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1. Introduction
At TSG-RAN#66, the new work item on Enhanced LTE Device to Device Proximity Services was approved [1]. One of the objectives in this WI is; 
	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].


In this contribution, it is discussed to optimize ProSe discovery mechanism for more efficient inter-frequency and inter-PLMN operations from both announcing and monitoring perspectives. 
2. Discovery announcing aspects 
2.1. Scenarios for inter-frequency discovery announcing 
In Rel-12 the discovery announcing was allowed only on its serving cell [2], while the possibility in Rel-13 to use the other frequencies than the serving cell was suggested in [3]. In Rel-13 it is expected to optimize Rel-12 mechanism under multi-carrier deployment. For example in Rel-12, since the resource pools are statically configured by OAM, when the serving cell does not have enough Tx resources, it needs to perform handover the UEs interested in discovery announcing to the other frequencies. Such increased handover may cause unnecessary signalling and potential handover failures. Furthermore, if the UE does not detect any neighbour cells, handover is not even an option for the serving cell. Therefore, in Rel-13 a more flexible scheme to allow the inter-frequency discovery announcing with camping on the serving frequency should be considered. Furthermore, since the discovery announcing is already allowed in both idle and connected modes, the Rel-13 mechanism should also follow the same principle. 
Proposal 1 Inter-frequency discovery announcing in both idle and connected modes should be supported in Rel-13. 
Today, some complex deployments should be taken into consideration. These deployments include the multi-carrier deployment for hot spot capacity enhancements and the heterogeneous network with macro layers and small cell layers [4]. As depicted in Fig. 1, there could be three essential scenarios for inter-frequency discovery announcing from the UE’s perspective; 
· Scenario 1: The UE which camps on F1 is not aware of any F2 coverage (i.e., there are no synchronization and control channel available in F2). 
· In this scenario, it may be possible that the radio resource allocations for discovery announcing on F2 are performed while the UE is camped on F1 of cell 1, as long as the UL interference to the neighbour cells operating on F2 is under control by means of e.g., appropriate Range Class, frequency planning and/or deployment policy. The resource allocation may be performed as the cross-carrier resource allocation for both Type 1 and Type 2B discovery. It is FFS how the discovery monitoring is performed on F2. 
· Scenario 2: The UE which camps on F1 is aware of F2 coverage provided by the same eNB. 

· In this scenario, the interference to Uu uplink on F2 should be considered when inter-frequency discovery announcing is performed. Since F2 is controlled by the same eNB for Cell 2, the discovery resource for announcing in F2 may be coordinated by the eNB to avoid Uu uplink interference on F2. 
· Scenario 3: The UE which camps on F1 is aware of F2 coverage provided by a different eNB. 

· This scenario is similar to the scenario 2, but the coverage on F2 is provided by different eNB from the eNB which the UE camps on. So, the interference issue is more significant than in scenario 2. Therefore, the Tx resources for inter-frequency discovery announcing should follow the configuration provided by the cell 2 operated on F2. Since the UE is still camping on the cell 1 on F1, the UE may perform Type 1 discovery according to Tx resource pool provided in SIB19 of F2.
Proposal 2 When the UE is not aware of any coverage on the other frequency, the serving cell should control the resource allocation for inter-frequency discovery announcing. 
Proposal 3 When the UE is aware of the coverage on the other frequency, the eNB which serves the neighbour cell operated on the frequency should control the resource allocation for inter-frequency discovery announcing. 
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Fig. 1
Scenarios for inter-frequency discovery announcing
Table 1
Resource allocation on each scenario 
	
	Scenario 1
	Scenario 2 
	Scenario 3 

	Conditions 
	UE 1 does not detect any cell on F2. 
	UE 2 detects coverage on F2 which is provided by the same eNB with the serving cell. 
	UE 3 detects coverage on F2 which is provided by different eNB from the serving cell. 

	Responsibility of resource allocation 
	Serving cell. 
	Neighbour cell or serving cell. 
	Neighbour cell. 

	Discovery type 
	Type 1 and Type 2B. 
	Type 1 if neighbour cell has responsibility. 

Type 1 or Type 2B if serving cell has responsibility. 
	Type 1. 


