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1. Introduction
At RAN#58 meeting, a new SI on LTE device to device proximity services (ProSe) was approved [1].  As direct communication is one important issue in D2D, this contribution gives our initial considerations on D2D direct communication modes and resource allocation solutions.
2. Discussion
2.1. Direct communication modes
SA2 defines two modes for E-UTRAN ProSe Direct Communication in [2] as below.
	Two different modes for ProSe Direct Communication one-to-one are supported:
-
Network independent direct communication: This mode of operation for ProSe Direct Communication does not require any network assistance to authorize the connection and communication is performed by using only functionality and information local to the UE. This mode is applicable only to pre-authorised ProSe-enabled Public Safety UEs, regardless of whether the UEs are served by E-UTRAN or not. 

-
Network authorized direct communication: This mode of operation for ProSe Direct Communication always requires network assistance and may also be applicable when only one UE is "served by E-UTRAN" for Public safety UEs. For non-Public Safety UEs both UEs must be "served by E-UTRAN".


For network authorized direct communication, the communication resource is allocated by network. The network can directly schedule the D2D data transmission or allocate a semi-static resource to each D2D group and the UEs in the D2D group negotiate how to allocate the semi-static resource amongst them.
For network independent direct communication, the radio resource used can be assumed to be pre-configured for each UE or each D2D group. If it is pre-configured for each D2D group, UE participating in D2D communication can negotiate how to share the preconfigured resource. Considering the applicable scenario, this mode can be used in both out of and within network coverage. There is no problem in case of out of network coverage, but in case of within network coverage, if the pre-configured resource is same as that used by E-UTRAN cell, it may cause strong interference to the E-UTRAN network, which should be avoided as much as possible.
Proposal 1: Network independent direct communication within network coverage should use the radio resource which is different from the network used.
For network authorized direct communication mode, the impacts on RAN include the network resource allocation, configuration and scheduling scheme; while for network independent direct communication mode, the impacts include the configuration and scheduling scheme. Since the impacts on RAN of the independent mode are the subset of that in the authorized mode, we give some potential solutions for the authorized mode in the next part. 
2.2. Solutions for network authorized direct communication
2.2.1 eNB controlled direct communication
In this solution, eNB controls the resource allocation and data scheduling. 
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Figure1.  eNB controlled D2D communication

The principles in this solution are given as below:
· eNB manages the radio resources for direct communication;
· eNB allocates the resource for D2D communication;
· eNB allocates the actual resource for D2D data transmission via the eNB scheduling command;
· If D2D direct communication across eNBs, eNBs should coordinate the resource via X2 or S1;
· UE obtains the configuration and scheduling command for direct communication from serving eNB.
· D2D UE Sender transmits data on the resource assigned by eNB, or the resource coordinated by D2D UE Sender and UE Receiver if the resource allocated by eNB is semi-static resource pool. 
· D2D UE Receiver receives data on the resource assigned by eNB, or the resource coordinated by D2D UE Seceiver and UE Receiver if the resource allocated by eNB is semi-static resource pool. 
· The D2D transmission/reception is in the same subframe, which is different from the subframe used for scheduling command transmission. Thus for UE Receiver, new scheduling timing should be introduced. 
To make it clear, two examples are given as below in Figure2 and Figure3, Figure2 for broadcast communication and Figure3 for unicast communication. 
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Figure2. eNB controlled D2D broadcast communication procedure
The steps for Figure2 are given as below:
Step 1: eNB broadcasts the D2D scheduling resources in the cell, and all UEs are aware that where to monitor D2D scheduling command (i.e. D2D PDCCH) from eNB; Instead, the resource can also be delivered to UE via dedicated signalling;
Step2: If UE Sender wants to request the D2D broadcast communication, or triggered by CN via paging, it establishes RRC connection with eNB. If UE has been in connected mode, this step can be omitted; 
Step 3: UE Sender sends D2D broadcast communication request to eNB, this step can be merged into step 2 e.g. by a special setup cause.
Step 4~5: Authentication procedure.

