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1 Introduction

In the RAN Plenary #58 meeting, a study item for LTE device to device (D2D) proximity services was approved [1] with the objective of evaluating the feasibility of LTE device-to-device proximity services, including both proximity discovery and D2D communication.

The study item also identified the following RAN3 related aspects: 

	3)
Identify and evaluate options, solutions and enhancements to the LTE RAN protocols within network coverage [RAN2 primary, RAN3 secondary]:

a)
to enable proximal device discovery among devices under continuous network management and control, 

b)
to enable direct communication connection establishment between devices under continuous network management and control,  

c)
to allow service continuity to/from the macro network


In a previous contribution in RAN3#82 [2], the SI Rapporteur presented a concise overview of the status of the D2D SI in the RAN Plenary, RAN1, and RAN2 working groups.  Several observations were made regarding the potential RAN3 scope of D2D.  In particular, for proximity discovery, it was proposed that “Resource coordination for inter-cell discovery should be studied in RAN3”.
In this paper we discuss the main considerations for proximity discovery from the perspective of RAN3. We focus in particular on discovery resource coordination for inter-cell discovery, and other aspects that may impact inter-cell discovery such as announcing UE mobility.

2 Inter-cell Discovery
In order to enable the commercial benefits of proximity discovery, it should not be limited to the discovery of UEs served by a single cell. Intercell proximity discovery must be supported, but is complicated by the fact that cell deployments may be either synchronous or asynchronous. In RAN1 #74bis, a working assumption was agreed that for the purposes of ProSe, a D2D enabled UE could derive its synchronization from any node transmitting a D2D Synchronization Signal (D2DSS). Furthermore, if the synchronization source for the D2D UE is an eNB, then the D2DSS is Rel-8 PSS/SSS [3].
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Figure 1. Illustration of inter and intra cell proximity discovery
Figure 1 illustrates inter and intra cell proximity discovery. UE1 and UE2 both derive their timing by synchronizing to the downlink timing of eNB1, whereas UE3 derives its timing from eNB2. Each UE may transmit a discovery message on certain uplink resources designated by its serving eNB. The time bases for UEs 1 & 2 would be essentially synchronized to each other, with a relatively small offset due to their respective propagation delays to eNB1. However, as UE3 is synchronized to eNB2, its time base may be vastly different than UEs 1 & 2. This is particularly true if the time bases of eNB1 and eNB2 are not synchronized with each other (asynchronous deployment). 
In RAN1 #74bis, it was further agreed that the discovery message transmission resource configuration would consists of a number of subframes, which may be semi-statically configured [3]. Figure 2 shows an illustrative example of the discovery subframes and discovery cycle for eNB1 and eNB2. Note that the pattern of discovery subframes may be different on neighboring cells, in addition to the lack of synchronization. This means that discovery subframes on one cell, will coincide with subframes dedicated to scheduling uplink transmissions on the neighboring cell.
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Figure 2. Discovery cycles and subframes of neighboring eNBs
Taking the example of Figure 1, UE3 may be able to receive discovery messages from UE1, but without knowledge of the discovery subframe pattern for eNB1, this may be difficult. Furthermore, UE2 may transmit a discovery message in a particular discovery resource allocated by eNB1, while UE3 is scheduled to transmit PUSCH to eNB2 in the same resource. UE 1 may receive significant interference from UE3, which could degrade or prevent the discovery of UE2. Thus eNB2 may require information about the pattern of eNB1’s discovery subframes to enable intercell discovery, and to minimize interference with discovery signal transmissions in eNB1. Therefore, it may be desirable for eNBs to exchange information about discovery subframe patterns to enable efficient intercell proximity discovery. Such an information exchange may entail new messaging over the X2 interface.
Observation 1: Information about the pattern of discovery subframes, and the allocation of discovery resources in neighboring eNBs may be important for the performance of intercell proximity discovery.

Proposal 1: RAN3 should analyze and define an efficient method to exchange discovery subframe patterns between eNB .
3 Inter-cell Coordination of Discovery Resources
RAN1 has defined two types of resource allocation for proximity discovery: 

	· Type 1: a discovery procedure where resources for discovery signal transmission are allocated on a non UE specific basis

· Note: Resources can be for all UEs or group of UEs

· Type 2: a discovery procedure where resources for discovery signal transmission are allocated on a per UE specific basis

· Type 2A: Resources are allocated for each specific transmission instance of discovery signals

· Type 2B: Resources are semi-persistently allocated for discovery signal transmission




For Type 1 discovery resource allocation, the eNB provides a pool of discovery resources as defined by the discovery subframe pattern. An announcing UE selects a resource from this pool to transmit its discovery subframe. As a monitoring UE has no prior knowledge of where to expect the discovery signal transmission, it should monitor and try to decode all subframes in the discovery subframe pattern. Thus both the announcing and monitoring UEs need to know the discovery subframe pattern for Type 1 discovery.
The most efficient way to communicate the discovery subframe pattern to all UEs served by an eNB is to broadcast this information in a SIB [4]. However, this clearly poses a challenge for intercell discovery, as a monitoring UE would typically not have any information about the discovery subframe pattern for a neighboring cell. On the other hand, if discovery subframe patterns are exchanged between eNBs as per proposal 1, then it would be possible to include the discovery subframe information for neighboring cells in the SIB message.

