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1   Introduction
Enhanced LTE Device to Device Proximity service WI [1] was agreed to during RAN#66, one of the objectives is:
3) Enhance D2D discovery support in the presence of multiple carriers and PLMNs:

a) Allow D2D transmissions in a non-serving carrier and/or secondary cell belonging to the same and possibly different PLMN as the serving cell [RAN2, RAN1, RAN3, RAN4].
In this contribution we analyze the RAN3 impact of D2D discovery enhancement.
2   Discussion 
As it was defined in Rel-12, the eNB can configure the UEs to use Type 1 or Type 2, there are several approaches for Type 1 and Type2 configurations:
· Rel-12_Type1-Alt1: eNB provides Type 1 resource pool in SIB19, the UE in RRC_IDLE can use the resources to transmit D2D discovery messages.

· Rel-12_Type2-Alt2: eNB does not provide the Type 1 resource pool in SIB19, the UE should go to connected state for resource allocation if it wants to transmit D2D discovery messages, the eNB can configure the UE with Type 1 resource pool via dedicated RRC signaling.

· Rel-12_Type 2: eNB does not provide the type 1 resource pool in SIB19, the UE should go to connected state for resource allocation if it wants to transmit D2D discovery messages, the eNB can configure the UE via dedicated RRC signaling with dedicated resources for transmitting D2D discovery messages. 

In Rel-12, the UE may receive ProSe discovery signals on other frequencies, but the UE can only transmit discovery signalling in PCell. In RAN2#89bis and RAN2 #90 meeting, RAN2 agreed that the RRC signalling can be used to configure either Type 1 or Type 2 discovery configuration for non-primary carrier, for intra-PLMN and inter-PLMN scenarios. 
	RAN2 agreements [2]
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[3]
Intra-PLMN scenario: The option to configure a UE via RRC signalling to transmit discovery in another carrier can be allowed.  The RRC signalling can be used to configure either Type 1 or Type 2 discovery configuration for non-primary carrier. 
If the network has inter-PLMN information then the network should have the option to configure the UE similar to the intra-PLMN case.
For intra-PLMN or coordinated inter-PLMN, the serving eNB can provide direct discovery resource information for other carriers using dedicated signalling or broadcast signalling


In order to allow discovery transmissions in a non-serving cell, the eNB needs to know if there are available resources for discovery transmission in the non-serving cell, then the eNB can use the RRC signalling to configure the UE.

If the non-serving cell belongs to serving eNB, all the resources are controlled by the serving eNB, no RAN3 impact is foreseen.
Proposal1: to allow discovery transmissions in a non-serving cell belongs to serving eNB (Intra-eNB scenario), no RAN3 impact is foreseen.

If the non-serving cell belongs to a neighbour eNB (as shown in Figure1), serving eNB1 may configure the UE to transmit discovery signalling on the non-serving cell2 belongs to eNB2.
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Figure1 discovery transmission on non-serving cell belongs to neighbour eNB
In Rel-12, the eNB1 is not able to know if there is Type 1 resource pool in SIB19 in the cell2, if there is available discovery pool resource or dedicated resource in the cell2, and what the resources are. In Rel-13, in order to support discovery transmissions in a non-serving cell belongs to neighbour eNB, X2 signalling exchange may be needed.

2.1   To allow Type1 discovery Tx in non-serving cell2 of neighbour eNB2

· Case A: if the neighbour eNB2 provides Type 1 resource pool in SIB19 in the non-serving cell2
When the serving eNB1 configures the UE to perform discovery transmission on the non-serving cell2, the UE is able to read the SIB19 of the cell2, and use the received resources pool resources.

The serving eNB1 needs to know whether there is Type 1 resource pool in SIB19 in the non-serving cell2, and if serving eNB1 knows the Type 1 resource pool information, the UE will not need to read the SIB19 of cell2.

