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1. Introduction
Handling D2D and WAN over multiple carriers were discussed in RAN1#77 and #78, leading to the following working assumption and agreement:

Working assumption with a condition to reception of reply LSs (RAN1#77):
· For communication, RAN1 assumes that UE is able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D
· For discovery, RAN1 assumes that UE may not be able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D
· Send LS to RAN2, RAN4, and SA2
· RAN2: 
· To investigate impact on UE capability signalling of restriction on cellular operation when D2D is operated
· [Public safety UEs are assumed to be able to simultaneously perform cellular on DL carrier and D2D on associated UL carrier for FDD band]
· For discovery, non-public safety UE may not be able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D
· There is no simultaneous operation of CA and D2D required for Rel-12 D2D communication if we assume 2 DL CA capable UEs
· RAN4:
· RAN1 asks feasibility and implication of simultaneous reception of cellular on DL spectrum and D2D associated UL spectrum for FDD band
· RAN1 asks feasibility and implication of single receiver chain switching between cellular spectrum and D2D reception associated UL spectrum for FDD band
· SA2:
· [Public safety UEs are assumed to be able to simultaneously perform cellular on one carrier and D2D on another carrier]
Agreement (RAN1#78):

· In D2D WI in Rel-12, no change in 36.213 to PC for cellular UL transmissions compared to Rel-11

This contribution discusses the remaining issues on the multi-carrier operations, focusing on which D2D transmission/reception operations are feasible under which condition. The companion paper [1] discusses how to determine the D2D transmission power when D2D transmission is feasible.
2. Discussion
This section discusses each case of operating D2D or WAN in each of multiple carriers configured for a UE.
2.1. WAN RX in CC1 and D2D RX in CC2

The working assumption in RAN1#77 can be confirmed by the reply LS from RAN4 where the RAN1 assumption is considered feasible [2]. As D2D RX in a carrier may reduce DL CA/MIMO capability (in communication) or disable DL reception (in discovery), the related UE capability signaling and UE behavior need to be specified accordingly. 
Proposal 1: RAN1 confirms the working assumption made in RAN1#77 for D2D and WAN receptions.
2.2. WAN TX in CC1 and D2D RX in CC2
A UE sometimes needs to operate D2D in a carrier and WAN in another carrier. For example, as confirmed by [3], public safety UEs are able to simultaneously perform cellular on one carrier and D2D on another carrier. However, depending on the UE implementation and the separation between the two UL carriers, it may not possible for a UE to receive D2D in CC1 while transmitting WAN in CC2 at the same time due to the self-interference [4]; time-division multiplexing is needed in some cases to support simultaneous D2D and WAN operations in two carriers. RAN4 input is necessary to conclude this topic.
2.3. WAN TX in CC1 and D2D TX in CC2
Several issues have been discussed in [5] for this case simultaneous transmissions over two carriers. When the transmit timing of the two carriers is the same, it is basically the same as conventional UL CA from the RF point of view, so no specific issues are expected other than handling the power limited case which is discussed in [1]. The following discussions focus on the feasibility of simultaneous WAN TX and D2D TX in different carriers with different transmission timing.
Transmission timing of WAN and D2D is not aligned when D2D TX uses DL timing. Figure 1 illustrates two examples of WAN and D2D signal overlap with different timing. We note that the example in Figure 1(b) corresponds to the case left FFS in the following agreement:
Agreement (RAN1#77): 

· For all UEs, 1-symbol gap is used in every D2D transmission subframe.

· UE drops the entire D2D transmission in subframe n if a D2D transmission without TA is scheduled in subframe n and a transmission with TA>1 symbol is scheduled in subframe n+1.

· FFS whether any special consideration is needed for “a transmission with TA > 1 symbol” when the WAN UL transmission is on a different carrier. 
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Figure 1. Examples of timing misalignment between WAN TX and D2D TX.

Supporting misaligned simultaneous transmission has been up to the UE capability so far. Multiple timing advance group (TAG) was introduced in Rel-11, and if two carriers belong to different TAGs in the UE capability, the UE can support simultaneous transmissions as far as the timing misalignment is not greater than 32.47 us. The UE cannot support misaligned simultaneous transmissions if two carriers belong to the same TAG in the UE capability, which implies that the maximum supported timing misalignment is zero for the two carriers in the same TAG. To generalize this, it can be assumed that, for a given combination of two carriers, there is an upper bound and the UE can support simultaneous transmissions if the timing misalignment is not greater than the upper bound. Details of the related UE capability including the capability signaling or the exact value for the upper bound can reuse the existing ones defined for multiple TAGs or those introduced for other Rel-12 WIs. 

When WAN and D2D signal transmissions overlap in time and the timing misalignment exceeds the upper bound in the UE capability, a UE procedure of dropping D2D transmission needs to be defined. The agreement in RAN1##77 is based on the principle that the entire D2D transmission is dropped in a subframe if no simultaneous transmissions are supported for the two overlapped signals. The same principle can apply to this case as well.

When WAN and D2D signal transmissions overlap in time and the timing misalignment does exceed the upper bound in the UE capability, the two signals can be transmitted simultaneously subject to the power handling discussed in [1].
Proposal 2: UE drops the entire D2D transmission in a subframe in a carrier if it overlaps with WAN transmissions in another carrier and the transmission timing difference of the two carriers exceeds the upper bound in the capability of the UE. Capability signalling for multiple TAG or those introduced for other Rel-12 WIs can be reused to define the related UE capability.
2.4. Simultaneous D2D operations over multiple carriers
The same issues discussed in the above subsections arise if D2D simultaneously operates in two carriers.  The feasibility of supporting this simultaneous D2D TX/RX can be basically the same as what was discussed for simultaneous WAN and D2D operations;
· D2D RX in CC1 and D2D RX in CC2 <=> WAN RX in CC1 and D2D RX in CC2 (discussed in 2.1).

· D2D TX in CC1 and D2D RX in CC2 <=> WAN TX in CC1 and D2D RX in CC2 (discussed in 2.2).

· D2D TX in CC1 and D2D TX in CC2 <=> WAN TX in CC1 and D2D TX in CC2 (discussed in 2.3).

Here, the priority among D2D transmissions/receptions can be a discussion issue. Discussions in Subsections 2.1., 2.2, and 2.3 were based on the principle that WAN TX/RX is prioritized over D2D TX/RX. So, if D2D operation over two carriers is supported, the priority among D2D TX/RX needs to be decided, e.g., in terms of the operating carrier, D2D signal type, and so on.
Proposal 3: RAN1 needs to decide whether simultaneous D2D operations over multiple carriers will be supported. If supported, prioritization of D2D TX/RX needs to be decided.
3. Conclusion
This contribution discussed the multi-carrier issues on which D2D TX/RX operation is feasible in which condition. The discussion is summarized in the following proposals:
Proposal 1: RAN1 confirms the working assumption made in RAN1#77 for D2D and WAN receptions.
Proposal 2: UE drops the entire D2D transmission in a subframe in a carrier if it overlaps with WAN transmissions in another carrier and the transmission timing difference of the two carriers exceeds the upper bound in the capability of the UE. Capability signalling for multiple TAGs or those introduced for other Rel-12 WIs can be reused to define the related UE capability.
Proposal 3: RAN1 needs to decide whether simultaneous D2D operations over multiple carriers will be supported. If supported, prioritization of D2D TX/RX needs to be decided.
______________________________________________________________________
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