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1. Introduction
At the RAN2#89bis meeting, scenarios and configuration options for inter-carrier discovery transmission was discussed and the option to configure a UE via RRC signalling to transmit discovery in another carrier has been agreed [1]. 

	Agreements

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. 

Inter-PLMN scenario 

·  SA2 guidance may be required on whether inter-PLMN authorization for discovery transmission can be handled by higher layer

With network infrastructure

· If the network has inter-PLMN information then the network should have the option to configure the UE similar to the intra-PLMN case

· We cannot assume that inter-PLMN coordination is always possible.  The baseline scenario to consider is uncoordinated inter-PLMN.  

· For uncoordinated inter-PLMN scenarios with network infrastructure, the UE reads SIB19 of the concerned carrier frequency to learn the tx/rx resource pool to use.  FFS how the carrier frequency is configured in the UE.  

      Without network infrastructure 

· The inter-PLMN scenario without network infrastructure (e.g. no eNB in the ProSe carrier) will be supported, assuming that out-of-coverage discovery is supported.


In order to achieve load balancing among carriers, it is beneficial to ensure that inter-carrier discovery has comparable performance on both PC5 and Uu as intra-carrier scenario. Therefore, we discuss enhancements for both transmission and reception of inter-carrier discovery when UE is RRC_CONNECTED.
2. Discussion

2.1. Synchronization for RRC_CONNECTED
According to the agreement in RAN2#89bis, RRC signalling can be used to configure either Type 1 or Type 2B discovery configuration for non-primary carrier. This enables UE to skip monitoring SIB19 on the carrier for discovery transmission. However, the UE is still required to acquire synchronization reference for discovery transmission. Possible options of synchronization reference are listed below.

· Option 1:
Serving cell as a synchronization reference for sidelink transmission/reception
· E.g., serving cell as a synchronization reference with indication of offset with respect to the serving cell
· Option 2:
D2D carrier as a synchronization reference for sidelink transmission/reception

· Option 2-1: Synchronization by detecting SLSS on the D2D operated carrier 
(similar to Rel-12 inter-cell discovery monitoring)

· Option 2-2: Synchronization by detecting SS on the D2D operated carrier
 (similar to Rel-12 inter-carrier discovery monitoring)
For option1, it is considered that serving cell as a synchronization reference indicates synchronization offset with respect to the serving cell if necessary. Even for option 2, assistance of serving cell is beneficial, e.g., serving cell indicates subframe level offset for SS/SLSS reception on the D2D carrier similar to inter-cell discovery. 

Observation 1:
It is beneficial if serving cell can indicates time offset for synchronization on the D2D carrier.
2.2. Measurements for RRC_CONNECTED

Among the synchronization options, option 1 allows UE to skip detecting SS/SLSS on the D2D carrier for discovery transmission. For the UE which has no additional Rx chain, it is beneficial if the UE does not need to additionally receive signals on the D2D carrier. However, if the UE has not downlink reception on the D2D carrier, impact on the open-loop power control for sidelink transmission and condition for SLSS transmission should be considered since these two functionalities requires RSRP (pathloss) of the D2D carrier for transmission. For example, if the two carriers are co-located and intra-band, then RSRP (pathloss) of the serving cell could be utilized instead of the D2D carrier while it may not appropriate for inter-band case. Similar to uplink carrier aggregation, it is considered to indicate whether the UE shall apply either the downlink of the serving cell or the downlink of the D2D carrier corresponding to the discovery transmission as RSRP (pathloss) reference for sidelink transmission. Thus UE would be requested to measure RSRP on the D2D carrier in some cases. Option 2-1 has similar issue on the RSRP (pathloss) reference and similar solution is considered. Although option 2-2 is simpler than option 1, it is challenging to measure RSRP of the D2D carrier of non-serving cell before transmission of discovery if an UE has no additional Rx chain.
Observation 2:
If serving cell is utilized as a synchronization reference for inter-carrier discovery, impact on the open-loop power control for sidelink transmission and condition for SLSS transmission should be considered.

