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1 Introduction
In this paper we discuss the concurrent WAN communication and Discovery monitoring in RRC Connected state.
2 Discussion
D2D UE interested in monitoring the discovery information transmitted by other D2D UEs can be in RRC Idle or RRC connected state. As per the RAN 2 agreements [1] there is no requirement that D2D UE should be in RRC connected state for monitoring the discovery information. However the D2D UE can be in RRC Connected state while it is monitoring the discovery information in following scenarios:

a. D2D UE is also transmitting the discovery information and discovery resources for transmission are not indicated in SIB.
b. D2D UE is also having WAN communication with eNB
Observation 1: D2D UE can be in RRC connected state while monitoring the discovery information transmitted by the other D2D UEs.
2.1 UL WAN TX and Discovery RX
The discovery resources (in camped cell / neighbor cells) and WAN TX resources may be configured in the same subframe [2] [3]. RRC connected UE can perform UL WAN TX and Discovery RX only if,
a. ENB schedules the resources for UL WAN TX to UE in subframes other than the subframes in which discovery resources are configured in the neighbor cells and camped cell. This is possible if eNB is aware that the UE in RRC connected state is also monitoring the discovery information transmitted by other D2D UEs.
Observation 2: If the eNB is made aware of the UE performing discovery RX, the eNB can schedule UL WAN TX for this UE outside the discovery subframes, thus enabling the UE to have more opportunities for Discovery RX.
So we propose that, RRC connected UE informs the eNB when it starts monitoring the discovery resources. Monitoring start indication is sent to eNB in UEAssistanceInformation message.
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Figure 2
On receiving the UEAssistanceInformation message with monitoring start indication, eNB may schedule the resources for UL WAN transmission to UE in subframes other than the subframes in which discovery resources are configured in the neighbor cells and camped cell if possible.
RRC connected UE informs the eNB when it stops monitoring the discovery resources. Monitoring stop indication is sent to eNB in UEAssistanceInformation message.
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Figure 3

Proposal 1: RRC connected UE informs the eNB when it starts monitoring the discovery resources. Monitoring start indication is sent to eNB in UEAssistanceInformation message.

Proposal 2: On receiving the UEAssistanceInformation message with monitoring start indication, eNB may schedule the resources for UL WAN transmission to UE in subframes other than the subframes in which discovery resources are configured in the neighbor cells and camped cell if possible. 
Proposal 3: RRC connected UE informs the eNB when it stops monitoring the discovery resources. Monitoring stop indication is sent to eNB in UEAssistanceInformation message.

2.2 DL WAN RX and Discovery RX (FDD system only)
In the RRC connected state, UE has to receive the transmissions from eNB in DL. RRC connected UE can perform DL WAN RX and Discovery RX only if,

a. UE has two RX chains, one RX chain to monitor the discovery resources and another RX chain to receive the transmissions from eNB. Or 
b. ENB does not transmit to UE in DL at the time corresponding to discovery subframes in UL. This is possible if eNB is aware that the UE in RRC connected state is also monitoring the discovery information transmitted by the other D2D UEs. UE also needs to be aware of the subframes at which eNB does not transmit in DL. UE does not monitor PDCCH in these subframes.
Observation 3: If the eNB is made aware of the UE performing discovery RX, and the eNB is made aware that UE has only one RX chain, the eNB can schedule DL WAN RX for this UE at time not conflicting with the discovery subframes, thus enabling the UE to have more opportunities for Discovery reception. 
If D2D UE is transmitting the discovery information and discovery resources for transmission are not indicated in SIB then D2D UE is in RRC connected state only for discovery information transmission. There is no active WAN communication with eNB. In this case UE can monitor the discovery resources only during DRX period. The eNB needs to be aware that UE is monitoring the discovery information transmitted by the other D2D UEs so that it can configure the DRX cycle such that subframes indicated by ONDurationTimer are not overlapping with the discovery subframes. This will enable RRC connected UEs which do not have active DL communication (i.e. UE entered the connected state only for discovery information transmission) to monitor the discovery resources during the DRX period. 
Observation 4: RRC connected UEs which do not have active DL communication (i.e. UE entered the connected state only for discovery information transmission) can monitor the discovery resources during DRX Period. If the eNB is made aware of UE performing discovery RX, and the eNB is made aware that UE has only one RX chain, the ENB can configure DRX configuration which minimizes UE WAN activity at time corresponding to discovery subframes.
So we propose that, RRC connected UE informs the eNB when it starts monitoring the discovery resources. Monitoring start indication is sent to eNB in UEAssistanceInformation message. UE also indicates whether it is capable of discovery reception in parallel to WAN DL reception or not. On receiving the UEAssistanceInformation message with monitoring start indication from a UE which is not capable of discovery reception in parallel to WAN DL reception, eNB can configure DRX configuration which minimizes UE WAN activity at time corresponding to discovery subframes or eNB can indicate UE (in RRCConnectionReconfiguration message) may prioritise D2D reception in all or a subset of the discovery subframes.
Proposal 4: RRC connected UE indicates whether it is capable of discovery reception in parallel to WAN DL reception or not. This indication is sent to eNB along with monitoring start indication in UEAssistanceInformation message.

