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1. Introduction
At the RAN#67 meeting, a revised work item on Proximity service (ProSe) enhancements was approved [1]. One of the objectives in the WI is enhanced D2D discovery support in the presence of multiple carriers and PLMNs. In Rel-12 D2D discovery, discovery announcement is only allowed on Pcell (RRC_CONNECTED) or serving cell (RRC_IDLE) which has an impact on load balancing among carriers. Therefore, introducing some enhancement that eliminate the operational limitation is beneficial. Another issue is discovery reception when the number of interested carriers is increased. Therefore, we discuss enhancements for both transmission and reception of inter-carrier discovery in this paper.
2. Discussion
2.1. Inter-carrier Discovery Transmission
Inter-carrier discovery transmission

For inter-carrier discovery transmission within the same same PLMN, it is assumed that commercial discovery is a typical scenario. In the scenario, if discovery announcement from a RRC_CONNECTED UE is only allowed on the Pcell, the load caused by discovery announcement traffic in the Pcell carrier is considerably higher compared to the load in other carrier. This condition may results in load imbalance between carriers. Furthermore, for the commercial discovery, UE may not have an additional Tx/Rx chain for discovery as assumed in Rel-12. In the Rel-12 specifications, serving cell provides only a frequency list of D2D carriers and the UE has to acquire D2D configurations by switching its Rx chain to receive the SIB on the D2D carrier. In order to reduce the latency due to SIB reception on other carriers, it is beneficial to provide D2D configurations of other carrier frequencies as discussed in Rel-12 [2,3]. In addition to the transmission pool configuration, inter-carrier reception pool configuration would also be provided for efficient discovery monitoring. 
Proposal 1: The serving cell may provide corresponding discovery configurations for some frequencies that support D2D discovery.
If the inter-carrier configuration is introduced for discovery, synchronization options as listed below will need further discussion.

· Option 1:
Inter-carrier synchronization without additional reception of SS/SLSS on the D2D carrier
· Option 2:
Synchronization by detecting SS on the D2D operated carrier (similar to Rel-12 inter-carrier monitoring)

· Option 3:
Synchronization by detecting SLSS on the D2D operated carrier (similar to Rel-12 inter-cell discovery)

For synchronization and inter-carrier D2D resource configuration, similar to intra-carrier discovery transmission there is no reason to prohibit inter-carrier discovery transmission as long as discovery transmission does not affect Uu transmission and reception. If the UE is not capable of simultaneous transmission of discovery and reception of downlink on different carriers, then the discovery transmission would be limited only in DRX.

When an inter-carrier configuration is not available, similar mechanism for the direct communication in RRC_IDLE or on a cell other than PCell in RRC_CONNECTED is considered. 

Inter-PLMN discovery transmission

In the WID, inter-PLMN discovery transmission is also listed as a potential enhancement. We consider that this is targeted for public safety scenario, e.g., commercial carrier on the Pcell (PLMN A) and public safety D2D carrier on another carrier (PLMN B). In TR23.713 [4], it is assumed that PS discovery is operated together with PS communication. Since direct communication requires significant duty cycle for reception and possibly for transmission, it is not feasible to assume a single Tx/Rx chain in a multi-carrier scenario. Thus it is expected that the UE will be equipped with an additional Tx/Rx chain if inter-PLMN discovery transmission is necessary. Even if inter-operator coordination is not available, similar mechanism for the direct communication in RRC_IDLE or on cell other than the PCell in RRC_CONNECTED could be re-used since the UE can directly receive SIB19 on the other PLMN’s carrier frequency using an additional Rx chain.
Observation 1:
For inter-PLMN discovery transmission, it is sufficient to re-use the mechanism for Rel-12 direct communication assuming that UE is equipped with additional Tx/Rx chain.

Regarding the UE capability, similar to the direct communication, there is a problem where the UE may not be capable of the simultaneous transmission/reception of EUTRA and transmission of D2D discovery on different carriers for specific band combination even if the UE has sufficient number of Tx/Rx chains. Similar UE capability on the supported band combinations in Rel-12 D2D communication is considered on this issue. Alternatively, this could be left to UE implementation as long as UE shall not transmit discovery if discovery transmission may affect Uu transmission and reception: In contrast to the direct communication, dropping of the discovery transmission may not frequently happen due to the low duty cycle of discovery and this could be acceptable considering the periodic transmission of discovery. Therefore, eNB may not need to manage the UE capability as long as UE shall not transmit discovery if discovery transmission may affect Uu transmission and reception.
Simultaneous discovery transmission on different carriers
If inter-PLMN discovery transmission is enabled, simultaneous transmission of discovery messages on different carriers may occur. However, we consider that simultaneous discovery transmission on different carriers of non-PS (either intra-PLMN or inter-PLMN) is a corner case. Typical scenario would be discovery transmissions on PS carrier and non-PS carrier (inter-PLMN) discovery. In the scenario of PS + non-PS transmissions, it is obvious that PS discovery transmission is prioritized to the non-PS discovery transmission and further detail, e.g., whether power scaling rule is specified or not, is FFS. Multi-carrier transmission may not be necessary if the UE is interested to either PS or non-PS discovery. In this case, typical scenario would be intra-PLMN (either intra- or inter-carrier) discovery transmission with intra-PLMN and inter-PLMN (inter-carrier) discovery monitoring if the UE is interested in multiple frequencies of PLMNs. 
2.2. Inter-carrier discovery reception

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 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 2:
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. 
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
· It is FFS whether D2D gap is existing DRX or new gap configuration
3. Conclusion

In this contribution, we discussed enhancements for the inter-carrier and inter-PLMN discovery, observations and proposals are summarized below. 
· Observation 1:
For inter-PLMN discovery transmission, it is sufficient to re-use the mechanism for Rel-12 direct communication assuming that UE is equipped with additional Tx/Rx chain.
· Observation 2:
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: The serving cell may provide corresponding discovery configurations for some frequencies that support D2D discovery.
· 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
· It is FFS whether D2D gap is existing DRX or new gap configuration
4. References
[1] 3GPP, RP-150441, “Revised WI: Enhanced LTE Device to Device Proximity Services”.

[2] 3GPP, Report of RAN2#87, 2014

[3] Deutsche Telekom, LG Electronics Inc., TeliaSonera, Qualcomm, Samsung, R2-143147, “Introduction of inter-PLMN discovery,” RAN2#87, 2014.

[4] 3GPP TR 23.713 V1.0.0, “Study on extended architecture support for proximity-based services (Release 13)”, Feb. 2015.

PAGE  
1

