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1 Introduction
In RAN1 #76 meeting, coexistence between cellular link and D2D link was discussed, and it was agreed to further discuss the issues related to multiplexing of D2D and WAN for a single UE [1]. In this contribution, we discuss RAN2-related coexistence issues between cellular and D2D communications in in-coverage and partial coverage deployments.
2 Discussion
2.1 Transceiver Architecture Limitations

D2D communications is to operate in half-duplex and take place on the UL frequency (or UL subframes for the case of TDD).  In practice for a UE to be capable of operating in D2D and at the same time operate with an eNB, either the UE receiver must be capable of simultaneously receiving (dual-receiver) on both UL and DL frequencies, or it must operate with TDM patterns (single-receiver).
A dual-receiver is more costly in terms of hardware implementation as it requires not only additional logic circuitry (some may argue that those components may be borrowed from DC-capabilities but this depends largely on each UE implementation), but also additional RF components.  On the other hand, there is potentially significant complexity associated to supporting single-receiver architecture with potential performance degradation due to the TDM limitation between D2D and WAN.
At a high-level, a UE with a single receiver connected to an eNB would have tune to the UL frequency in order to receive D2D transmissions/search for D2DSS.  The main issues with this approach are as follows:

· Lost of DL performance

· RF switch time guard periods needed

· eNB must coordinate the TDM pattern with the UE in case it receives/transmits using D2D

A UE with a dual receiver does not suffer from these drawbacks, on the other hand it may not be efficient for a UE to monitor constantly for D2DSS/SA signals and some level of DRX may need to be designed (although may not need to be specified).
The following sections investigate possible solutions for single receiver architectures for in-coverage and out-of-coverage D2D operations.
2.2 In-coverage D2D operations with WAN
In both idle mode and connected modes, given the current agreements, a UE with a single receiver may not be able perform DL cellular reception and D2D reception in the same TTI.  Therefore, to ensure that cellular communication is not impacted while the UE is receiving D2D communications, the network needs to be aware and provide/configure the UE reception opportunities (e.g. sub frames in which the UE can receive D2D communication). During these reception opportunities the eNB is aware that it should not schedule the UE or page the UE.  

For example, the reception opportunities can be provided to the UE in form of a pattern (e.g. duration and cycle).  Furthermore, such reception opportunities for UEs in idle mode would allow the UE to perform DRX and save battery.  
Observation 1: In order to co-exist with cellular communications and to allow battery savings for idle mode UEs, when in-coverage, UEs need to be configured by the network with receive opportunities to receive D2D communications
In addition to reception opportunities (e.g. sub frames) the UE also needs to be configured with the resource pool for D2D reception (pre-configured resource pool or using system information) frequently. 
Proposal 1: A UE should be configured with a D2D resource pool that includes the sub frames in which the UE is allowed to perform D2D reception and the resources (e.g. frequency) in which it can perform D2D communications.  
An in-coverage UE will only transmit in given opportunities configured by the network, either Mode 1 or Mode 2.  As the out-of-coverage UE may be continuously receiving, then any data transmitted from the in-coverage UE will be properly received if the transmitting and receiving resources are known. 

Observation 2:  An out-of-coverage UE can receive the in-coverage transmissions if the frequency resources used are known
On the other hand, if an out-of-coverage UE is transmitting and an in-coverage UE can only receive on some opportunities, as configured by the network, then the transmitting opportunities of the out-of-coverage UE should be aligned with the receiving opportunities of the in-coverage UE.  

Observation 3: To ensure the in-coverage UE can receive the data from an out-of-coverage UE, the transmission opportunities of the out-of-coverage UE needs to be aligned with the receiving opportunities of the in-coverage UE. 

In one alternative, the out-of-coverage UE may be provided with this information. In order to provide this information to the out-of-coverage UE, the in-coverage UE has send the reception pattern for example over a synchronization message (e.g. PD2DSCH) and a time reference for the out-of-coverage UE to use.  


[image: image1.emf]eNB

UE2

D2D Reception Pattern 

used by UE1

UE1


Figure 2
The out-of-coverage UEs that receives this pattern can use it to determine the transmission opportunities. All other out-of-coverage UEs that do not receive this message will not be affected. 
Note however that the PD2DSCH synchronization channel is still being discussed in RAN1 and is still FFS. If RAN1 does not agree to introduce this channel, then to support coordination for a single receiver D2D UE, other mechanisms need to be discussed. 
Another alternative mechanism could be that the in-coverage UE notifies the eNB when it needs gaps to receive from out-of-coverage UE. However, this mechanism may need to be dynamic and reactive and require significant signaling.
Proposal 2: Based on the outcome of RAN1 discussions, RAN2 would need to discuss the two alternatives to support a single receiver in-coverage UE.

A second issue is related to the support for single Rx UEs with inter-cell discovery. For both Mode 1 and Mode 2, the network has to ensure that the transmission opportunities or the scheduling opportunities of UEs in Mode 1 are aligned with the reception opportunities of all D2D UEs.  

As the UE may be performing inter-cell D2D communication it is important that the eNBs are aware of the reception patterns of UEs connected to other eNBs such that communications between UEs in different eNBs is guaranteed.  
Proposal 3:  Some inter-eNB coordination is required to be aware of the reception patterns configured across eNBs.
In view of the above issues, and given the time schedule for Rel-12, RAN2 should discuss if the support of single receiver UE for D2D communications can be de-prioritized.

Proposal 4: Discuss if the support for single receiver UE for D2D communication can be de-prioritized for Rel-12.  
3 Conclusion
In this contribution, we investigate the key issues for supporting single receiver architectures for in-coverage D2D operations.  To support single receiver architectures, we propose the following:

Proposal 1: A UE should be configured with a D2D resource pool that includes the sub frames in which the UE is allowed to perform D2D reception and the resources (e.g. frequency) in which it can perform D2D communications.  
Proposal 2: Based on the outcome of RAN1 discussions, RAN2 would discuss the two alternatives for a single receiver UE in-coverage.
Proposal 3:  Some inter-eNB coordination is required to be aware of the reception patterns configured across eNBs.
In view of the above issues, and given the time schedule for Rel-12, RAN2 should discuss if the support of single receiver UE for D2D communications can be de-prioritized.

Proposal 4: Discuss if the support for single receiver UE for D2D communication can be de-prioritized for Rel-12.  
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