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1 Introduction

RAN2 received LS on multi-carrier capability from RAN 1 related to the simultaneous reception capability of the UE between D2D discovery and DL cellular reception with the following working assumption:

· For discovery, RAN1 assumes that UE may not be able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D

· For discovery, RAN1 assumes that non-public safety UE may not be able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D
Further agreement from RAN1#76 is as follow:
· 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.
Based on the above RAN 1 working assumptions and agreements, this contribution discusses the network and UE behaviour on D2D discovery and its interaction between network and UE capability. Some recommendations are then proposed. 
2 Discussion
2.1 Possible deployment scenarios for D2D discovery operation
As from RAN plenary, the main focus for D2D discovery is in coverage. An operator can operate D2D discovery in 1 or multiple UL spectrums. Furthermore, to support inter-PLMN discovery, the UE also needs to be able to monitor UL spectrums from other PLMNs. 
Observation#1: UE has to be able to monitor multiple UL spectrums for discovery signal.
2.2 UE capability for simultaneous cellular and D2D discovery operation
A UE may perform simultaneous cellular and D2D operation depending on its RF implementation and the factors affecting such RF implementation is most likely not be specified. From the RAN 1 working assumptions and agreements, some UEs supporting D2D discovery only have a single receiver and TDM has to be used between D2D discovery reception in the UL spectrum and cellular reception in the DL spectrum. This also requires the UE receiver dynamic switching between the UL D2D spectrum and DL cellular spectrum.

Observation#2: Based on RAN 1 LS, UE supporting D2D discovery may only have a single receiver for cellular and D2D reception. TDM has to be used to handle simultaneous D2D discovery reception and cellular reception  

Observation#3: Dynamic switching between reception of the UL D2D spectrum and DL cellular spectrum is needed for single receiver UE.

If UE is a DL CA capable UE, such dynamic switching of carriers and TDM are then not required as the UE can tune the second receiver for D2D discovery. But network needs to know that DL CA capability is degraded and the same mechanism as in [3] can be used. For example, for UE capable of only 2 DL CA, it will not be able to perform DL CA while receiving D2D traffic as the dedicated receiver is also part of the CA capability of the UE. For UE capable of 3 DL CA, CA is still possible on the DL but the CA capability is reduced when D2D reception operation is ongoing. If such received UE indicates that it is monitoring D2D discovery signal to the eNB, the eNB can assume that the UE does not require TDM and also adjust the DL CA capability accordingly. 
For the transmission of Discovery signal and UL cellular signal, if time domain conflict occurs, the UL cellular transmission always takes priority over the D2D transmission as per the RAN 1 agreement. No TDM is thus assumed for transmission. In RAN2#86, it was also agreed for D2D communication the following:

While being in the coverage area of an E-UTRA cell, the UE may only perform ProSe Direct Communication Transmission on the UL carrier of that cell only on the resources assigned by that cell (even if resources of that carrier have been pre-configured e.g. in UICC).

If this is extended to D2D discovery, the transmission for cellular signal and discovery signal can be made to be in the same UL frequency and there is no need of dynamic switching of carriers.
2.3 Handling of single receiver D2D discovery UE
As mentioned in Section 2.1, D2D discovery signals may be sent in different frequencies by an operator and the UE may have to monitor inter-PLMN discovery signals (Observation#1). In Section 2.2, it is observed (Observation#2) that D2D discovery UE can be single receiver which would mean that UE cannot perform simultaneous D2D discovery and cellular reception. The following shows how a single receiver D2D discovery UE monitors the UL D2D discovery spectrum.
2.3.1 RRC Connected mode

From Observation#3, dynamic switching between reception on UL cellular spectrum (also D2D spectrum) and on DL cellular spectrum is required. For TDM, eNB needs to be informed by the UE that it is interested to monitor for discovery signal and the eNB can allow the UE to monitor the discovery reception resources by not scheduling any DL cellular traffic during that time.

Proposal#1: For a single receiver UE in connected mode interested in monitoring for D2D discovery signal in the UL spectrum, the UE should provide an indication to indicate reception interest so that the eNB can provide time for the dynamic switching between cellular DL carrier and D2D carrier. 