Proposal 5: On receiving the UEAssistanceInformation message with monitoring start indication from a UE which is not capable of discovery reception in parallel to WAN DL reception, eNB can configure DRX configuration which minimizes UE WAN activity at time corresponding to discovery subframes or eNB can indicate UE (in RRCConnectionReconfiguration message) may prioritise D2D reception in all or a subset of the discovery subframes.

2.3 Handover and Monitoring indication

UE monitoring the discovery resources may handover to another eNB. So when a UE handovers from source eNB to target eNB then source eNB informs the UE monitoring status to the target eNB as part of UE context transfer. 

Proposal 6: During handover the source eNB informs the UE’s monitoring status to the target eNB as part of UE context transfer.
UE may send monitoring start/stop indication to the source eNB after the handover request is sent from source eNB to target eNB. In this case the target eNB will not have the correct information about the UE’s monitoring status. So if a UE has sent a monitoring start/stop indication just before the handover, it may send the same in the target cell immediately after the handover.
Proposal 7: If the UE has sent monitoring start/stop indication during the last 1s before the handover (i.e. reception of the RRCConnectionReconfiguration message including mobilityControlInfo), it may send the monitoring start/stop indication in the target cell immediately after the handover.
3 Conclusion

In this paper we have discussed the concurrent WAN communication and Discovery monitoring in RRC Connected state. We propose:
Proposal 1: RRC connected UE informs the eNB when it starts monitoring the discovery resources. Monitoring start indication is sent to eNB in UEAssistanceInformation message.

Proposal 2: On receiving the UEAssistanceInformation message with monitoring start indication, eNB may schedule the resources for UL WAN transmission to UE in subframes other than the subframes in which discovery resources are configured in the neighbor cells and camped cell if possible. 
Proposal 3: RRC connected UE informs the eNB when it stops monitoring the discovery resources. Monitoring stop indication is sent to eNB in UEAssistanceInformation message.

Proposal 4: RRC connected UE indicates whether it is capable of discovery reception in parallel to WAN DL reception or not. This indication is sent to eNB along with monitoring start indication in UEAssistanceInformation message.

Proposal 5: On receiving the UEAssistanceInformation message with monitoring start indication from a UE which is not capable of discovery reception in parallel to WAN DL reception, eNB can configure DRX configuration which minimizes UE WAN activity at time corresponding to discovery subframes or eNB can indicate UE (in RRCConnectionReconfiguration message) may prioritise D2D reception in all or a subset of the discovery subframes.

Proposal 6: During handover the source eNB informs the UE’s monitoring status to the target eNB as part of UE context transfer.

Proposal 7: If the UE has sent monitoring start/stop indication during the last 1s before the handover (i.e. reception of the RRCConnectionReconfiguration message including mobilityControlInfo), it may send the monitoring start/stop indication in the target cell immediately after the handover.
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