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1. Introduction
This contribution discusses the aspects of multiplexing WAN and D2D on a given carrier based on the related agreements and working assumptions made so far.
2. Multiplexing between WAN and D2D communication
2.1. Impact of D2D on existing operation using WAN link

As D2D is TDMed with WAN UL, it may cause some impacts on existing WAN UL transmission since some of WAN UL subframes assigned for D2D communication cannot be used for WAN UL transmission.

Assuming that reception on eNB downlink is available, if HARQ ACK transmission falls onto D2D subframes, D2D transmission/reception is interrupted by the agreement of prioritizing WAN over D2D. Thus, efficiency of multiplexing D2D and WAN is impacted, especially when a lot of subframes are used for D2D purpose (e.g., D2D communications). The eNB may try to minimize the impact on D2D by avoiding WAN transmission on D2D subframes, but this will in turn degrade the WAN performance, especially the DL performance, because this attempts implies that eNB needs to avoid scheduling PDSCH in some subframes whose HARQ ACK is to be transmitted in D2D subframe. To handle this problem proper change in HARQ ACK timing is needed on the D2D SFs which conflict with HARQ ACK transmission. One possible change is that UE shifts HARQ-ACK transmission to the next available UL subframe (see Figure 1). We note that some solution is already defined in TDD systems by using the DL HARQ reference UL-DL configuration as agreed in the TDD eIMTA discussions in RAN1#74.
In multi-subframe configuration with HARQ-ACK repetition and TTI bundling, it is likely that one or more subframes in a transmission interval collide with D2D subframes. For UEs located at the cell edge in the partial coverage scenario, it is especially probable to be configured to enable multi-subframe transmission.  Given WAN UL priority over D2D when collision between WAN and D2D occurs, a single WAN UL scheduling may block multiple consecutive D2D subframes. Further consideration such as HARQ-ACK repetition and TTI bundling over non-contiguous subframes can be discussed.
Proposal 1: Proper solution is needed to efficiently accommodate D2D communications while minimizing its impact on existing operations.
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Figure 1: WAN UL HARQ ACK/NACK shifting
2.2. UE behavior when D2D control signaling is dropped
Due to the prioritization of WAN over D2D, some UE behavior needs to be considered when D2D control signaling is dropped by the WAN UL transmissions. Here, the D2D control signaling can include D2DSS, PD2DSCH, and scheduling assignment. Especially, for the case where scheduling assignment is lost, it needs to be decided whether the corresponding transmitter UE is allowed to send D2D data channels. The UE may be able to keep transmitting D2D data channels if the UE is regarded as one that does not change the content of scheduling assignment; at least the D2D data channels can be received by the UEs having the assumption that no appearance of new scheduling assignment from that UE means that the previous scheduling assignment is kept.
Proposal 2: Further discussion is necessary on the UE behavior when D2D control signaling is dropped.
3. Multiplexing between WAN and D2D discovery 

3.1. Simultaneous receptions of WAN and D2D
Two types of D2D receiver operations that are half-duplex and full duplex receiver between WAN DL and D2D RX were discussed [1]. A UE equipped with the full duplex receiver can receive DL signal continuously in DL band while doing D2D operations in UL band. This operation requires two parallel receiver implementations as depicted in Figure 4(b). On the other hand, a UE equipped with the half-duplex receiver illustrated in Figure 4(a) cannot receive DL signal in some subframes because the one and only receiver should be used for D2D signal reception in UL band. As the two implementation types have different impact on the WAN operation of the UE, it needs to be discussed whether to support both receiver types or select one of them. 

For this issue, CA or NAIC capable UEs may have different solutions because such UEs already have multiple RX circuits for different carrier signal or interference decoding and a circuit not under DL RX usage could be used for D2D RX. 

Especially, for the non-PS UEs which only perform D2D discovery, implementing additional RX circuit only for D2D discovery can be highly cost inefficient. Therefore, for this kind of UEs, it should be taken into account to reuse WAN DL RX circuits for D2D discovery, which means WAN DL is DRXed for the subframes used for D2D discovery.
Proposal 3: Further study is needed on the possibility of simultaneous DL reception and D2D reception at a UE. 
Proposal 4: For the non-PS UEs, it should be taken into account to reuse WAN DL RX circuits for D2D discovery.
3.2. Collision handling between WAN UL and D2D
 In general, in case of collision between WAN UL transmission and D2D discovery transmission, WAN UL transmission has higher priority. Therefore, if collision occurs, D2D transmission has lower priority and is dropped. This principle can be applicable to both Type 1 and Type 2 discovery. For type 1 discovery however needs more discussion regarding the following aspect due to its unique resource structure. There are two possible options handling collision in the above case: 

· Opt 1. D2D resource reselection: if any available resource unit is left in the resource group, a UE can select another resource unit (within the discovery resource unit) so that it can utilize the resource to the best. Here, the available resource units at the time of reselection mean the one excluding the subframes colliding with WAN UL.

· Opt 2. D2D dropping: discovery transmission is dropped when collision occurs. The failure in D2D transmission can be compensated by putting a higher transmission probability in the next transmission opportunity.

If we apply Opt 1, a UE reselects one of available resource units from non-colliding subframes. In order to make up D2D transmission loss for the sake of WAN UL transmission, additional resource selection opportunity within the same resource group is provided. If Opt 2 is adopted, a UE does not transmit D2D discovery in the same resource group but transmission probability p for the next resource group, may be set to a higher value such as p+δ, δ >0.  
Proposal 5: When collision occurred between type 1 discovery and WAN UL transmission, a UE should be able to reselect D2D resource for type 1 discovery signal transmission from non-colliding subframes.
4. Conclusion
Proposal 1: Proper solution is needed to efficiently accommodate D2D communications while minimizing its impact on existing operations.

Proposal 2: Further discussion is necessary on the UE behavior when D2D control signaling is dropped.
Proposal 3: Further study is needed on the possibility of simultaneous DL reception and D2D reception at a UE. 

Proposal 4: For the non-PS UEs, it should be taken into account to reuse WAN DL RX circuits for D2D discovery.

Proposal 5: When collision occurred between type 1 discovery and WAN UL transmission, a UE should be able to reselect D2D resource for type 1 discovery signal transmission from non-colliding subframes.
______________________________________________________________________
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