2.2. Additional procedures for inter-frequency discovery announcing 
For initiation of the inter-frequency discovery announcing, the serving cell should know whether the concerned UE is aware of cells on the other frequency, i.e., scenario 1 or scenario 2. If there is no coverage around the UE in F2 (i.e., scenario 1) or the UE detects the cell belonging to the same eNB operating the serving cell (i.e., scenario 2), the serving cell should configure the UE with appropriate parameters for inter-frequency discovery announcing. It could be considered that the serving cell reuses the existing measurement report triggering [5], e.g., the serving cell may implicitly know there is no coverage for the UE on F2 when no measurement report is triggered. 
Observation 1 The serving cell may reuse the existing measurement report triggering in order to know whether the UE is aware of coverage in the other frequency. 
As discussed in section 2.1, the inter-frequency discovery announcement is possible even if there is no coverage on the other frequency. In such case, the serving cell allocates the resources by means of cross-carrier resource allocation. Regardless of discovery type (i.e., Type 1 or Type 2B), the serving cell should provide the frequency indicator in SL-DiscConfig on RRCConnectionReconfiguration. It’s FFS whether SIB19 may also provide the Tx resource pool of the other frequencies. 
Proposal 4 The serving cell should indicate the frequency corresponding to the resource allocation in dedicated signalling for Scenario 1. 
In case that the UE is aware of the coverage on the other frequency which is provided by the other eNB (i.e., scenario 3), the UE should follow the Tx resource pool provided in SIB19 of non-serving cell. Since the UE can obtain the SIB19 on the other frequencies as defined in Rel-12 discovery monitoring, there’s no reason to limit the discovery announcing on non-serving frequency, if the UE is authorized by the NW. 
Proposal 5 The UE should be allowed to perform Type 1 discovery announcing provided in SIB19 by cells belonging to other frequencies. 
In case the UE detects a cell belonging to a different eNB (i.e., scenario 3) and wants to transmit on this cell, the UE will just follow the configuration provided by SIB19 provided by this eNB since the UE’s serving cell should not control the radio resources on F2. Depending of number of separate discovery messages (i.e., the resources for discovery announcement the UE wants), the UE will need to decide whether to use the Type 1 Tx resources on F2. If the UE decides to use the resources on F2 but it only has a single transmitter, the prioritization between Uu UL on F1 and discovery announcement on F2 should be decided by the serving cell. The serving cell should take care of the scheduling on Uu to ensure the UE has discovery announcement opportunities. Since the serving cell does not know the UE’s interest in discovery announcing on F2, the UE should inform the serving cell of the intended frequency(ies). The information may be included in the SidelinkUEInformation and the frequencies may be based on SL-CarrierFreqInfoList in SIB19 of the serving cell.  In addition, the serving cell may need to be informed of the detailed ProSe configuration (i.e., discTxPoolCommon or at least time pattern of Tx pool) of different eNB(s) by means of e.g., SidelinkUEInformation, inter-eNB information exchange over X2 or OAM in order for the serving cell to coordinates resource allocations for Uu UL, e.g., discovery announcement gap . 

Proposal 6 The UE should inform the serving cell of its intended frequencies for inter-frequency discovery announcing. 
Proposal 7 The serving cell should be informed of the Tx resource pool(s) configured by different eNB. 
2.3. Inter-PLMN discovery announcing 
The inter-PLMN discovery announcing is a special case of scenario 3 in Fig. 1. Therefore, if Proposal 6 is acceptable, it’s technically possible to support the same scheme in inter-PLMN discovery announcing as long as the UE is authorized by the NW.  However, it may cause some issues such as fairness of loads among PLMNs, further discussion may be needed. 
Observation 2 Inter-PLMN discovery announcing could be possible with Type 1 configured by SIB19 of the other PLMN. 
3. Discovery monitoring aspects 

In Rel-12, there was a conflict regarding the sidelink gap between the agreements in RAN2 and RAN1, and RAN2 decided to stick to their previous agreement [6]
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This agreement was quite reasonable assuming best-effort assumption and successfully contributed to Rel-12 WI completion.  However, since Rel-13 WI assumes multi-carrier operation, the discovery mechanism will face more difficulty in satisfying the need for “number of devices discovered” which was evaluated in Rel-12 study [8]. RAN2 should also keep in mind that for UEs with single receiver RAN1 has previously agreed that it’s too difficult to ensure a moderate discovery performance even in intra-frequency case let alone for such UEs to support the inter-frequency/PLMN case. 
Observation 3 With multi-carrier operation, best-effort assumption on discovery may not work well. 
As suggested in [9], in order to optimize the discovery mechanism for multi-carrier operation, the additional gaps for inter-frequency and inter-PLMN discovery monitoring should be revisited in Rel-13. 
Proposal 8 Sidelink gaps for inter-frequency/inter-PLMN discovery monitoring should be supported in Rel-13. 
4. Conclusion 
In this paper, the scenarios for inter-frequency discovery announcing are provided. Based on the analysis of the scenarios, additional procedures to support inter-frequency and inter-PLMN discovery announcing are introduced. In addition, the remaining issue in Rel-12 is revisited. RAN2 is kindly asked to take into account the observations/proposals below; 
Proposal 1
Inter-frequency discovery announcing in both idle and connected modes should be supported in Rel-13.
Proposal 2
When the UE is not aware of any coverage on the other frequency, the serving cell should control the resource allocation for inter-frequency discovery announcing.
Proposal 3
When the UE is aware of the coverage on the other frequency, the eNB which serves the neighbour cell operated on the frequency should control the resource allocation for inter-frequency discovery announcing.
Observation 1
The serving cell may reuse the existing measurement report triggering in order to know whether the UE is aware of coverage in the other frequency.
Proposal 4
The serving cell should indicate the frequency corresponding to the resource allocation in dedicated signalling for Scenario 1.
Proposal 5
The UE should be allowed to perform Type 1 discovery announcing provided in SIB19 by cells belonging to other frequencies.
Proposal 6
The UE should inform the serving cell of its intended frequencies for inter-frequency discovery announcing.
Proposal 7
The serving cell should be informed of the Tx resource pool(s) configured by different eNB.
Observation 2
Inter-PLMN discovery announcing could be possible with Type 1 configured by SIB19 of the other PLMN.
Observation 3
With multi-carrier operation, best-effort assumption on discovery may not work well.
Proposal 8
Sidelink gaps for inter-frequency/inter-PLMN discovery monitoring should be supported in Rel-13.
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