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1 Introduction
In RAN2#89bis and RAN2#90 meeting, RAN2 has agreed the option which eNB can configure a UE to transmit discovery in another carrier via RRC signalling. In the intra-PLMN scenario, RAN may provide discovery resources in multiple carriers. So, to support Type 1 discovery, eNB may deliver a list of carriers or resource pools information to UEs. So, a Tx-UE needs to decide a Tx-carrier from the given information for discovery announcements. In addition, Rx-UEs need to monitor multiple carriers for discovery monitoring, which could be in-efficient in when the loading of discovery monitoring is light. In this contribution, we will discuss supporting information for Tx-UEs to select the Tx-carrier. Based on our analysis, we propose a carrier selection solution which jointly considering the RAN’s preferences and the locally-observed loading to both Tx-UE and Rx-UE. In our simulation, we conclude that proposed solution benefits both Tx-UE and Rx-UE. 
2 Discussion   
 In RAN2#89bis and RAN2#90 meeting, RAN2 has achieved the following agreements for intra-PLMN   discovery.
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Here, we concentrate on the Type 1 discovery in intra-PLMN discovery scenario. We assume that more than one carriers support Type 1 discovery announcement and so RAN needs to provide a list of Tx-carriers in RRC signalling for Tx-UE to select one Tx-carrier. As shown in Fig. 1, eNB is operating in CC1 (component carrier 1) and CC2. A small cell in the coverage of eNB is operating in CC3.  Discovery resource pools are provided in {CC1, CC2 ,CC3} for Type 1 discovery. To achieve discovery announcement, Tx-UE needs to select one Tx-carrier among {CC1, CC2 ,CC3} to deliver discovery announcements. In addition, Rx-UEs also need to monitor {CC1, CC2 ,CC3} to detect discovery announcements in the resource pools of {CC1, CC2 ,CC3}. So, we assume RAN would provide the SL-DiscTxCarrierList ({ CC1, CC2, CC3}) to Tx-UEs. To discovery monitoring, RAN provides SL-DiscRxPoolList and discInterFreqList to Rx-UEs in SIB19. 
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Fig. 1 Type 1 discovery resource pools are provided in {CC1, CC2, CC3}
In this contribution, we will analyze how the UE decides the Tx-carrier from the given candidate carrier list. The first approach is RAN provides supporting information to Tx-UEs:  

A) RAN provides priority information 
eNB may provide priority information to UE because the different amount of discovery resource are provided in each carrier. eNB may decide the amount of discovery resources of {CC1, CC2, CC3} based on the cellular uplink traffic in each carrier. Moreover, to carriers which are operating in TDD mode, the amount of discovery resources also depends on the DL/UL configuration. So, eNB may prefer UE to select one Tx-carrier which provides more discovery resources.  
One additional benefit brought by RAN providing priority information is to improve the efficiency for Rx-UE to receive the discovery announcements. Now, RAN provides SL-DiscRxPoolList and discInterFreqList in SIB19 for UEs to receive discovery messages. In implementation, eNB can convey the priority information of each Cell/frequency by requiring Rx-UEs to monitor each cell/frequency by following the sequence in SL-DiscRxPoolList and discInterFreqList. By doing so, Rx-UEs would know which carrier is more important than others. It may help Rx-UEs to decide the sequence to monitor each carrier and so the efficiency of discovery monitoring may also be improved. 
Observation 1: eNB may provide priority information among multiple carriers for Tx-UE to decide the Tx-carrier. 

Observation 2: eNB may also provide priority information to help Rx-UE decide the sequence to monitor each carrier. 
Therefore, we propose RAN2 to discuss the carrier priority information when there are multiple available carriers for UEs to deliver discovery announcements. 
Proposal 1: RAN2 should consider providing priority information in the direct discovery resource information for both Tx-UE and Rx-UE.   
B) Tx-UE selection 
        However, to Type 1 discovery, the collision probability of discovery announcements would increase when lots of Tx-UEs delivering discovery announcements in the resource pools of high priority CC. 
Observation 3: Collision probability of discovery announcement would increase if Tx-UE decides Tx-carrier only based on priority information.   