In the case where the D2D discovery signals is in multiple UL cellular frequencies, there are several ways for a single receiver D2D discovery UE to monitor multiple UL spectrums in RRC Connected:

Alternative#1: UE hops from 1 D2D frequency to another using existing mobility procedure such as handover
Alternative#2: Switching among UL spectrums of D2D discovery during time domain period

Alternative#3: UE transmitting discovery signal hops from1 D2D frequency to another using existing mobility procedure such as handover (as opposed to Alternative#1 where the receive UE hops from 1 D2D frequency to the next)
For Alternative#1, UE monitoring D2D discovery signal attempts to hop from 1 D2D frequency to the next D2D frequency using inter-frequency handover procedure. Like in the D2D communication, the UE indicates to the eNB that it is operating D2D discovery reception and provides in the indication the D2D frequency (or the corresponding DL cellular frequency) that it would like to hop to. The eNB can use this information to setup measurement for the D2D frequency for handover or blindly handover the UE to the DL frequency corresponding to the UL spectrums of D2D discovery. After handover, the UE reads the SIB for the D2D discovery reception pool. The eNB is informed by the source eNB or by the UE that it is monitoring D2D discovery signal and network can perform TDM to allow the UE to switch between reception on UL frequency and DL frequency by not sending DL cellular traffic during discovery occasions as per Proposal 1.
For Alternative#2, instead of handover from 1 D2D frequency to another, the UE switches to a different D2D frequency autonomously. To do this, the network has to provide the UE with the D2D discovery reception pools in each D2D discovery frequency layer (intra- and inter-PLMN) in the cell and also the timing offset of each pool from the serving cell. Furthermore, to prevent time domain conflict between reception of D2D discovery signal and DL cellular traffic, the UE can provide the network with the D2D frequency that it is monitoring currently. Otherwise, a prioritisation scheme as mentioned earlier (like the transmission) can also be devised here (e.g. DL cellular traffic has higher priority than the D2D discovery signal etc.)
For Alternative#3, UEs monitoring D2D discovery signal stays in the frequency they are camped on while the UE announcing D2D discovery signal hops from 1 D2D frequency to the next. Similar to Alternative#1, the UE indicates to the eNB that it is operating D2D discovery transmission and provides in the indication the D2D frequency that it would like to hop to. After handover, the UE will transmit D2D discovery signal according to the configuration of the new cell (e.g. Type 1 or Type 2 resource allocation). 
Proposal#2: Discuss the 3 alternatives below for a single receiver D2D discovery UE to monitor multiple UL spectrums in RRC Connected:

Alternative#1: UE hops from 1 D2D frequency to another using existing mobility procedure such as handover

Alternative#2: Switching among UL spectrums of D2D discovery during time domain period

Alternative#3: UE transmitting discovery signal hops from1 D2D frequency to another using existing mobility procedure such as handover

2.3.2 Idle mode

In Idle mode, the UE can use to the idle mode DRX period to scan the D2D frequency that it would like to monitor. This can be left to UE implementation if the scanning of D2D frequency does not affect paging and idle mode measurement.

Proposal#3: It can be left to UE implementation on how a D2D discovery UE monitors multiple UL spectrum in Idle mode.  However, current Idle mode cellular operation requirements must be met.
3 Conclusion

 It is recommended that RAN 2 discusses the following observations and proposals:
Observation#1: UE has to be able to monitor multiple UL spectrums for discovery signal.
Observation#2: Based on RAN 1 LS, UE supporting D2D discovery may only have a single receiver for cellular and D2D reception. TDM or prioritisation (between cellular reception and D2D reception) has to be used to handle simultaneous D2D discovery reception and cellular reception  

Observation#3: Dynamic switching between reception of the UL D2D spectrum and DL cellular spectrum is needed for single receiver UE.

Proposal#1: For a single receiver UE in connected mode interested in monitoring for D2D discovery signal in the UL spectrum, the UE should provide an indication to indicate reception interest so that the eNB can provide time for the dynamic switching between cellular DL carrier and D2D carrier. 

Proposal#2: Discuss the 3 alternatives below for a single receiver D2D discovery UE to monitor multiple UL spectrums in RRC Connected:

Alternative#1: UE hops from 1 D2D frequency to another using existing mobility procedure such as handover

Alternative#2: Switching among UL spectrums of D2D discovery during time domain period

Alternative#3: UE transmitting discovery signal hops from1 D2D frequency to another using existing mobility procedure such as handover

Proposal#3: It can be left to UE implementation on how a D2D discovery UE monitors multiple UL spectrum in Idle mode.  However, current Idle mode cellular operation requirements must be met.
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