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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 and DL WAN reception with the following working assumption:

· For communication, RAN1 assumes that UE is able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D
· Public safety UEs are able to simultaneously perform cellular on DL carrier and D2D on associated UL carrier for FDD band
· RAN1 assumes that there is no simultaneous operation of CA and D2D required for Rel-12 D2D communication when a 2 DL CA capable UE is assumed.
Further agreements related to D2D and cellular multiplexing from RAN 1#74bis, RAN1#75 and RAN1#76bis , respectively are as follow:
· TDM can be used for multiplexing D2D signal and cellular signal from individual UE perspective (at least within a carrier)
· FDM shall not be used for multplexing D2D signal and cellular signal from individual UE perspective on a given carrier.
· From individual UE perspective, on a given carrier D2D signal reception and cellular UL transmission do not use full duplex
· 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 agreements, this contribution discusses the network and UE behaviour on D2D transmission and its interaction between network and UE capability. Some recommendations are then proposed. 
2 Discussion
2.1 Possible deployment scenarios for D2D communication operation
In Rel-12, D2D communication operation is mainly focus on public safety deployment. The following are the Public Safety (PS) D2D communication deployment scenarios which we think need to be considered:
Scenario 1: PS operator may have its own dedicated UL spectrum for D2D operation

Scenario 2: PS operator uses commercial operator to operate D2D

· Commercial operator may operate all D2D in one UL frequency 

· Commercial operator may operate D2D in multiple UL frequencies

It is mentioned in [2] that “From a PS perspective, the only multi-carrier scenario prioritized in Rel-12 consists of a UE roaming cellular on a VPLMN but performing D2D on PS spectrum.” In our understanding, this refers to Scenario 1. In such scenario, it is quite likely that the VPLMN may or may not be able to handle simultaneous cellular and D2D operation. Even for VPLMN that handles simultananeous cellular and D2D operation, there may be a transition period where some cells handle and some cells don’t. 
Observation#1: Cell may or may not handle simultaneous cellular and D2D operation, particular when PS operator operates dedicated spectrum for D2D operation  
However, not all PS operators may have dedicated UL spectrum for D2D operation, Hence Scenario 2 should also be considered and the cell has to be able to handle simultaneous cellular and D2D operation. It is possible that the commercial operator can operate D2D operation in 1 UL spectrum or in multiple UL spectrums. 
Observation#2: For a PLMN, D2D communication operation can be operated in 1 UL spectrum or in multiple UL spectrums.

2.2 UE capability for simultaneous cellular and D2D operation
A UE may perform simultaneous cellular and D2D operation depending on its RF implementation and the factors that affects the RF implementation seems unlikely to be specified. From the working assumptions of the RAN 1 LS as follow:
· For communication, RAN1 assumes that UE is able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D
· Public safety UEs are able to simultaneously perform cellular on DL carrier and D2D on associated UL carrier for FDD band
· RAN1 assumes that there is no simultaneous operation of CA and D2D required for Rel-12 D2D communication when a 2 DL CA capable UE is assumed.
From the above assumptions, at least a Public Safety UE has dedicated receiver for D2D operation, separate from the receiver used for DL cellular in the non-CA case. However, it will affect DL CA capability of an UE (i.e. it shares the same RF chain as secondary component carrier). 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. 
Observation#3: Dedicated receiver for D2D operation can be assumed for non-CA capable UE. For CA capable UE, the CA capability is degraded and the network has to take this into consideration.

2.2.1 D2D transmission and reception

For D2D transmission sharing the same UL spectrum as the cellular opertion D2D UL spectrum, UE needs to camp in the DL frequency corresponding to the D2D (UL) frequency for Mode 1 or 2 resource allocation. This is as agreed in the last meeting as follow:

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).

Also RAN 1 has the following agreement for D2D discovery and communication:

