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1 Introduction
This paper focuses on D2D operation in multi-carrier scenarios, addressing the scenarios identified in the WID:
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 D2D transmissions in a non-serving carrier are of interest. We assume however that guidance from RAN2 will be needed especially in order to identify the prioritized scenarios.
2 Multi-Carrier Scenarios and Performance Impact
In Rel-12, RAN2 assumed that D2D discovery transmission may only performed on the Pcell. Furthermore, RAN4 has only developed requirements for Pcell. The main implication of the Rel-13 D2D multicarrier enhancements is that a UE is able to be configured for D2D transmission on a carrier different than Pcell. 

Observation

· A Rel-13 D2D UE is able to transmit discovery on a carrier different than Pcell.
One first aspect for clarification is whether the eNB needs to explicitly configure the carrier(s) for D2D discovery transmission. We believe that this is useful for optimization of D2D radio resources over multiple carriers. A further aspect to be clarified is whether there should exist any limitations on the number of carriers configured for D2D discovery transmission (including possibly OoC carriers). While we cannot identify any use case for configuring D2D 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 D2D discovery on a single carrier. Finally, we suggest maintaining the freedom that the carriers configured for discovery and communication for a given UE do not need to be necessarily the same, unless some complication is identified during the WI.
Proposals:

· The carrier for D2D discovery transmission is configured by the eNB;

· The D2D carrier does not need to be one of the Scells configured for CA;

· From a UE perspective, D2D discovery transmission may be configured on at most a single carrier;

· The carrier for D2D discovery transmission and D2D communication do not need to be the same.

Due to lack of time, Rel-12 focused on best effort D2D discovery, i.e., a UE is allowed to perform discovery transmission/reception only during DRX. Such assumption is clearly limiting especially for RRC Connected UEs, penalizing for example Type-2 discovery performance as compared to Type-1. The extension of multicarrier scenarios in Rel-13 further motivates efficiency improvements of discovery for RRC connected devices, 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:

· The new multicarrier scenarios in Rel-13 motivate enhancements to discovery efficiency, especially for RRC Connected UEs.

The performance of multicarrier discovery for RRC Connected UEs may be improved in different ways in terms of discovery latency, discovery probability and energy efficiency. 
2.1 Increased UE capability requirements for multicarrier discovery

One way to improve discovery performance is to increase minimum band-combination requirement for UEs that are capable of performing multicarrier D2D. 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 both intra-PLMN and inter-PLMN discovery.

Proposal:

· Consider minimum requirements with multiple transmitter and multiple receiver chains in the UE in order to support D2D discovery transmission on a carrier different than Pcell.

2.2 Discovery Gaps

A different solution is to define configurable gaps that allow a UE to share a common receiver or transmitter chain between D2D and cellular during a discovery pool indicated by SIB or RRC. This is basically the agreement already made by RAN1 in Rel-12. It is useful if such gaps are configurable by the eNB.

Proposal:

· Consider the Rel-12 RAN1 agreement on D2D gaps for improving multicarrier discovery performance for RRC Connected UEs for the intra-PLMN case.

2.3 Inter-PLMN Discovery Resources Randomization

Some simple considerations may improve inter-PLMN D2D discovery performance. E.g., it is useful to avoid consistent collisions between D2D resources across carriers, which would systematically prevent inter-PLMN discovery for cells with colliding resources. This can be obtained by periodically time-shifting the D2D pools 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:

· Consider randomization of the time offset for the discovery pools on different carriers to avoid consistent collisions among carriers
· D2D resource pools are periodically time-shifted on each carrier frequency and PLMN and possibly also on each cell.
3 Power Sharing for D2D CA

A power sharing mechanism needs to be specified for the case that a UE has multi-tx capabilities and performs D2D and/or uplink transmissions simultaneously. Similar cases are already present from Rel-12, but due to the fact that only Pcell requirements have been developed by RAN4 in Rel-12, the exact power sharing solution is still pending.
The PC schemes defined in Rel-12 may be applied per carrier without changes, however the Pcmax,c value per carrier should reflect the power budget per carrier. We believe that the detailed solution for Pcmax,c can be defined by RAN4, however some guidance from RAN1 may be provided especially for prioritization of different signals. One example prioritization is that uplink has highest priority, D2D synchronization signals and PSBCH have second priority, followed by PSCCH/PSSCH and finally PSDCH.

Proposals:

· Uplink power control is unaffected by D2D;
· In case of power sharing across carriers uplink has highest priority, D2D synchronization signals and PSBCH have second priority, followed by PSCCH/PSSCH and finally PSDCH;

· Preserve the Rel-12 principle that D2D channels power is constant within the D2D subframe;

· Let RAN4 define the details for Pcmax,c calculation.

4 Conclusions

This paper provides an overview of inter-carrier aspects of D2D. The following is proposed and observed:
Observation

· A Rel-13 D2D UE is able to transmit discovery on a carrier different than Pcell.
Proposals:

· The carrier for D2D discovery transmission is configured by the eNB;

· The D2D carrier does not need to be one of the Scells configured for CA;

· From a UE perspective, D2D discovery transmission may be configured on at most a single carrier;

· The carrier for D2D discovery transmission and D2D communication do not need to be the same.

Observation:

· The new multicarrier scenarios in Rel-13 motivate enhancements to discovery efficiency, especially for RRC Connected UEs.

Proposals:

· Consider minimum requirements with multiple transmitter and multiple receiver chains in the UE in order to support D2D discovery transmission on a carrier different than Pcell.

· Consider the Rel-12 RAN1 agreement on D2D gaps for improving multicarrier discovery performance for RRC Connected UEs for the intra-PLMN case.

· Consider randomization of the time offset for the discovery pools on different carriers to avoid consistent collisions among carriers
· D2D resource pools are periodically time-shifted on each carrier frequency and PLMN and possibly also on each cell.
· Uplink power control is unaffected by D2D;

· In case of power sharing across carriers uplink has highest priority, D2D synchronization signals and PSBCH have second priority, followed by PSCCH/PSSCH and finally PSDCH;

· Preserve the Rel-12 principle that D2D channels power is constant within the D2D subframe;

· Let RAN4 define the details for Pcmax,c calculation.
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