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1 Introduction
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 SA1.

The feasibility study accomplished by SA1 [1] led to the definition of specific requirements for ProSe services in [2].  From RAN2 perspective we have 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


From these 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 concurrent discovery sessions.

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 session performed between UEs of different cells.

In this document, a discovery session is characterized by the transmission of one or more discovery beacons by a ProSE TX UE, as illustrated in Figure 1.  A ProSE TX UE is said to be active when engaged in a discovery session.  Multiple discovery sessions may be ongoing concurrently and ProSE RX UEs may listen to one or more sessions. 
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Figure 1
Thus a typical discovery procedure would include the initiation of the discovery session, transmission/reception of the discovery beacon and termination of the discovery session.

3 Considerations for IDLE mode UEs
Whether the discovery procedure design may or may not apply to IDLE mode UEs has been identified at the last RAN2 meeting in Barcelona as a key design issue to be discussed.  In this section we discuss some of the key considerations related to UE RRC mode during discovery. 

The transition of a UE from IDLE to CONNECTED mode results in 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 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. 

Observation 5:
The number of state transitions during discovery procedure should be minimized.
3.1 RRC State for ProSe RX UEs under NW coverage 
One option to limit the number of state transitions is to let ProSe Rx UEs to operate in IDLE mode throughout the whole discovery procedure, an option motiviated by the following:

· 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 initiate a discovery session whereas a Rx UE may finally not be interested by this particular session
· 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)

· Population of ProSe registered UEs that could be involved in a discovery session in an Rx role may be quite large (e.g. for open discovery) 
· Discovery success rate may be quite low in general
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 if needed, for example 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 beacons for one or more discovery sessions.

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 session of interest.

3.2 RRC State for ProSe TX UEs under NW coverage

Initiation of a discovery session and transmissions in IDLE mode may be a desirable feature to reduce signalling load and network resources supporting a wide range of scenarios, yet it respresents somewhat of a departure from current LTE operations.  To support IDLE mode, RAN2 must ensure that ProSe requirements are met, in particular with respect to network control of UE transmissions and interference, scalability and network control of resource allocation.  In the following we discuss transmission of the discovery beacon in IDLE mode and the autonomous initiation of a discovery session in IDLE mode in view of those requirements.
3.2.1 Support of discovery beacon transmission in IDLE mode 

Transmission in CONNECTED mode ensures that the eNB controls the intra-cell and inter-cell interference dynamically (e.g. via scheduling, power control and tight timing advance).  The eNB does not need to control IDLE mode UEs as such as they do not cause interference in current LTE systems.  There are significant differences between regular uplink operations and discovery operations. 
Network control of UE transmissions and interference: 

For discovery (and ProSe in general) intra-cell interference may be caused by unsynchronized ProSe TX UEs.  This interference may be avoided by ensuring that entire subframes are reserved for discovery (thus relaxing the need for tight frequency synchronization) and making sure that the ProSe TX UEs signals do not overlap in time with non-discovery adjacent subframes (e.g. by aligning ProSe transmission with DL timing).  The support for dedicated timing advance control may also not be necessary if we expect only short range discovery and all UEs are aligned to a common reference, since the timings of the UEs in discovery range would be roughly the same.
To avoid inter-cell interference with normal UL subframes and allow for inter-cell discovery, adjacent cells should align the discovery subframes in time.  There are or course deployment cases where this may not be possible and it may still be relevant for the network to be able to control the ProSe TX UEs. 

Observation 6:
The need to maintain timing alignment for ProSe TX UEs depends on discovery signal design and whether or not entire subframes are dedicated to discovery.

Maintaining an active ProSe TX UEs in CONNECTED mode consumes systems resources at the eNB, and also radio resources (e.g. to maintain timing alignment); the actual ProSE load in a system grows with the number of concurrent active ProSe TX UEs.  For these reasons, and since it appears feasible to allow active ProSe TX UEs to transmit in IDLE mode, we propose the following:
Proposal 3: 
RAN2 should consider supporting active ProSe Discovery UEs transmissions in IDLE mode.

3.2.2 Support of autonomous discovery session initation in IDLE mode  

Allowing authorized ProSe TX UE autonomous initiation of discovery session in IDLE mode may impact the stability of the discovery system performance and deserves to be studied by RAN2.
Scalability: 

To guarantee suitable discovery performance in dense environments, sufficient resources need to be allocated to discovery.  This is particularly important for the case where the resources are not UE-specific (e.g. Type 1 allocation) as the network may not be aware on a dynamic basis the number of ProSe TX UEs transmitting on the resources, due to e.g. mobility, autonomous initiation of discovery session by UE application layer, etc.

In some sitations this may lead to significant degradation of the discovery performance, whithout the network being aware of it for potentially long period of time.

Network control of resource allocation: 

In a dynamic network environment, it is important for efficient radio resource management to ensure that ProSe TX UEs are notified quickly of modifications to the discovery resources allocation.  Resource allocations can be carried out in a dedicated and dynamic way (implying CONNECTED mode operations) or via the SIBs (supporting both IDLE mode and CONNECTED mode UEs).  The latter approach is scalable however may be slightly slower due to the SIB change notification mechanism.
Observation 7:
The network must be aware of the density of active ProSe TX UEs for a specific geographical location (e.g. Cell-level, ProSe Area level, etc.) and have the ability to allocate resources and to control ProSe TX UE traffic.  
One mechanism to ensure that the network is aware of active ProSe TX UEs, is for the UE to request or indicate when a discovery session is initiated, thereby requiring a state transition.  Since in most cases it is expected that the number of ProSe Tx UEs is much smaller than the number of ProSe Rx UEs, in general the overhead of the RRC transition from IDLE to CONNECTED of ProSe TX UEs initiating a discovery session may not be as significant, provided the session is long-lived.  The conclusion may be different for the short-lived discovery sessions case, however.

Observation 8:
The total signaling overhead for CONNECTED mode ProSe TX UEs depends on the expected number of initiated discovery sessions.

From this discussion and these observations, we note that there is a potential risk that the discovery performance is significantly affected if the network does not have the proper mechanism to determine when new discovery sessions are initiated.

Proposal 4:
RAN2 should discuss whether the UE needs to send an indication to the Network when autonomous discovery session is initiated or terminated.
4 Conclusion

This contribution discussed connectivity management aspects of D2D discovery under network coverage. We provided considerations on reception, transmission and initiation of discovery sessions in IDLE mode.  It is proposed that RAN2 uses the following working assumptions when further discussing D2D discovery in RAN2:

Proposal 1: 
Agree that ProSe Discovery for IDLE mode UEs should be supported, at least for detection of discovery signals for a given discovery event.

Proposal 2: 
Agree that 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: 
RAN2 should consider supporting active ProSe Discovery UEs transmissions in IDLE mode.

Proposal 4:
RAN2 should discuss whether the UE needs to send an indication to the Network when autonomous discovery session is initiated or terminated.
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