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1 Introduction
This paper focuses on D2D operation in multi-carrier scenarios, addressing the following cases:
· FDD D2D Operation

· Inter-Carrier D2D Operation (Same PLMN)

· Inter-Carrier D2D Operation (Different PLMNs)

2 D2D Multi-Carrier UE Behaviour and Capabilities

FDD D2D UEs must be able to receive in the UL band. During the SI phase it was implicitly assumed that D2D FDD UEs are able to simultaneously receive cellular (in the DL) and transmit or receive D2D in the same UL subframe. Such an assumption simplifies greatly the D2D design, as discussed by email in [76b-12], and we believe that it should be kept in Rel-12. 
Proposal:

· In Rel-12 assume that all D2D enabled FDD UEs are able to receive simultaneously on the UL and DL bands of the serving/camping cell.
3 Inter-Carrier D2D Operation (Same PLMN)

In this section we address D2D between different carriers operated by the same PLMN. Depending on their capabilities the UEs might be equipped with one D2D transceiver per-carrier or they might operate their transceiver in TDM between different carriers (see [3] for details).

Since the carriers are operated by a single operator the NW has the possibility to manage and optimize D2D and cellular resources jointly on the carriers, if desired. E.g., overlap between paging subframes, RACH subframes and D2D pools can be avoided across carriers. At this point we do not see the need for standardized solutions to cope with inter-carrier D2D-cellular resources coordination for a single-PLMN scenario.
When it comes to inter-carrier D2D, new scenarios arise whenever a UE is expected to transmit D2D signals on a subset of carriers and receive D2D signals on a (possibly different) subset of carriers. In order to avoid unnecessary optimizations, we propose the following:

Proposal:

· At least in Rel-12, each Operator is expected to configure D2D on at most a single carrier.

4 Inter-carrier D2D Operation (Different-PLMNs)

In this section we focus on D2D across carriers that are not operated by the same PLMN and are typically uncoordinated.
First, we assume that a D2D-enabled UE may use initial cell search related functionality to scan for PLMN and carriers supporting D2D (TS36.304, section 5 – Support for PLMN selection). Once a new carrier is identified, D2D-related information is read by SIB and D2D resources on the cells of that carrier can be monitored according to the procedures described in [4].

Proposal:
· D2D resources on non-serving carrier are obtained by reading SIB using initial cell search related functionality 
4.1 Considerations on Inter-PLMN D2D Efficiency 

Inter-PLMN D2D is potentially inefficient due to the lack of radio resources coordination between PLMNs. Consider, e.g., an asynchronous deployment where a UE with a single receiver chain that is time-multiplexed across carriers monitors 3 D2D PLMN carriers (a conservative assumption). Each PLMN has an asynchronous deployment and on average each cell has 6 asynchronous neighbour cells (sectors) in direct proximity. Assuming that D2D discovery resources are approximately 1% on each carrier/cell, the probability of collision of D2D resources among carriers is 1-0.99^21=19%. If one includes prioritized DL and UL resources in this simple example, the collision probability increases further, making inter-PLMN D2D practically useless.
Observation:

· Inter-PLMN D2D may be inefficient due to UE hardware constraints in combination with uncoordinated radio resources across PLMNs.
Some simple considerations may improve inter-PLMN D2D discovery performance. It is noted that discovery latency is in any case expected to be larger in the inter-PLMN case as compared to the same-carrier case. 

Specifically, it is useful to avoid consistent collisions between D2D resources across carriers, which would systematically prevent inter-PLMN discovery for the colliding cells on different carriers. This can be obtained by periodically time-shifting D2D resources 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. With this simple solution, inter-PLMN discovery is not permanently prevented for cells on different carriers that happen to use aligned D2D resources.
Proposal:

· D2D resources are periodically time-shifted on each carrier frequency and PLMN and possibly also on each cell.
5 Conclusions

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

· In Rel-12 assume that all D2D enabled FDD UEs are able to receive simultaneously on the UL and DL bands of the serving/camping cell.
· At least in Rel-12, each Operator is expected to configure D2D on at most a single carrier.

· D2D resources on non-serving carrier are obtained by reading SIB using initial cell search related functionality 

· Inter-PLMN D2D may be inefficient due to UE hardware constraints in combination with uncoordinated radio resources across PLMNs.
· D2D resources are periodically time-shifted on each carrier frequency and PLMN and possibly also on each cell.
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