· Case B: if the neighbour eNB2 does not provide Type 1 resource pool in SIB19 in the non-serving cell2

The UE is not able to get the resource information via listening to SIB19 of cell2, the serving eNB1 has to configure the UE with Type 1 resource pool information of neighbour eNB2 cell2, hence serving eNB1 has to get this information before that. 
Considering that the Type1 resource pool information will not be changed frequently, for both case A and B, the eNBs can exchange this information via X2 interface, i.e. reuse X2 Setup and eNB configuration procedures to exchange this information between eNBs.
Proposal2: to allow Type1 discovery transmission in non-serving cell of neighbour eNB (Inter-eNB scenario), the eNBs can exchange the Type1 resource pool information via X2 Setup and eNB configuration procedures.
2.2   To allow Type2B discovery Tx in non-serving cell2 of neighbour eNB2

For intra-eNB case, the type2B resources are configured via dedicated RRC signaling, and the resources will be released when the UE goes to idle. For inter-eNB case, there are two approaches for resources coordination:
2.2.1   Option1: per UE basis disc Tx resource request

Upon receiving the request from UE, the serving eNB1 sends Disc Tx resource allocation request to the neighbour eNB2, to ask for disc Tx resource for the UE. The eNB2 will provide the Disc Tx resource information to eNB1 in the response message, if possible. If there are not enough resources, the eNB2 may reply a request failure message towards eNB1.
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Figure2 per UE basis disc Tx resource preparation
After the UE goes to idle, or the UE is handover to eNB2 or another eNB3, the serving eNB1 needs to send release request message to the neighbour eNB2 to release the resources. It is preferred to design the Disc Tx Resource Release request as a class2 message, both eNB1 and eNB2 are allowed to initiate the release request for the UE.

[image: image3.emf]Serving eNB1 Neighbour eNB2

2.Disc Tx Resource release 

eNB1 X2AP UE ID

eNB2 X2AP UE ID

Cell ID, Cause

1. the UE stop using the resource



 EMBED Visio.Drawing.11  [image: image4.emf]Serving eNB1 Neighbour eNB2

2'.Disc Tx Resource release 

eNB1 X2AP UE ID

eNB2 X2AP UE ID

Cell ID, Cause

1'.decides to release the 

resource for the UE


Figure3 per UE basis disc Tx resource release

Although the resource coordination for each UE will bring about 10ms delay to serve the UE, this solution is very efficient from radio resource usage point of view. 
2.2.2   Option2: per cell basis disc Tx resource request
The serving eNB1 sends Disc Tx resource invoke to neighbour eNB2, to request the neighbour eNB2 to reserve some resources for the eNB1 to use, after that, serving eNB1 can configure its UEs to use the Disc Tx resource in neighbour eNB2 cell2. 
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Figure4 per cell basis disc Tx resource preparation
This solution is a kind of resource booking mechanism, which will lead to lower radio resource usage efficiency. In order to increase the efficiency the neighbour eNB2 may request the serving eNB1 to send Disc Tx resource usage status, and update the reserved resources accordingly.
If the serving eNB1 only provides the usage percentage status to the neighbour eNB2, when the neighbour eNB2 update the pattern with different resources, the Serving eNB1 may need to update the resources of all the related UEs, hence the serving eNB may need to inform neighbour eNB2 about which resources are currently in use together with the usage status, which is quite complex.
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Figure5 per cell basis disc Tx resource usage status report
 Considering of the Pros and Cons of these two solutions, it is proposed to adopt the per UE basis option1.

Proposal3: in order to allow Type2 discovery transmissions in a non-serving cell, it is proposed to use per-UE-basis Disc Tx Resource coordination, by introduceing new X2AP procedures.
In case X2 interface is absence, the coordination via S1 interface may also be needed, which can be discussed later.
3   Conclusion
In this contribution, we discussed how to allow discovery transmissions in a non-serving cell, includes the non-serving cell in the serving eNB (intra-eNB), and non-serving cell in the neighbour eNB (inter eNB) scenarios. Get the proposals below:
Proposal1: to allow discovery transmissions in a non-serving cell belongs to serving eNB (Intra-eNB scenario), no RAN3 impact is foreseen.

Proposal2: to allow Type1 discovery transmission in non-serving cell of neighbour eNB (Inter-eNB scenario), the eNBs can exchange the Type1 resource pool information via X2 Setup and eNB configuration procedures.

Proposal3: in order to allow Type2 discovery transmissions in a non-serving cell, it is proposed to use per-UE-basis Disc Tx Resource coordination, by introducing new X2AP procedures.

It is proposed to endorse the corresponding stage2 CR to TS36.300 in [4] and stage3 CR to TS36.423 in [5] and [6].
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