· 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
· From individual UE perspective, on a given carrier D2D signal reception and cellular UL transmission do not use full duplex
This means that there is no dedicated transmitter for D2D transmission and TDM or prioritisation needs to be used if cellular and D2D operations are on the same UL spectrum. If cellular and D2D operations are on the different UL spectrum (e.g. D2D operation is on dedicated UL spectrum), either dynamic switching between cellular UL carrier and D2D transmission UL spectrum is required or simultaneous cellular and D2D operation is not possible. Even when there is dedicated receiver, the half duplex property still needs to be adhered to between cellular UL transmission and D2D signal reception.
Observation 4: No dedicated transmitter for D2D transmission and TDM or prioritisation needs to be used between UL cellular transmission and D2D transmission if cellular and D2D operations are on the same UL spectrum. If cellular and D2D operations are on the different UL spectrum (e.g. D2D operation is on dedicated UL spectrum), either dynamic switching between cellular UL carrier and D2D transmission UL spectrum is required or simultaneous cellular and D2D operation is not possible. Also TDM needs to be used between cellular UL transmission and D2D signal reception.
The above seems to be valid for a non-UL CA capable UE. If a UE is UL CA capable, it is possible to perform simultaneous UL cellular transmission and D2D transmission. Like in the DL CA case, the UL CA capability may also be degraded.
Observation 5: If a non-UL CA capable UE can perform simultaneous UL cellular transmission and D2D transmission, the UL CA capability be degraded just like the DL CA capability.
Based on the observations in Section 2.1 and 2.2 and Proposal#1, the subsequent sections discuss the network and UE behaviour in order to operate D2D operation when the UE is operating in cellular mode.
2.3 Network and UE requirements
2.3.1 Cell not handling simultaneous cellular and D2D operation
As mentioned in Section 2.1, such cell most likely occurs when the PS operators operates its own D2D spectrum. This network capability can be provided via the SIB. Such agreement has been made in the previous RAN 2 meeting where SIB will indicate whether how D2D resources are allocated. In our view, the network should at least indicate whether network can handle simultaneous D2D and cellular operation regardless of whether it performs resource allocation. The absence of such indication (e.g. legacy cell or Rel-12 cell not handling simultaneous operation) means that simultaneous cellular and D2D operation is not handled by the cell. In such case, the network cannot take into consideration the UE capability with D2D operation as explained in Section 2.2.
Proposal#1: A cell should at least indicate whether it can handle simultaneous D2D and cellular operation regardless of whether it performs resource allocation.
In such a legacy cell, the UE has to autonomous handle simultaneous cellular and D2D operation, particular in dedicated D2D UL spectrum. If a non-CA capable UE is operating or intending to operate D2D transmission, the UE is not allowed to perform the cellular operation because network will not be able to perform TDM resulting in cellular and D2D operation collision in time. When the UE is operating D2D transmission, the UE can avoid establishing cellular operation (see Observation#4). When the UE in RRC Connected is intending to operate D2D transmission, the UE can either request explicitly a release of RRC Connection or release autonomously. The former means that for PLMN that does not handle simultaneous cellular and D2D operation will have to implement the release request from the UE at least.The latter is not recommended as it might impact the network KPI. Comparing between the 2 options, we prefer the former.

Proposal#2: In a network not capable of supporting simultaneous cellular and D2D operation, a non-CA capable UE in RRC Idle and in D2D operation in dedicated D2D spectrum should not establishing cellular operation.

Proposal#3: In a network not capable of supporting simultaneous cellular and D2D operation, when non-CA capable UE in RRC Connected is intending to operate D2D in dedicated spectrum, the UE should request explicitly a release of RRC Connection.  
If a UE capable of UL & DL CA is intending to operate D2D operation, the UE can provide the network with new UE CA capability with a re-attach procedure.  With reattach, the UE can still perform normal CA capability when the UE has no intention of operating D2D operation and only use degraded CA capability while UE is intending to operate D2D. Hence it is proposed that:
Proposal#4: When a CA capable UE is intending or no longer intending to operate D2D on a dedicated D2D spectrum while being served by a VPLMN not handling D2D operation, the UE has to perform a reattach to refresh the UE CA capability. A UE is intending to operate D2D should provide the degraded UE CA capability  and UE no longer intending to operate D2D should provide the full UE CA capability during the re-attach.
2.3.2 Cell handling simultaneous D2D and cellular operation

