the frequency on which the UE camped on suitable CSG cell, while the UE may also prioritize MBMS frequency during an MBMS session of interest. We think the existing reselection rule for MBMS may be reused for commercial discovery at least in Rel-12, but it is ultimately up to UE implementation. 
Proposal 7: It is up to UE implementation whether the frequency for ProSe discovery should have the highest priority for reselection. 
4. Conclusion 
In this paper, the priority handling during idle mode cell reselection for inter-frequency and inter-PLMN ProSe discovery/communication is discussed and the issues are identified. The necessary extensions for the idle mode procedure are addressed. RAN2 is kindly asked to take into account the observation and proposals below. 
Confirmation 1:
UEs interested in inter-frequency (and inter-PLMN) discovery monitoring is not required to camp on the cell which supports ProSe discovery.
Observation 1:
For ProSe communication reception, the UE should camp on the cell which supports ProSe communication.
Observation 2:
IDLE UEs no longer interested in ProSe discovery or ProSe communication shall follow the existing rules for cell reselection priority.
Proposal 1:
The eNB should indicate in SIB19 or dedicated signalling whether the UE needs to follow the existing reselection rule or whether the UE is allowed to prioritize ProSe discovery for reselection.
Proposal 2:
UEs should be allowed to prioritize ProSe communication frequency as the highest priority frequency during reselection.
Proposal 3:
When higher layer provides a frequency pre-configured in UICC the UE shall consider that frequency to be the highest priority during performing or interested to perform ProSe communication. 
Proposal 4:
RAN2 should assume that the NAS initiate appropriate action to move the ProSe carrier upon RRC Connection Release.
Proposal 5:
If the UE is interested in both Public Safety discovery and Public Safety communication the prioritization between these two services should be decided by higher layers. 
Proposal 6:
The carrier for Public Safety discovery should be prioritized over the carriers for CSG or MBMS when the UE is interested in Public Safety discovery and the serving cell should inform the UE which carrier supports Public Safety discovery. 
Proposal 7:
It is up to UE implementation whether the frequency for ProSe discovery should have the highest priority for reselection.
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