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1 Introduction
In RAN1 #76 meeting, multiplexing between cellular link and D2D link was discussed, leading to the following agreement [1]:

	Agreements on multiplexing of cellular and D2D communications 

· From individual UE perspective, on a given carrier D2D signal reception and cellular UL transmission do not use full duplex

· FDM shall not be used for multiplexing D2D signal and cellular signal from individual UE perspective on a given carrier

· In the event of a time domain conflict between UL WAN transmission and D2D transmission and/or reception and/or switching, UL WAN transmission is always prioritized



In this contribution, we discuss issues related to multiplexing of cellular and D2D communications in in-coverage and partial coverage deployments.
2 Discussion
The following four scenarios need to be supported for D2D communications [5]:
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2.1 In-coverage Idle mode D2D communication 
According to public safety requirements, a UE should be able to receive D2D communications and not miss potential communications from the allowed groups in proximity.  A UE in idle mode has to transition to connected mode to start receiving data from the eNB.  
However, for D2D communication, the network cannot trigger the UE to transition to connected mode as it is not aware of data transmissions from different groups and the UE proximity to those groups.  In order to ensure that the UE can always receive the data it would have to keep the UE always in the connected mode.  This is not efficient from a battery perspective and therefore the UE should be allowed to receive D2D communications while in idle mode.   

Proposal 1: UE should be allowed to receive D2D communications while in RRC_IDLE mode 

Currently, if the UE has UL data to transmit it has to initiate a RRC connection. One of the first and most important steps to UL transmission is the timing alignment to the eNB.  To maintain UL orthogonality, the eNB ensures that all UEs in the coverage of the cell are time aligned. Therefore, in order to avoid intra-cell interference between UL D2D transmissions and cellular transmission, the UEs under the coverage on the eNB should ideally be time aligned, or transmissions from UEs without valid TA need to be supported in the physical layer. Additionally, the resource scheduling aspects will need to be managed with Idle mode UEs.
RAN1 is still discussing the D2D physical channel design, however from RAN2 perspective, to reduce complexity in Release-12, we should focus D2D transmissions in connected mode as the baseline. 
Observation 1: D2D UEs without timing alignment may interfere with cellular UL communications, depending on the chosen design in RAN1. D2D transmissions in connected mode should be supported as a baseline.
2.2 In-coverage UE procedures
2.2.1 In-coverage reception procedures
In scenarios 1B, 1C and 1D, at least one of the UEs is in-coverage, and needs to perform reception of D2D signals while in-coverage of an eNB node.

In both idle mode and connected modes, given the RAN1 decision, while the UE is receiving D2D it cannot perform UL cellular transmission and potentially it may not be able to receive DL cellular transmissions.  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 2: 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 2: 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.  
2.2.2 In-coverage UE transmission procedures
An in-coverage UE may perform UL transmissions either using Mode 1 or Mode 2.  While the UE is in connected mode, the eNB may choose to perform Mode 1 or decide to configure the UE to always use Mode 2 using a configured resource set (time and frequency), if the network doesn’t want to deal with the scheduling complexity for each UE.
It is beneficial to allow the network to have the option to allow either modes of operation while in connected mode.  Since Mode 2 operation still needs to be supported for out-of-coverage UEs, the additional complexity in supporting Mode 2 in coverage is minimal.  

Proposal 3: Both modes of operation are allowed in connected mode (Mode 1 and Mode 2).  The mode of operation can be configured by the network.   
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 the 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 4:  Some inter-eNB coordination is required to be aware of the reception patterns configured across eNBs
2.3 Out-of-coverage UE procedures
For an out-of-coverage UE or a UE that has no UL connection to an eNB, transmissions are performed using Mode 2.  The Mode 2 transmission pool are provided to the UE via a synchronization message, via the SIB or pre-configured.  

One aspect to address is the need for reception opportunities of UEs that are out-of-coverage.  As shown in Figure 1, a UE that is out-of-coverage may be required to receive data from any potential transmitting entity, within the same synchronization area or out-side a synchronization area.  
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Figure 1 UE detects multiple synchronization areas
Observation 3: The UE should be able to receive data from different sources associated to different synchronization areas 
The Mode 2 resource pool contains the time and frequency in which transmission may take place.  From a receiving point of view the UE needs to receive data from different areas and search for new synchronization signals.   This implies that the UE may be continuously searching for synchronization signals and continuously monitoring for potential data transmissions to ensure that all data arriving from different sources are received.  

Observation 4: To be able to receive from different clusters using different/unknown and unaligned transmission opportunities the out-of-coverage UE may need to be continuously receiving.  
From a battery perspective this is not optimal as the UE has to be always on to fulfill the search requirements.  
In normal LTE operations, the UE implements DRX patterns to optimize battery consumptions.  During the DRX periods the eNB is aware that the UE is not required to receive and therefore doesn’t schedule the UE. However, for out-of-coverage D2D communications applying and configuring UEs with a DRX-like reception pattern, would significantly increase the complexity of managing D2D communications.  All UEs across different areas would have to be time aligned and patterns across clusters would have to be coordinated.  While this would optimize battery consumption, given the complexity of the cross-cluster synchronization, and the fact that the UE can implement low duty cycle search functionality, for the Rel-12 time frame no DRX-like patterns should be supported for out-of-coverage UEs.   
Proposal 5: For Rel-12, an out-of-coverage UE continuously searches and performs reception procedures.  No additional battery saving mechanisms (e.g. DRX like patterns) are supported. 

2.3.1 Communication between in-coverage and out-of-coverage UEs
As previously described, an in-coverage UE will only transmit in given opportunities configured by the network.  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 5:  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 6: To ensure the in-coverage UE can receive the data from an out-of-coverage UE, the out-of-coverage UE needs to align the transmitting opportunities with the receiving opportunities of the in-coverage UE. 

In order to provide this information to the out-of-coverage UE, the in-coverage UE has send the reception pattern over a synchronization message and an time reference for the out-of-coverage UE to use.  


[image: image3.emf]eNB

UE2

D2D Reception Pattern 

used by UE1

UE1


Figure 2
The out-of-coverage UEs that receive 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. 
Proposal 6: An in-coverage UE transmits a D2D reception pattern configuration over a synchronization message to ensure proper communication with the out-of-coverage UE.    
3 Conclusion
In this contribution, we discussed reception and transmission procedures for in-coverage and partial coverage deployments.

In summary, we propose the following:

Proposal 1: UE should be allowed to receive D2D communications while in RRC_IDLE mode 

Proposal 2: 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 3: Both modes of operation are allowed in connected mode (Mode 1 and Mode 2).  The mode of operation can be configured by the network.   
Proposal 4:  Some inter-eNB coordination is required to be aware of the reception patterns configured across eNBs
Proposal 5: For Rel-12, an out-of-coverage UE continuously searches and performs reception procedures.  No additional battery saving mechanisms (e.g. DRX like patterns) are supported. 
Proposal 6: An in-coverage UE transmits a D2D reception pattern configuration over a synchronization message to ensure proper communication with the out-of-coverage UE
4 References
[1] 3GPP TR R1-135998 36.843

4/5
2014-03-21

_1456912221.vsd
SCH


UE2


SCH


UE4


UE3


UE1


SH


SCH Synchronization Source


Synchronization Area



_1456905474.vsd

