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1 Introduction
In this document, we provide a signaling flow based on Type 1 resource allocation and discuss additional aspects which need to be taken into account to support D2D discovery operation. 
2 Signaling flow and required messages 
Figure 1 shows signaling flow based on Type 1 resource allocation.
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Figure 1: Signaling flow with Type1 resource allocation
The each step and required signaling information are summarized as follows:
1. UE_A and UE_B are registered for D2D service with D2D server associated to UEs over application layer. 
· During the registration, each UE may be assigned a ProSe application identity or a ProSe UE identity. In case of restricted discovery (e.g. UE_B wants to discover UE_A), the UE_B requests information to get permission of UE_A via application layer. 
2. UE_A and UE_B (application layer) enable discovery procedure. UE_A enables announcing (step 2a), while UE_B enables monitoring (step 2b). It is also possible to enable both announcing and monitoring. 
3. Once D2D discovery procedure is enabled, UE_A and UE_B receive discovery zone information signaled by eNB via SIB.
· The common set of resources can be configured by using SIB or dedicated RRC signaling. However, in terms of signaling overhead using SIB signaling is more efficient compared to the dedicated RRC signalling to send the same discovery resource allocation information to multiple UEs. In SIB signaling, discovery resources can be included in an existing SIB (e.g. SIB2) or a new SIB if different update periodicity is required. Both idle mode and connected mode UEs can receive discovery resource information. 
· Discovery zone refers to the set of discovery resources allocated by the eNB for discovery purposes. A discovery zone configuration example for UL spectrum in FDD mode is shown in Figure 2. The discovery zone is periodically repeated (NPeriodicity) and is composed of multiple subframes (NSF) and multiple RBs (NRB). The eNB signals the required information for the discovery zone including NPeriodicity, NSF and NRB. 
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Figure 2: Discovery zone configuration example
4. UE_B starts monitoring discovery signal. 

· The monitoring UE_B starts monitoring discovery signal in the configured discovery zone. In case where the UE_B enables both announcing and monitoring, the UE_B cannot monitor all discovery resources due to half-duplex constraints i.e. the UE_B cannot transmit and receive discovery signal simultaneously. Therefore, the UE_B determines discovery resource to monitor after the UE_B determines its transmission opportunities. The UE_B is allowed to monitor the remaining discovery resources which are not overlapped with transmission opportunities in time domain. 

5. UE_A determines resource from the discovery zone.
· In Type1, the set of discovery zone is allocated and thus the UE_A selects one of resources from the discovery zone for the actual transmission of discovery signal. Similar to contention-based PRACH, the UE_A selects a discovery resource based on a predefined rule at each transmission opportunity. One simple solution is the UE_A randomly selects the discovery resource from the set of discovery resource at each instance. Furthermore, to reduce the collision probability, transmission opportunity can be further controlled by using random silencing scheme [1].  The UE_A transmits its discovery signal with a probability (1-p) where p (0 ≤ p ≤ 1) is a silencing probability configured by eNB. 

6. Announcing UE_A transmits discovery signaling. 
· The UE_A sends discovery signal on the selected discovery resource at step 5. 
Proposal 1: RAN2 is asked to agree on and to capture the signaling flow in Figure 1 into TR36.843[2].  

3 Further discussion 

In this section, we discuss additional aspects which need to be taken into account to support discovery operation. 
3.1 Inter-cell discovery
Referring to the D2D scenarios for direct discovery and direct communication (1A, 1B, 1C, 1D) which are included in D2D TR[3], direct discovery should be supported between UEs located in different cells (i.e. inter-cell discovery).  In RAN1, the following was agreed regarding inter-cell discovery [4].
	· For inter-cell discovery, synchronous and asynchronous cells deployments should both be studied

· The following two options for inter-cell discovery can be considered, including their potential applicability in different scenarios
· By directly or indirectly achieving information about the other cell synchronization reference timing 

· By decoding/detecting asynchronous discovery messages/signals without necessarily prior knowledge of the associated message/signal’s synchronization

· The detailed solution is FFS


In view of the RAN1 agreements in case of asynchronous cell deployments, if timing information needs to be achieved indirectly i.e. the UE receives timing information signaled via serving cell, neighbor cells should exchange their reference timing information or any assistance information regarding synchronization. 