To prevent the congestion problem, we propose a solution for Tx-UEs to select Tx-carrier based on: 1) carrier priority information provided by RAN, and 2) self-detected loading condition of discovery resource pools. In addition, we find the same concept would also help Rx-UE to improve the efficiency of discovery monitoring. Next, we will provide details of the proposed solution.  
C) Jointly consideration of priority information provided by eNB and UE selection approach
The proposed solution can be divided into the Tx-solution and Rx-solution. To Tx-UE, the proposed selection method includes: 
1) eNB provides priority information in the SL-DiscTxCarrierList. Here, we assume CC1 is the highest priority CC, CC2 is the second priority CC and CC3 is the lowest priority CC. 
2) Tx-UE calculates loading of CC1. Here, the loading of discovery resource in the carrier is the ratio of occupied resource blocks to the total discovery resources in one discovery period.  
3) Tx-UE selects CC1 as the Tx-carrier if the loading of CC1 is lower than a pre-defined threshold,
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. Otherwise, Tx-UE would calculate the loading of CC2 and then decide whether to select CC2 as the Tx-carrier. Tx-UE selects CC2 as the Tx-carrier if the loading of CC2 is lower than a pre-defined threshold,
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. Otherwise, Tx-UE would select CC3 as the Tx-carrier.  
An example is provided in Fig. 2. In Fig. 2, Tx-UE would select CC2 as the Tx-carrier because the loading of CC1, L1, is higher than 
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 and the loading of CC2, L2, is lower than
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Fig. 2 Tx-UE selects Tx-carrier based on priority information provided by RAN 

and self-detected loading information
Based on the Tx-solution, Tx-UEs would select high priority CC to deliver discovery announcement if the loading of high priority CC is under
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. So, with appropriate 
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, the proposed solution could prevent serious congestion pproblem to discovery announcement.  
In addition to Tx-solution, we also provide Rx-solution for discovery monitoring: 
1) eNB provides same priority information to Rx-UEs.
2) Rx-UE monitors CC1 first. During discovery monitoring, Rx-UE would calculate the loading of CC1 , L1,rx. 
3) Rx-UE would monitor CC2 if L1,rx is higher than another pre-defined threshold, 
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. Otherwise, Rx-UE would skip CC2 and so CC3. 
4) If Rx-UE decides to monitor CC2, then Rx-UE would also decide whether to monitor CC3 based on L2,rx and
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. The decision rule is the same with 3). 
Based on the proposed Rx-solution, Rx-UE could monitor only high priority CC to find out all of neighbor Tx-UEs effectively when the loading of discovery monitoring is light. Next, a system-level simulation is provided to verify the performance of proposed solution. 
Simulation 

Fig. 3 plots the deployment of Tx-UE and Rx-UE. 

(a) Each Tx-UE is deployed in the coordinates randomly. Tx-UEs are turned on gradually to deliver discovery announcements. Before discovery announcement, Tx-UE decides Tx-carrier based on the proposed Tx-solution.
(b) A Rx-UE is deployed in the center of coordinates. The discovery range of the Rx-UE is also plotted in Fig. 3 (blue rectangular). Rx-UE can detect the discovery announcements from Tx-UEs located in the discovery range if there is no another Tx-UE transmitting discovery announcement simultaneously. Other Tx-UEs located outside the discovery range would not influence the Rx-UE. Also note the Tx-UE calculates the loading with the same size of discovery range. Rx-UE decides whether to monitor the low priority CC based on the proposed Rx-solution.  
(c) eNB provides discovery resources in three component carriers {CC1, CC2, CC3}. In each carrier, 50 resource blocks are provided in one discovery period. Each discovery announcement occupies 2 resource blocks.  Here, we set 
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Fig. 3 Deployment of Tx-UE (red triangle) and Rx-UE (blue circle)
In this simulation, we compare proposed solution with the default approach, which Tx-UE selects a CC randomly to deliver discovery announcement. The simulation result is plotted in Fig. 4. In Fig. 4, we records the average number of monitoring attempts which the Rx-UE has spent to find out all the Tx-UEs in its discovery range successfully. In one monitoring attempt, Rx-UE would monitor one CC as long as one discovery period. In Fig. 4, the average number of monitoring attempts which 1~50 Tx-UEs located in the Rx-UE discovery range are