Observation 2: It may be beneficial to include the parameters of the discovery subframe pattern for both serving and neighboring eNBs in the SIB message.
With Type 2 discovery resource allocation, the network assigns discovery resources to specific announcing UEs. There are several benefits to Type 2 discovery resource allocation, including interference management, reduced discovery latency, and improved UE power consumption [5]. In order to capitalize on these benefits, it is important that monitoring UEs have knowledge of the specific discovery resources assigned by a cell. In reference [4] we presented 2 methods to communicate the allocated discovery resources to monitoring UEs: 
1) For open discovery, the eNB broadcasts a list of its all assigned discovery resources. A monitoring UE may then attempt to only decode this list of assigned resources, when in the coverage of the cell that made the assignment. 
2) For restricted discovery, assigned discovery resources are only communicated to monitoring UEs authorized to discover the announcing UE
, through dedicated signaling. A monitoring UE would attempt to decode the specific discovery resource when it moves into the coverage of the cell that made the assignment.
Similar to Type1 discovery, for Type 2 open discovery the eNB should also broadcast a list of discovery resources assigned by neighboring cells, in order to facilitate intercell discovery. Since Type 2 dynamically allocates discovery resources to UEs, there is a need to update neighboring eNbs as the allocation changes. Again, such information exchange may entail new messaging over the X2 interface.

Observation 3: Information about the assigned Type2 resources should be exchanged with neighboring eNBs to enable open discovery.

Proposal 2: RAN3 should analyze and define an efficient method to exchange Type2 resources assignments between eNBs. 
Figure 3 illustrates the message flow for Type 2 intercell open discovery. Note that the Type2 resource assignment of eNB 1 is communicated to neighboring eNB 2 over X2 (step 5A). In addition to eNB1 indicating the assigned discovery resource (DTFR_Index k = 1 in step 6A), it is also indicated by eNB2’s SIB message (step 9A). This alerts UE B to monitor DTFR resource k from eNB 1, where the discovery message of UE A is received (step 10B). Note that once eNB 1 releases the discovery resources for UE A, this may again be communicated to neighboring eNB 2 (step 15 A). The other details of the message flow were provided in [4], and will not be repeated here for brevity.
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Figure 3. Message flow for Type 2 ProSe - open discovery 
4 Mobility Impact on Discovery Resources

As discussed above, for Type 2 discovery resource allocation, the eNB assigns discovery resources to announcing UEs. Because of this, there is a need to release the assigned resources if the announcing UE moves to a different cell. This is particularly important for Type 2B resource allocation, since with Type 2B the discovery resource may be assigned for a long period of time or indefinitely. If the announcing UE is in the RRC connected state, the discovery resource may be released as part of the handover procedure. However, if the announcing UE is idle, then there may be a need to develop a new procedure to recover discovery resources from a UE that has reselected to another cell.  Reference [6] proposed to release previously assigned Type 2 discovery resources by enhancing the TAU procedure. This enhanced procedure is illustrated in Figure 4 below.
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Figure 4. ProSe Location Update Procedure 
In Figure 4 the ProSe Location Update is triggered when the UE reselects away from an eNB, or a group of eNBs which coordinate discovery resource allocation. The UE uses the RACH procedure to initiate the ProSe Location Update to the new serving eNB. The UE sends a short NAS message, which includes its last assigned discovery resource (if any), and the identity of the eNB that allocated this discovery resource to the UE. The newly selected eNB forwards the ProSe Location Update message to the UE’s MME so as to update the UE’s location. If the last discovery resource is included in the message, the MME sends a request to the last eNB to release this resource. The new eNB may assign a new discovery resource to the UE and piggy back this assignment with the ProSe Location Update Ack (NAS message).

Observation 4: If Type 2B discovery resource allocation is adopted, there will be a need to provide procedures to release discovery resources following a mobility event.
Proposal 3: RAN3 should analyze and define S1 & X2 procedures to release Type 2 discovery resources following a mobility event of an announcing UE.
5 Conclusion

In this paper we discussed the main considerations for proximity discovery from the perspective of RAN3. We focused in on discovery resource coordination for inter-cell discovery.

We have the following observations and proposals:

Observation 1: Information about the pattern of discovery subframes, and the allocation of discovery resources in neighboring eNBs may be important for the performance of intercell proximity discovery.
Observation 2: It may be beneficial to include the parameters of the discovery subframe pattern for both serving and neighboring eNBs in the SIB message.
Observation 3: Information about the assigned Type2 resources should be exchanged with neighboring eNBs to enable open discovery.

Observation 4: If Type 2B discovery resource allocation is adopted, there will be a need to provide procedures to release discovery resources following a mobility event.
Proposal 1: RAN3 should analyze and define an efficient method to exchange discovery subframe patterns between eNB .

Proposal 2: RAN3 should analyze and define an efficient method to exchange Type2 resources assignments between eNBs. 
Proposal 3: RAN3 should analyze and define S1 & X2 procedures to release Type 2 discovery resources following a mobility event of an announcing UE.
Proposal 4: RAN3 should capture the message flows of sections 3 & 4 in TR 36.843 [7].
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� For example, if proximity discovery is supporting a social networking application, only the user’s buddy list may be authorized for discovery.
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