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1 Introduction
At RAN Plenary #58, a study item (SI) for LTE Proximity Services (ProSe) was agreed and described in [1].  Following the work accomplished by SA1, a feasibility study on the radio aspects of D2D ProSe services has been proposed in [2].
For RAN2’s perspective, the main objectives of this study may be summarized as follows:

· Identify the enhancements to the LTE RAN protocol to enable discovery, D2D connection establishment and service continuity to/from the macro network

· Evaluate the performance gains which may be obtained by LTE discovery over competing technologies such as WIFI Direct or Bluetooth

· Identify specific enhancement required for out-of-network coverage/public safety cases
This contribution discusses some high-level aspects of connectivity management for LTE discovery procedure under network coverage. We briefly summarize some of the discussions/agreements from SA1, RAN1 and SA2 groups and provide key considerations on discovery with IDLE mode UEs.
Our view is that whether or not D2D discovery for UEs in IDLE mode is efficiently supported may significantly impact both the performance of the system as well as the final design. As such, support for IDLE mode UEs should be discussed in the early stage of this work.
2 Background Discussions
This section summarizes some of the discussions and agreements on D2D discovery from other working groups.

From RAN2 perspective, during a discovery event, a D2D UE may perform one of 2 main functions: transmission of a discovery signal (when the UE announces a service) or reception of a discovery signal (when the UE monitors a service).  Thus, in this contribution, we use the following terminology: the UE announcing a service is called the Tx UE, while the UE monitoring a service is called the Rx UE.

2.1 ProSe Service Requirements (SA1)
The feasibility study accomplished by SA1 [1] led to the definition of specific requirements for ProSe services in [3].  From RAN2 perspective we’ve selected the following key requirements: 
	· ProSe shall be able to accommodate potentially large numbers of concurrently participating ProSe-enabled UEs

· ProSe Discovery and ProSe Communication shall be available to ProSe-enabled UEs [...] even if potentially served by different eNBs 

· The operator network shall be able to continuously control the use of E-UTRAN resources for ProSe Discovery and ProSe E-UTRA Communication

· Potential negative impact of ProSe on the E-UTRAN services should be minimized


2.2 ProSe Architecture (SA2)
Following the feasibility study accomplished by SA1 [1], a technical report on architecture enhancements to support Proximity Services has been started in SA2 [4].  From RAN2 perspective we consider the following elements of this ongoing work as the most relevant to discuss:
	Baseline architecture
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Identities
· It is assumed that there is a user application-layer identity per ProSe-enabled application

· Whether a globally or locally unique 3GPP UE identity (device specific or user and device specific) or an identity identifying the user can be used as a ProSe identity is under study

ProSe function

A ProSe function may handle:

· Allocation and distribution of ProSe identities

· Discovery procedure trigger, e.g. from

· Location services

· Interface with application server

· Discovery resource configuration

· E.g. allocation of a resource index, 

· Mapping between this index and a radio resource is still under RAN control
ProSe configuration

2 main architecture flavours have been discussed:
· Discovery configured by ProSe function through IP (no impact on EPC)

· Discovery configured by ProSe function through NAS signalling
Radio resource allocation

SA2 states that based on RAN outcome, one of these options will be adopted.
· Tx UE
· Option A) The RAN only indicates the available radio resources for ProSe announcement. The permitted announcing UE contend with each other for the available radio resource for announcement. In this case, the UE is authorized to use the radio resource via the ProSe registration procedure. 

· Option B) The UE requests the network to allocate radio resources before it performs the announcement. In this case the RAN may also indicate the radio resources for ProSe announcement.
· Rx UE
· Option A) The UE has obtained the related announcing code to be discovered. In this case the UE only monitors if the related announcing code is received. If it is received, then the discovering UE regards the destination UE is discovered.
· Option B) The UE does not have a definite UE to be discovered. In this case the discovering UE just monitors the received radio signal. Per the UE’s interest it may query the network to resolve the identity of a received announcement code. The network may then return the related application layer user ID to the UE, if it is authorized for this application. 


2.3 Physical Layer for D2D Discovery (RAN1)
The initial discussions in RAN1 were mainly focused on evaluation methodology, channel models and scenarios for D2D discovery and communication.  In terms of solutions, discussions have been started on resource allocation procedures and 2 main types of resource allocation have been highlighted for evaluation:
	1) 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)
2) 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


From SA1 requirements, we make the following observations:

Observation 1: 
Any modifications required to eUTRA in support of ProSe Discovery should scale well at least in terms of number of participating UEs and number of discovery events.

Observation 2: 
eUTRA support of ProSe Discovery should enable efficient operator management of radio resources.

Observation 3: 
eUTRA support of ProSe Discovery should enable support for a discovery event performed between UEs of different cells.
3 Considerations for IDLE mode UEs
From the discussions summarized in the previous section, it is unclear if the discovery procedure design may or may not apply to IDLE mode UEs. In this section we discuss some of the key topics related to UE RRC mode during discovery. 

The transition of a UE from IDLE to CONNECTED mode implies some control plane overhead. Such transition implies the following sequence of events: Paging, random access procedure, RRC connection establishment, initial security activation, default EPS RAB and radio bearer establishment. Thus any RRC IDLE to CONNECTED transition caused by discovery will impact both the paging load and the RACH capacity compared to the legacy system, and increase control plane overhead in eUTRA and in the EPC. UE power consumption will also be affected.  