Fig. 4 Total number of monitoring attempts which the Rx-UE can detect all of the discovery announcements in its discovery range successfully

recorded. In Fig. 4, it shows the proposed Tx-solution prevents serious congestion problem to discovery announcement because the total monitoring attempts to receive all discovery announcements successfully is lower than the default approach. Otherwise, congestions would increase if all Tx-UEs select the highest priority CC1 to deliver discovery announcement. Moreover, it also shows the proposed Rx-solution helps Rx-UEs to detect Tx-UEs in the discovery range by less numbers of monitoring attempts. It is because Rx-UE can detect all the Tx-UEs by only monitoring the high priority CC. Based on the simulation results, we provide the following observations:  
Observation 4: By providing carrier priority information and loading-based decision rules to Tx-UE, the proposed solution prevents serious congestion problem to discovery announcement.   

Observation 5: By providing carrier priority information and loading-based decision rules to Rx-UE, the proposed solution improves the efficiency of discovery monitoring.  
To conclude, we provide Proposal 2 and Proposal 3 for the considerations of RAN2 WG. 
Proposal 2: For discovery announcement, RAN2 is proposed to enable Tx-UE to select Tx-carrier by jointly considering: 1) Priority info. provided by RAN, and 2) Loadings of discovery resources.  
Proposal 3: For discovery monitoring, RAN2 is proposed to enable Rx-UE to monitor discovery announcements by jointly considering: 1) Priority info. provided by RAN, and 2) Loadings of discovery resources.   
3 Conclusion 
  In this contribution, we have discussed how a Tx-UE selects the Tx-carrier from multiple carriers. First, RAN may provide priority information to help Tx-UEs select the Tx-carrier. To control the collision probability of discovery announcement, we proposed Tx-solution for Tx-UEs to decide Tx-carrier based on RAN’s priority information and self-detected loading conditions of discovery resources. Also note eNB could provide the same priority information to Rx-UEs for discovery monitoring. In addition, we provided the Rx-solution for discovery monitoring.  A system level simulation showed that proposed solution can prevent serious congestion problem to discovery announcement and improve the efficiency of discovery monitoring. 
Based on our observations:  
Observation 1: eNB may provide priority information among multiple carriers for Tx-UE to decide the Tx-carrier. 

Observation 2: eNB may also provide priority information to help Rx-UE decide the sequence to monitor each carrier. 

Observation 3: Collision probability of discovery announcement would increase if Tx-UE decides Tx-carrier only based on priority information.   

Observation 4: By providing carrier priority information and loading-based decision rules to Tx-UE, the proposed solution prevents serious congestion problem to discovery announcement.   

Observation 5: By providing carrier priority information and loading-based decision rules to Rx-UE, the proposed solution improves the efficiency of discovery monitoring.   
We propose RAN2 to consider the following proposals: 
Proposal 1: RAN2 should consider providing priority information in the direct discovery resource information for both Tx-UE and Rx-UE.   
Proposal 2: For discovery announcement, RAN2 is proposed to enable Tx-UE to select Tx-carrier by jointly considering: 1) Priority info. provided by RAN, and 2) Loadings of discovery resources.  
Proposal 3: For discovery monitoring, RAN2 is proposed to enable Rx-UE to monitor discovery announcements by jointly considering: 1) Priority info. provided by RAN, and 2) Loadings of discovery resources.   
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ProSe discovery for inter-carrier and inter-PLMN (RAN2#89bis meeting) 





Intra-PLMN scenario 


-The option to configure a UE via RRC signalling to transmit discovery in another carrier can be allowed.  The RRC signalling can be used to configure either Type 1 or Type 2 discovery configuration for non-primary carrier. 








Agreements (RAN2#90 meeting)


For intra-PLMN and inter-PLMN, the serving eNB will signal which frequencies and PLMN the discovery transmissions are allowed to be performed.   The UE can read SIB19 of the other carriers to acquire the resources for direct discovery transmission.  


For intra-PLMN or coordinated inter-PLMN, the serving eNB can provide direct discovery resource information for other carriers using dedicated signalling or broadcast signalling.  
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