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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 
In Rel-12, RAN2 assumed that D2D discovery transmission may only be 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). From a RAN1 perspective we do not see additional complexity when increasing the number of carriers for discovery transmission, however some configuration aspects need to be clarified in RAN2. We nevertless 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;

· It is up to RAN2 to decide whether, from a UE perspective, discovery transmission may be configured on multiple carriers;
· The carrier for D2D discovery transmission and D2D communication do not need to be the same.

3 Discovery Performance 
Rel-13 discovery is used for PS-related operations where reliability and latency are more important as compared to commercial discovery in Rel-12. Therefore, the assumption that discovery is a best effort operation may need to be revisited. One such scenario occurs when RRC_connected relay UEs broadcast relay discovery messages and DRX occasions may be insufficient to provide acceptable relay discovery performance.

As long as a UE is configured with D2D discovery transmission on the Pcell (or one of the carriers configured for UL CA), the same tx chain can be shared between UL WAN and D2D. In case the D2D transmission carrier is not one of the carriers configured for UL CA, one of the following options are possible:

1. A dedicated transmitter chain is configured for D2D transmission. 
2. D2D transmission is performed in a best effort fashion during DRX. 
3. (De)configurable transmission gaps are defined corresponding to the D2D transmission subframes. During such gaps the UE is allowed to drop UL transmissions on one of the UL carriers.

Solution 1) is a clearly too costly. Solution 2) may provide too poor performance, especially for PS-discovery. One the other hand, solution 3) appears as a convenient compromise.

Observation:
· (De)configurable transmission gaps are a good way to guarantee discovery performance with limited implementation impact.
· This is particularly motivated by PS-discovery.
3.1 Transmission Gaps

UEs typically transmit discovery signals on a small fraction of the subframes belonging to a D2D pool (typically only 1 subframe). Therefore, the transmitter gap may be very narrow in time as long as the eNB is aware of the subframes used for D2D transmission within a pool. For Type-2 discovery the eNB is clearly aware of such subframes. For Type-1 some signalling is required where the UE informs the eNB about the selected D2D subframes. In any case, the eNB must have the possibility to acknowledge the gap, in which case the UE is exempt from transmitting UL on those subframes on a given carrier, or to unacknowledged the gap, in which case the UE must prioritize UL against D2D.
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Figure 1: Signalling to support UL gaps in case of Type-1 discovery.
Proposal:

· Introduce UL gaps to allow reusing an UL chain for D2D transmission under eNB control.

3.2 Reception Gaps

In order to improve discovery reliability, reception gaps may be considered, too. The RAN1 agreement from Rel-12 can be a good starting point, edited as follows to take into account the new Rel-13 scenarios:

· A UE that is receiving D2D discovery signals on an UL carrier is not expected to read DL signals on one of the DL carriers (according to RRC configuration) during the subframes belonging to the D2D discovery pools on that UL carrier as well as one subframe preceding and following these subframes 

· The discovery pools are configured by the eNB by broadcast or UE-specific signaling

· For RRC_CONNECTED UEs, RRC signaling indicates whether this rule applies or not (on a per UE basis)
· The DL carrier on which gaps occur for a given UL carrier is signaled by the eNB
· Cellular measurement gaps subframes are excluded from this rule and follow legacy procedures
· Paging reception is prioritized over D2D reception and follows legacy procedures
Proposal:

· Confirm the Rel-12 RAN1 agreement on DL gaps for D2D reception, slightly modified to support Rel-13 scenarios.

4 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 deteriorate 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.
5 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.

6 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;

· It is up to RAN2 to decide whether, from a UE perspective, discovery transmission may be configured on multiple carriers;
· The carrier for D2D discovery transmission and D2D communication do not need to be the same.

Observation:

· (De)configurable transmission gaps are a good way to guarantee discovery performance with limited implementation impact.
· This is particularly motivated by PS-discovery.
Proposal:

· Introduce UL gaps to allow reusing an UL chain for D2D transmission under eNB control.

· Confirm the Rel-12 RAN1 agreement on DL gaps for D2D reception, slightly modified to support Rel-13 scenarios.

· 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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