In the case PS operator operates in dedicated D2D operation, a UE intending to perform D2D reception should indicate to the eNB which frequency band/carrier the D2D is to be monitored. Together with the UE capability and Observation#3, the eNB can then decide whether CA is still possible on the cellular in the case the UE support DL CA. A UE intending to perform D2D transmission should also indicate to the eNB which frequency band/carrier the D2D is to be transmitted. Together with the UE capability, the eNB can decide to release the cellular connection in the case the UE is no UL CA capable since UL cellular carrier is not the same the D2D UL frequency (See Observation 4). If UE is UL CA capable, it may be able to continue with cellular operation (See Observation 5).   
In the case PS operator operates D2D operation in the same UL spectrum as the cellular, the indication of the frequency band/carrier of the D2D operation provides the eNB with information about which frequency layer to handover for D2D operation in case of mobility. If a UE is to perform D2D reception, again the indication can provide eNB to make decision on whether CA is still possible on cellular in the case the UE support DL CA. If a UE is to perform D2D transmission, the indication indicates to the eNB to perform TDM on the PCell or the UE can perform some prioritisation between cellular and D2D transmission if UE is non-UL CA capable (See Observation 4). If the UE is UL CA capable, the D2D transmission may also be performed on the SCell with eNB performing TDM and  indication can also help to decide whether UL CA is still possible for UE capable of UL CA (See Observation 5).
Observation#5: In the case of D2D reception, the UE assistance information indication along with the UE capability can help eNB on handover decision to maintain D2D reception on a frequency layer and to decide whether CA is still possible on the cellular.

Observation#6: In the case of D2D transmission, the UE assistance information indication can help eNB on handover decision to maintain D2D transmission and to decide whether to, perform TDM or prioritistion scheme between cellular and D2D transmission on the PCell or SCell (for D2D sharing the cellular UL spectrum) or whether UL CA is still possible for UE capable of UL CA 

Other than indicating the D2D frequency, it may also be useful to indicate the D2D operation whether it is for reception only, transmit only or both.

Proposal#5: For cell handling simultaneous D2D and cellular operation, UE should provide an indication to the eNB and contain at least the frequency carrier of the DL frequency of the UL D2D spectrum and the TX/RX direction (i.e. reception only, transmit only or both) in which the UE wants to conduct D2D operation (reception and/or transmission).
3 Conclusion

 It is recommended that RAN 2 discusses the following observations and proposals:
Observation#1: Cell may or may not handle simultaneous cellular and D2D operation, particular when PS operator operates dedicated frequency for D2D operation  

Observation#2: For a PLMN, D2D communication operation can be operated in 1 UL spectrum or in multiple UL spectrums.

Observation#3: Dedicated receiver and transmitter for D2D operation can be assumed for non-CA capable UE. For CA capable UE, the CA capability is degraded and the network has to take this into consideration.

Observation 4: No dedicated transmitter for D2D transmission and TDM needs to be used between UL cellular transmission and D2D transmissionif cellular and D2D operations are on the same UL spectrum. If cellular and D2D operations are on the different UL spectrum (e.g. D2D operation is on dedicated UL spectrum), either dynamic switching between cellular UL carrier and D2D transmission UL spectrum is required or simultaneous cellular and D2D operation is not possible. Also TDM needs to be used between cellular UL transmission and D2D signal reception.

Proposal#1: A cell should at least indicate whether it can handle simultaneous D2D and cellular operation regardless of whether it performs resource allocation.

Proposal#2: In a network not capable to supporting simultaneous cellular and D2D operation, a non-CA capable UE in RRC Idle and in D2D operation in dedicated D2D spectrum should not establishing cellular operation.

Proposal#3: In a network not capable to suppoting simultaneous cellular and D2D operation, when non-CA capable UE in RRC Connected is intending to operate D2D in dedicated spectrum, the UE should request explicitly a release of RRC Connection.  

Proposal#4: When a CA capable UE is intending or no longer intending to operate D2D on a dedicated D2D spectrum while being served by a VPLMN not handling D2D operation, the UE has to perform a reattach to refresh the UE CA capability. A UE is intending to operate D2D should provide the degraded UE CA capability  and UE no longer intending to operate D2D should provide the full UE CA capability during the re-attach.

Observation#5: In the case of D2D reception, the UE assistance information indication along with the UE capability can help eNB on handover decision to maintain D2D reception on a frequency layer and to decide whether CA is still possible on the cellular.

Observation#6: In the case of D2D transmission, the UE assistance information indication can help eNB on handover decision to maintain D2D transmission and to decide whether to, perform TDM or prioritistion scheme between cellular and D2D transmission on the PCell or SCell (for D2D sharing the cellular UL spectrum) or whether UL CA is still possible for UE capable of UL CA.

Proposal#5: For cell handling simultaneous D2D and cellular operation, UE should provide an indication to the eNB and contain at least the frequency carrier of the DL frequency of the UL D2D spectrum and the TX/RX direction (i.e. reception only, transmit only or both) in which the UE wants to conduct D2D operation (reception and/or transmission).
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