Observation 4: 
The design of a discovery procedure should take into consideration the RRC state of the UEs, for Tx UEs as well as for Rx UEs. 

3.1 IDLE to CONNECTED Transitions for ProSe UEs
When RAN receives a discovery trigger, ProSe registered UEs involved in the event may be either in IDLE mode or in CONNECTED mode. It would be possible to have all UEs initially in CONNECTED mode but this would require that any UE registered to ProSe feature may have to stay in CONNECTED mode. This could be done either through real-time eUTRA/ProSe interactions to determine what UEs are currently registered for discovery or by some form of ‘Keep alive’ background signalling to avoid transitions to IDLE mode for the concerned UEs. The impact would be significant as a ProSe registration may be long-lived. Alternatively it would be possible that all UEs involved in a discovery event are first moved to CONNECTED mode (with the control overhead it implies).
The following points may be raised:

· In case of open discovery, this control plane overhead may apply to any ProSe UE present in the area 

· This overhead may be repeated for each new discovery event (e.g. UEs in dense areas may be subject to multiple discovery events)
· In the case where the discovery procedure is not successful, this overhead doesn’t bring any benefit to the user

· The success rate of a discovery procedure may be very low, e.g. when the number of UEs monitoring a service is much higher than the number of UEs advertising this service and/or when the geographical area of the discovery event is much larger than the range of the concerned discovery 
Depending on the type of discovery, on the number of UEs involved and on the frequency of discovery events, the impacts in terms of UE power consumption and control overhead may become significant. This seems to contradict the ProSe requirement specified in [3]: ‘Potential negative impact of ProSe on the E-UTRAN services should be minimized’.
Observation 5: 
RAN2 should consider efficient support of IDLE mode UEs for the discovery procedure
3.2 IDLE to CONNECTED Transitions for Rx UEs
Based on the above discussion, it seems clear that a discovery procedure design should limit the number of IDLE to CONNECTED transitions caused by a discovery event. One option is to limit the IDLE to CONNECTED transitions to Tx UEs only. This approach where Rx UEs are kept in IDLE mode may be interesting for the following points:

· In most of the discovery use cases, the ratio between Rx and Tx UEs may be much higher than 1

· In most of the discovery use cases, a Tx UE may be the initiator of the discovery event whereas a Rx UE may finally not be interested by this event

· A Rx UE may have a passive role during most of the discovery procedure and thus would not degrade network performances (e.g. if it is not time aligned)
As discussed in section 3.1:

· Population of ProSe registered UEs that could be involved in discovery events in an Rx role may be quite large (e.g. for open discovery) 
· Discovery success rate may be quite low
It would be preferable if one design objective would include that UEs in IDLE mode can participate in the discovery procedure and move to CONNECTED mode only upon successful discovery (e.g. to transmit a discovery report).
Proposal 1: 

eUTRA should support ProSe Discovery for IDLE mode UEs, at least for detection of discovery signals for a given discovery event.

Proposal 2: 

A UE in IDLE mode should not need to perform a transition to CONNECTED mode before it completes the physical layer procedure and successfully detects proximity for a given discovery event.
3.3 IDLE to CONNECTED Transitions for Tx UEs

From SA2 discussions detailed in section 2.2, it appears that the case by which a UE may autonomously initiate a contention-based transmission in a semi-static resource may be supported. A possible implication of this approach is that discovery transmission may be supported for ProSe registered UEs while in IDLE mode.
While discovery transmissions in IDLE may be a desirable feature, RAN2 must ensure that ProSe requirements are met:
· Scalability: i.e. how to ensure that collision rate is low enough to guarantee suitable discovery performance in dense environments? 
· Network control of UE transmissions: e.g. how to handle an IDLE mode UE that transmits autonomously and degrade discovery and/or network performances by generating interferences (e.g. if it is not time aligned)?
· Network control of resource allocation: i.e. how to ensure that UEs are notified quickly enough of a modifications to the discovery resources?
Proposal 3: 
Support for transmission of discovery signal(s) for IDLE mode UEs for ProSe Discovery is FFS
However, according to most use cases, it can be expected that the number of Tx UEs is much smaller than the number of Rx UEs in which case the overhead of the RRC transition for such UEs may not be as significant.
4 Conclusion

This contribution discussed connectivity management aspects of D2D discovery under network coverage. We analyzed some of the discussions/agreements from SA1, SA2 and RAN1 groups which may be relevant to RAN2 work. We also provided additional considerations on discovery of IDLE mode UEs as we consider that it may significantly impact the D2D discovery design.
It is proposed that RAN2 uses the following working assumptions when further discussing D2D discovery in RAN2:
Proposal 1: 

eUTRA should support ProSe direct Discovery for IDLE mode UEs, at least for detection of discovery signals for a given discovery event.

Proposal 2: 

A UE in IDLE mode should not need to perform a transition to CONNECTED mode before it completes the physical layer procedure and successfully detects proximity for a given discovery event.
Proposal 3: 
Support for transmission of discovery signal(s) for IDLE mode UEs for ProSe Discovery is FFS
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