Furthermore, support of inter-cell discovery requires that discovery zone needs to be coordinated between neighbor cells.  Basically, eNBs should avoid configuring UL WAN and D2D discovery zone in the same resource. If they are located in the same resource, it will degrade discovery performance due to the large interference from UL WAN especially at the cell edge. 

If discovery zone between multiple cells is fully overlapped, assistance information of neighbouring cells is not necessary. However, if it is not overlapped, the assistance information on resource allocation is required. In intra-frequency case where multiple cells are located on the same frequency, an overlapped discovery zone is beneficial because 1) it can increase the possibility of detecting UEs in both serving and neighboring cells in one shot monitoring and 2) naturally avoided the inter-cell interference between D2D discovery and normal UL WAN operation. In inter-frequency scenario, where the cells are located on different frequencies, discovery resource should be located in different subframe to allow the UE to receive discovery signal with one RF chain (measurement gap in case of connected mode).
Observation 1: If discovery zone is not fully overlapped among neighbouring cells and the UE needs to achieve assistance information indirectly from the serving cell, additional signaling may be introduced with the discovery zone information of the serving cell. 
Since RAN1 is under discussion on discovery zone configuration for inter-cell discovery in both synchronous and asynchronous system, it would be good for RAN2 to wait more until RAN1 provide information on whether eNB needs to provide assistance information on discovery zone.  
Proposal 2: RAN2 is asked to wait until RAN1 provides more input on resource allocation for inter-cell discovery.
3.2 Co-existence with WAN mode
The main advantage of Type 1 is that the UE does not need to request radio resource to the eNB when the UE starts D2D discovery and thus, the discovery procedure can be supported in RRC_IDLE mode as well as RRC_CONNECTED mode. However, within network coverage, the UE may need to support both WAN operation and D2D discovery procedure. It may be necessary to consider if there is any impact on WAN operation due to discovery procedure. 

· Downlink reception: the UE would receive normal LTE service including data and control signalling while it enables discovery procedure in RRC_CONNECTED mode. It should be clarified first whether the UE is capable of receiving both downlink signal and discovery signal in uplink. If it is not possible, the UE could treat it as measurement gap. That is, the UE skip monitoring PDCCH in the subframe which is overlapped with discovery zone especially monitoring discovery resource. 
· Uplink transmission: due to the half-duplex constraints, the UE cannot transmit uplink signalling, while the UE receives discovery signal in the uplink spectrum. In case of PRACH transmission, the eNB can make sure that D2D discovery zone is not overlapped with PRACH region. However, in case of uplink data/control information, if the eNB schedules/configures uplink resource in the same subframe which is overlapped with discovery zone, the UE may skip LTE uplink transmission similar to the measurement gap.  
If the discovery operation is required rarely(e.g. once per 1 second) compared to WAN mode due to the large periodicity and it does not degrade the performance of data transmission, it may not be necessary for the eNB to know the interruption in WAN mode due to discovery procedure. Otherwise, the UE performing discovery procedure needs to indicate to the eNB. The impact would be depending on the amount of discovery zone and periodicity. 

Observation 2: If the interruption in WAN mode due to discovery operation is significant, the eNB may need to know that the UE enables discovery operation even in Type 1 resource allocation. 
Proposal 3: RAN2 is asked to discuss whether the impact is significant if the UE skips LTE downlink reception or uplink transmission due to discovery procedure.   

4 Conclusion

In this document, we show a signaling flow based on Type 1 resource allocation in Section 2 and have further discussion on the additional aspects which need to be taken into account to support D2D discovery operation in Section 3. Based on the discussion, we propose that RAN2 consider the following observations and proposals in designing D2D discovery operation. 
Proposal 1: RAN2 is asked to agree on and to capture the signaling flow in Figure 1 into TR36.843[2].
Observation 1: If discovery zone is not fully overlapped among neighbouring cells and the UE needs to achieve assistance information indirectly from the serving cell, additional signaling may be introduced with the discovery zone information of the serving cell.
Proposal 2: RAN2 is asked to wait until RAN1 provides more input on resource allocation for inter-cell discovery.
Observation 2: If the interruption in WAN mode due to discovery operation is significant, the eNB may need to know that the UE enables discovery operation even in Type 1 resource allocation.
Proposal 3: RAN2 is asked to discuss whether the impact is significant if the UE skips LTE downlink reception or uplink transmission due to discovery procedure.
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5.  Discovery resource is selected from discovery zone
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