Proposal 1: If serving cell is utilized as a synchronization reference, serving cell indicates whether the UE shall apply either the downlink of the serving cell or the downlink of the D2D carrier that corresponds with discovery transmission as RSRP (pathloss) reference for sidelink transmission.
2.3. D2D Gap for RRC_CONNECTED
Contrary to the inter-carrier discovery transmission, inter-carrier discovery reception is already supported in Rel-12 by exploiting DRX occasion or additional Rx chains. A list of neighbouring frequencies is also provided in SIB19. For commercial usage, UEs are not assumed to be equipped with an additional Rx chain for discovery reception. Therefore, when the UE is RRC_CONNECTED and the UE is interested in monitoring multiple D2D carriers, e.g., all the neighbour discovery frequencies, reception occasion per carrier would be limited. If the UE is only interested in the discovery monitoring within a PLMN, then reception load may not be significant because it is assumed that a PLMN has only one discovery carrier. However this may not be the case in inter-PLMN scenario, since the UE needs to perform discovery monitoring in several discovery carriers. In case of shared D2D carrier frequency among operators as shown in Figure 1 (a), the limited reception occasion may not have serious impact on the performance of discovery reception because the UE only monitors on single D2D carrier; however, in case of each operators has its own D2D carriers as shown in Figure 1 (b), the limitation of reception occasion may not be negligible since it may cause the UE not able to monitor all the D2D carriers it needs to monitor. Therefore, some enhancement would be considered in Rel-13. 

Observation 3:
Assuming that discovery reception is performed during DRX occasion, RRC_CONNECTED UE has limited opportunity for discovery monitoring especially when the UE is monitoring multiple D2D carriers.
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Figure 1
Inter-PLMN discovery monitoring

Since the target scenario is inter-PLMN discovery, the Pcell may not have knowledge of synchronization information and the resource pool configurations of D2D carriers that belong to other PLMNs. Thus the Pcell may not be able to adjust the occasion (e.g., gap) which allows the UE to monitor discovery by switching its Rx chain. If the UE reports its interested discovery carrier frequency and associated reception pool information in time domain, Pcell can adjust the occasion to cover discovery resource pool as much as possible. Assuming that the sidelink UE information is enhanced such that, e.g., interested frequency for discovery monitoring and resource pool configuration in time domain can be reported, impact on Uu and discovery monitoring performance is foreseen. In principle, if additional gap for discovery monitoring is introduced in order to improve the performance of discovery monitoring, Uu performance will be degraded. Thus, enhancements to control trade-off between discovery reception performance and Uu performance can be considered. The followings are several solutions including implementation based solution:

· Option 1: Adjust DRX occasion based on eNB implementation

· Option 2: Allow discovery monitoring on measurement gap

· Option 3: UE autonomous gap for discovery monitoring

· Option 4: D2D gap for discovery monitoring based on eNB configuration
Option 1 is not an efficient measure to increase the DRX occasion based on eNB implementation because the DRX subframe does not necessarily cover the subframe for discovery reception. However, some optimized DRX control may be expected through the assistance of UE reporting as described above. Option 2 is not preferred in order to avoid potential impact on the measurement. Also, option 3 is not beneficial in regard to allowing the UE autonomous gap for the discovery reception since this leads to unexpected and uncontrolled UE behaviour. In order to trade-off between the discovery reception occasion and Uu performance efficiently, option 4 is the best solution to introduce D2D gap configured by RRC. Discussion on the required retuning time for inter-carrier transmission/reception in RAN4 would be beneficial for detailed design on the D2D gap. Similar discussion on the re-tuning time is being held for eMTC where re-tuning within a system bandwidth is assumed in RAN4 [2].
D2D gap could be utilized for discovery transmission in addition to reception since UE is not expected to monitor DCI during the D2D gap and this could create subframes where UE does not expect Uu transmission. Therefore, D2D gap can increase the opportunity for D2D transmission when UE is RRC_CONNECTED. 

Proposal 2:
D2D gap for discovery monitoring is configured to trade-off discovery reception occasion and Uu performance by assistance of enhanced sidelink UE information.
· Send LS to RAN2 to ask further study the D2D gap in RAN2.
3. Conclusion

In this contribution, we discussed enhancements for the inter-carrier and inter-PLMN discovery, observations and proposals are summarized below. 
· Observation 1:
It is beneficial if serving cell can indicates time offset for synchronization on the D2D carrier.
· Observation 2:
If serving cell is utilized as a synchronization reference for inter-carrier discovery, impact on the open-loop power control for sidelink transmission and condition for SLSS transmission should be considered.
· Observation 3:
Assuming that discovery reception is performed during DRX occasion, RRC_CONNECTED UE has limited opportunity for discovery monitoring especially when the UE is monitoring multiple D2D carriers.
· Proposal 1: If serving cell is utilized as a synchronization reference, serving cell indicates whether the UE shall apply either the downlink of the serving cell or the downlink of the D2D carrier that corresponds with discovery transmission as RSRP (pathloss) reference for sidelink transmission.
· Proposal 2:
D2D gap for discovery monitoring is configured to trade-off discovery reception occasion and Uu performance by assistance of enhanced sidelink UE information.
· Send LS to RAN2 to ask further study the D2D gap in RAN2.
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