Step 6: eNB sends the D2D broadcast communication response to UE Sender, and D2D ID is included, which is used for the eNB scheduling command indicated to the UE Sender;
Step 7: Both UE Sender and Receiver monitor PDCCH in the D2D scheduling resource:
· UE Sender only monitors the PDCCH with D2D ID;
· UE Receiver monitors the PDCCH with all D2D IDs or the PDCCH with the D2D ID it is interested in. Note: Receiver can obtain the interested D2D ID via the dedicated signaling;
Step 8: D2D data transmission in the air interface:
· Once UE Sender receives the PDCCH with D2D ID, it will prepare the D2D data and transmit it on the resource indicated by the PDCCH; 
· When UE Receiver receives the PDCCH with the interested D2D ID, it will receive the D2D data on the indicated resource.
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Figure3. eNB controlled D2D unicast communication procedure
The steps for Figure3 are similar as Figure2. The main difference is that both UE Sender and UE Receiver need to enter the connected mode and perform the authentication procedure. In addition, before resource allocation, since in this example UE Sender and UE Receiver connect to the different eNB, in step 5, eNB1 and eNB2 should do some coordination work to uniform the resource and D2D ID allocation to the D2D UE pair. 
2.2.2 New coordination entity controlled direct communication
In this solution, new coordination entity controls the resource allocation and data scheduling. 
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Figure4. New coordination entity controlled D2D communication
The principles in this solution are given as below:
· DCE (D2D Coordination Entity) manages the radio resources for direct communication in one D2D Area, without coordination amongst eNBs;
· DCE allocates the resource for D2D scheduling in one D2D Area, which is broadcast by eNB;
· DCE allocates the actual resource for D2D data transmission and eNB transfers it to UE via the scheduling command; or 
· DCE can allocate the actual resource pool for each D2D communication, and UE Sender can decide the actual resource for data transmission.
· UE obtains the configuration and scheduling signaling for direct communication from DCE via eNB;
· D2D UE Sender transmits data on the resource assigned by DCE, or the resource coordinated by D2D UE Sender and UE Receiver if the resource allocated by DCE is semi-static resource pool.
· D2D UE Receiver receives data on the resource assigned by DCE, or the resource coordinated by D2D UE Sender and UE Receiver if the resource allocated by DCE is semi-static resource pool.
There is a new concept: D2D Area. A D2D area consists of a group of cells which are coordinated to achieve direct communication.  All direct communications in the D2D area are managed by a logical entity DCE. DSI (D2D schedule information) comes from DCE. Every eNB reserves certain radio resources for D2D communication and these resources are managed by DCE. 
To make it clear, two examples are given as below in Figure5 and Figure6, Figure5 for broadcast communication and Figure6 for unicast communication. 
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Figure5. DCE controlled D2D broadcast communication procedure
The steps for Figure2 are given as below:

Step 0: eNB broadcasts the radio resource of DSI (D2D schedule information).
Step 1: Core network triggers sender UE to start a D2D broadcast communication. 
Step2: UE Sender establishes RRC connection with serving eNB. 
Step 3: UE Sender sends D2D broadcast communication request to DCE.
Step 4~5: Authentication procedure.

Step 6: DCE sends the D2D broadcast communication response to UE Sender. Here DCE allocates a D2D ID to sender UE.
Step 7: Both UE Sender and Receiver monitor DSI in the D2D scheduling resource:
· UE Sender only monitors the D2D ID related information in DSI;
· UE Receiver monitors all D2D IDs or interested D2D ID related information in DSI. Note: Receiver can obtain the interested D2D ID via the dedicated signaling;
Step 8: DCE sends the DSI to eNB;
Step 9: eNB sends the DSI to UEs;
Step 10: D2D data transmission in the air interface: 
· Once UE Sender receives the its D2D ID in DSI, it will prepare the D2D data and transmit it on the resource indicated in DSI; 
· When UE Receiver receives the DSI or interested D2D ID in DSI, it will receive the D2D data on the indicated resource.
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Figure6. DCE controlled D2D unicast communication procedure
The steps for Figure6 are similar as Figure5. The main difference is that both UE Sender and UE Receiver need to enter the connected mode and perform the authentication procedure. And UE Receiver only monitors the allocated D2D ID in the DSI. 
There are two kinds of solutions, eNB controlled distributed solution and DCE controlled centralized solution. We propose RAN2 can discuss the above two kinds of solution in this SI.
Proposal 2: It is proposed to consider the eNB controlled distributed solution and DCE controlled centralized solution in this SI.
3. Conclusion

According to the analysis in section 2, it is proposed:
Proposal 1: Network independent direct communication within network coverage should use the radio resource which is different from the network used.
Proposal 2: It is proposed to consider the eNB controlled distributed solution and DCE controlled centralized solution in this SI.
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