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1 Introduction

The RAN WID [1] for ProSe Rel-13 contains the following objective:

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 paper we discuss various scenarios for where Direct Discovery transmissions in a non-serving carrier are of interest. We propose that authorization for inter-PLMN discovery transmissions is assumed and outline several solutions to improve the performance of Direct Discovery.
2 Discussion
In this section we present the various scenarios to support in Rel-13, but a recap of the solution in Rel-12 is also included to better illustrate the differences.
2.1 Direct Discovery in Release 12

The figure below shows two UEs belonging to the same PLMN. They are each configured with one PCell. As Discovery is performed on the Pcell in Release 12, the UEs are configured with one frequency on which to perform transmissions (red arrows) and two frequencies which to monitor (green arrows). Monitoring more frequencies consume power in the UE. An operator may therefore put all UEs interested in direct discovery on one carrier. Still this design is beneficial, as transmissions would not cause interruptions to LTE Uu.
Inter-PLMN discovery is supported in Release 12, as it is possible to configure UEs to monitor carriers belonging to another PLMN than the serving one.
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Figure 1 – Direct discovery in Release 12
2.2 Direct Discovery in Release 13

According to the WID [1] support for transmissions in a non-serving PLMN is to be added. This can be useful for commercial purposes where several operators cooperate to reserve one carrier shared by the operators in the same region to be used for Direct Discovery. It raises questions on authorization and how to correctly configure the carrier to be shared. We think it is reasonable to assume that this authorization is an issue for higher layers which do not introduce changes to the RAN functionality.

Proposal 1 For inter-PLMN direct discovery transmission it is assumed that the UE is authorized to make these transmissions and that this authorization does not introduce changes to RAN functionality.

2.2.1 Scenario 1 – Inter-carrier intra-PLMN
In this scenario a UE is configured to perform Discovery transmissions on a carrier which may not be the PCell. In the figure below, three UEs are depicted which all belong to the same PLMN. Each of them has a separate frequency configured as PCell. The red arrows show which frequency is used for Discovery transmissions. As can be seen in the figure, this allows the operator to only configure one frequency to be used for Direct Discovery transmissions, while allowing UEs to camp on other frequencies. This is also the main motivation for this scenario in that it allows for load balancing of UEs on more carriers. There could also be a possibility to reduce the power consumption, as the UEs can be configured to monitor fewer carriers.
The UEs are configured by the eNB with resources to transmit on F2 (in the figure below) and this has two benefits. Firstly, as the resource pool is known by the eNB, it can take this into consideration when scheduling the UE on Uu. This may include not scheduling UL transmissions, both during the subframes used for the actual transmissions on PSDCH (if the UE is equipped with only one TX chain) and during subframes before and after the resource pool which are used for retuning. Secondly, this scenario can be realized with only one transmitter in the UE, but there would be a severe performance impact compared to having two transmitters.

In Rel-12 the UEs transmit Direct Discovery on their PCell, hence the carrier used for transmission is not signalled. In this scenario we would like to configure UEs to transmit on another carrier, hence corresponding signalling needs to be developed.

Proposal 2 Extend existing RRC signalling to allow configuration of transmission carrier for Direct Discovery.

A variant of this scenario is that the UE is configured to perform direct discovery on its SCell. In that case the UE would however not perform discovery on a non-serving carrier.
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Figure 1 – Scenario 1, Inter-carrier, intra-PLMN configuration
2.2.2 Scenario 2 – Inter-PLMN configuration with network infrastructure
In this scenario, the UE is configured to perform discovery on a carrier belonging to another PLMN. As stated earlier, we assume the UE is somehow authorized to perform transmissions in a non-serving PLMN and that the authorization procedure is out of RAN2 scope. 

The main difference to scenario 1 is that we cannot make any assumptions on knowing the synchronization offset between F1 and F2, and therefore the eNB cannot take the discovery resource pool into consideration when scheduling the UE on Uu. A UE not capable of simultaneous transmissions on F1 and F2 might therefore suffer performance penalty.
In order for the UE to perform the transmissions on F2, it must know the frequency of F2 and the resource pool. To limit inter-PLMN coordination we suggest that the UE learns the frequency of F2 either through preconfiguration or from the ProSe function. Similar to Rel-12 functionality, we suggest that the UE reads SIB19 of F2 to learn the resource pool.

Proposal 3 For inter-PLMN scenarios with network infrastructure, the UE is configured with the carrier frequency by the ProSe Function, or the carrier frequency is preconfigured.

Proposal 4 For inter-PLMN scenarios with network infrastructure, the UE reads SIB19 of the concerned carrier frequency to learn the resource pool to use.
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Figure 2 – Scenario 2, Inter-PLMN configuration with network infrastructure
2.2.3 Scenario 3 – Inter-PLMN configuration without network infrastructure
In this scenario the UE is configured to perform discovery on a carrier with no network infrastructure, i.e., a carrier used for out of coverage discovery. This scenario could describe a situation with a public safety UE which is connected to a commercial operator for its LTE Uu service, while using a preconfigured carrier for Direct Discovery (and possibly also Direct Communication).

This scenario is very similar to scenario 2. The main difference is the lack of network infrastructure on F2. This means that there is no SIB19 to carry the resource pool configuration. Therefore both the carrier frequency of F2 and the corresponding resource pool configuration must be preconfigured, or configured by the ProSe Function.
Proposal 5 For inter-PLMN scenarios without network infrastructure, the UE is configured with the carrier frequency by the ProSe Function, or the carrier frequency is preconfigured.

Proposal 6 For inter-PLMN scenarios without network infrastructure, the UE is configured with the resource pool configuration by the ProSe Function, or the resource pool configuration is preconfigured.
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Figure 3 – Scenario 3, Inter-PLMN configuration without network infrastructure

2.2.4 No more than one carrier for transmission
An aspect to be clarified is whether there should be any limitations on the number of carriers configured for Direct Discovery transmission (including possibly OoC carriers). While we cannot identify any use case for configuring Direct Discovery transmission on multiple carriers, we see some associated complexity increase both in the devices and specifications. Accordingly, considering also the limited standardization time, we suggest limiting Rel-13 to the case where a UE can be configured to transmit Direct Discovery on a single carrier.

Proposal 7 A UE can only be configured with at most one carrier onto which the UE may transmit Direct Discovery.

2.3 UE impact

Due to lack of time, Rel-12 focused on best effort Direct Discovery, i.e., a UE is allowed to perform discovery transmission/reception only during DRX or while in RRC_IDLE. Such assumption is clearly limiting especially for UEs in RRC_CONNECTED, penalizing for example Direct Discovery using eNB-scheduled resource allocation compared to using UE autonomous resource allocation. The extension of multicarrier scenarios in Rel-13 further motivates efficiency improvements of discovery for UEs in RRC_CONNECTED, considering that the receiver and transmitter capabilities of a given UE need to be now shared on more carriers, still in a best effort fashion.
Observation 1 The new multicarrier scenarios in Rel-13 motivate enhancements to discovery efficiency, especially for UEs in RRC_CONNECTED.
The rest of this discussion assumes that RAN2 sees the need to enhance Direct Discovery performance and suggests solutions to do that.
2.3.1 Increased UE capability requirements 

One way to improve discovery performance is to increase minimum band-combination requirement for UEs that are capable of performing multicarrier D2D operation. For example, the UE may be required to have multiple transmitter and receiver chains in order to be able to be configured to perform discovery transmission on a carrier that is not Pcell. Such solution would benefit all scenarios listed earlier, both intra-PLMN and inter-PLMN discovery.

Proposal 8 Consider minimum requirements with multiple transmitter and multiple receiver chains in the UE in order to support Direct Discovery transmission on a carrier different than Pcell.

2.3.2 Discovery Gaps on Uu

A different solution is to define configurable gaps that allow a UE to share a common receiver or transmitter chain between PC5 and Uu during a discovery resource pool indicated by SIB or dedicated RRC signalling. During Rel-12 work RAN1 made an agreement basically introducing this [2], but it was not implemented in RAN2 [3]. Such gaps must not be UE-autonomous, but be configurable by the eNB.

Proposal 9 Consider introducing eNB-configurable gaps on Uu to allow for Direct Discovery transmission to improve multicarrier discovery performance for RRC Connected UEs for the intra-PLMN case.

2.3.3 Inter-PLMN Discovery Resources Randomization

Some simple considerations may improve inter-PLMN Direct Discovery performance. For example, it is useful to avoid consistent collisions between resources for Direct Discovery across carriers, which would systematically prevent inter-PLMN discovery for cells with colliding resources. One way to achieve this is to periodically time-shift the resource pools for discovery on different cells of different carriers. The periodic shifts may be a function of the PLMN ID (or, the carrier frequency, e.g. EARFCN) and Cell IDs and do not need to be explicitly signalled. 
Proposal 10 Consider randomization of the time offset for the discovery pools on different carriers to avoid consistent collisions among carriers
2.4 Aligning with other groups

RAN2 is the lead working group for this work item. We should inform other working groups about which scenarios we intend to support to guide them in the future work. One thing to note is the need of a power sharing mechanism for UEs with multiple TXs which transmit on PC5 and Uu simultaneously. The details of this mechanism should be developed by RAN1 and RAN4. We could also ask RAN4 for feasibility with respect to UE implications in the intra- and inter-PLMN scenarios.
Proposal 11 Send an LS to RAN1 and RAN4 on which scenarios we intend to support for inter-carrier Discovery transmissions and the need for a power sharing mechanism.
3 Conclusion
In section 2 we made the following observations:
Observation 1
The new multicarrier scenarios in Rel-13 motivate enhancements to discovery efficiency, especially for UEs in RRC_CONNECTED.


Based on the discussion in section 2 we propose the following:
Proposal 1
For inter-PLMN direct discovery transmission it is assumed that the UE is authorized to make these transmissions and that this authorization does not introduce changes to RAN functionality.
Proposal 2
Extend existing RRC signalling to allow configuration of transmission carrier for Direct Discovery.
Proposal 3
For inter-PLMN scenarios with network infrastructure, the UE is configured with the carrier frequency by the ProSe Function, or the carrier frequency is preconfigured.
Proposal 4
For inter-PLMN scenarios with network infrastructure, the UE reads SIB19 of the concerned carrier frequency to learn the resource pool to use.
Proposal 5
For inter-PLMN scenarios without network infrastructure, the UE is configured with the carrier frequency by the ProSe Function, or the carrier frequency is preconfigured.
Proposal 6
For inter-PLMN scenarios without network infrastructure, the UE is configured with the resource pool configuration by the ProSe Function, or the resource pool configuration is preconfigured.
Proposal 7
A UE can only be configured with at most one carrier onto which the UE may transmit Direct Discovery.
Proposal 8
Consider minimum requirements with multiple transmitter and multiple receiver chains in the UE in order to support Direct Discovery transmission on a carrier different than Pcell.
Proposal 9
Consider introducing eNB-configurable gaps on Uu to allow for Direct Discovery transmission to improve multicarrier discovery performance for RRC Connected UEs for the intra-PLMN case.
Proposal 10
Consider randomization of the time offset for the discovery pools on different carriers to avoid consistent collisions among carriers
Proposal 11
Send an LS to RAN1 and RAN4 on which scenarios we intend to support for inter-carrier Discovery transmissions and the need for a power sharing mechanism.
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