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1 Introduction
In the last RAN2#83 meeting, initial discussion on D2D discovery was held [1]. RAN2 agreed to focus on a D2D discovery mechanism for in-coverage and direct discovery. Furthermore, it was agreed that open and restricted Prose Discovery should have similar RAN2 mechanism to avoid complexity.

Regarding D2D discovery resource allocation mechanism, RAN2 recognized that RAN1 is currently discussing the performance of two types of schemes. 
· Type1:  a common set of resources for discovery signal transmission is allocated to all UEs or group of UEs. Similar to contention-based random access a UE would need to select one of the resources by itself based on a predefined mechanism e.g. random selection. 
· Type2: dedicated resource is allocated to each UE. The resource is allocated for each transmission or semi-statically. Similar to contention-free random access, the network can avoid collision by allocating unique resource to each UE. 
However, it was seen as necessary to investigate the RAN2 aspects of both types of schemes as well. Therefore, RAN2 concluded to discuss the benefits and drawbacks of the Type1 and Type2 resource allocation schemes from RAN2 point of view. Following this conclusion, we discuss in this document the applicability of both types of resource allocation schemes with respect to following RAN2 aspects:

· Signalling support

· Resource selection for transmission/reception

· RAN level control
· Support in RRC states
· Inter-cell discovery
2 Discussion
In the following the applicability of both types of resource allocation schemes is discussed with respect to different RAN2 aspects.

2.1 Signaling support
In Type 1, 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 dedicated signalling to send the same discovery resource allocation information to multiple UEs and there is no advantage of supporting Type1 with dedicated signaling compared to Type 2. 
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 UE can receive discovery resource information. The main advantage of SIB signaling is to simply support idle mode UEs without forcing idle mode UEs to go to RRC connected mode and consequently, it saves signaling to establish RRC connection i.e. random access procedure. The main challenge of Type 1 is that the collision avoidance mechanism is needed to mitigate detection performance degradation in the congested case.
In Type 2, the eNB configures discovery resources by using dedicated RRC signaling. In order to reduce signaling overhead, SPS type of scheduling can be used such that RRC signaling configures a set of resources and PDCCH can activate a certain discovery resource to be actually used. The main concern of this Type2 scheme is that only connected mode UEs can receive discovery resource information. It means that the eNB can allocate discovery resource to only to those UEs that happen to be in connected mode due to the other service or the UE has to initiate RRC connection establishment when the UE enables D2D discovery procedure. If we force the UE to go to the connected mode for resource allocation, Signaling wignaling overhead may be an issue if when there are too many idle mode UEs who want to perform direct discovery at the same time.
2.2 Resource selection for transmission/reception
In case of type 1, similar to contention-based PRACH, the UE selects a discovery resource from a common set of discovery resource based on a predefined rule at each transmission opportunity. One simple solution is the UE 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[5].  The UE transmit its discovery signal with a probability (1-p) where p (0 ≤ p ≤ 1) is a silencing probability configured by eNB .  controlled. . Once the UE determines its transmission opportunities, the UE does know its reception opportunities due to half duplex constraint, where the UE cannot transmit and receive discovery signal simultaneously. The UE is allowed to monitor the remaining discovery resources which are not overlapped with transmission opportunities in time domain. 

In Type 2, since the eNB assigns discovery resource information including time (interval/periodicity) and frequency information (PRB information) on a UE basis, the UE should know the exact timing for discovery signal and if the UE also performs monitoring of discovery, the UE is also configured with discovery resource to monitor. 

2.3 RAN level control
In Type1, since SIB signaling can be received by any UE who camps on the cell or within the cell coverage, there is a possibility of any malicious UE utilizing D2D discovery resource without permission. With this reason, it was questioned whether SIB based resource allocation can meet ProSe requirements in TS22.278 [2]. It is described there that the use of ProSe Discovery must be authorized by the operator and the operator network shall be able to continuously control the use of E-UTRAN resources for ProSe Discovery and ProSe E-UTRA Communication. One possible way to resolve the security concern in SIB signaling is to encrypt SIB information with a shared security key. The UE can receive the shared security key from the serving eNB/MME or from D2D server when the UE achieves authorization from D2D server when the UE enables D2D discovery initially. If the same security key over the network is used (i.e. it is not a cell-specific security key), the UE uses the received key to decrypt the SIB information of the new cell and hence there is no need to re-authorize with D2D server when the UE is moving to another cell after cell (re)selection.  During the authorization, the Type 1 discovery information of the serving cell can be signaled to UE via dedicated RRC signaling together with the shared security key. 

In Type 2, it is ensured that only authorized UEs can get resource allocation for D2D discovery without any special handling. The eNB allocates discovery resource to the authorized UEs only. For this purpose, the eNB can check with MME if the UE is authorized for D2D discovery when the UE requests discovery resource or the UE is connected. 
2.4 Support in RRC states
In LTE, the UE is in either RRC idle mode or RRC connected mode depending on whether RRC connection is established or not. For instance, the UE performs RRC connection establishment procedure due to NAS procedures such as Attach, TAU or Service Request. Since the ProSe-enabled UE requires to be authorized by the network to enable D2D discovery, the UE should be in connected mode for authorization. However, once the UE is authorized, it is questionable whether the UE needs to keep RRC connection when the UE wants to perform direct discovery only without any other data service. In this case, the UE may not need to keep RRC connection with the eNB to save radio resource in the network and to save UE battery power. 
In Type 1, idle mode UE can be supported naturally because in general SIB is supposed to be received in both idle and connected mode. When the UE (re)selects another cell, if the cell-specific security key is not used as mentioned in Section 2.3, , the UE could receive SIB of the target cell and can resume discovery procedure. 

In Type 2, once the UE is configured with an individual discovery resource in the connected mode, the UE could go to the idle mode if no more data needs to be exchanged over Uu interface. The UE may maintain the once assigned resource even in idle mode. However, the UE needs to establish RRC connection again if the UE selects another cell to get a new resource allocation in the new selected cell and to release the resource from the old cell.   Signalling overhead is increased in the scenario where the UE mobility is high and the frequent cell (re)selection can be expected. 
2.5 Inter-cell discovery
Referring to the D2D scenarios for direct discovery and direct communication (1A, 1B, 1C, 1D) which were agreed in the last RAN2#83 meeting [4], 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 [3].
	· 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. via serving cell, neighbor cells should exchange their reference timing information or any assistant information regarding synchronization. 

Furthermore, support of inter-cell discovery requires that resource allocation needs to be coordinated between neighbor cells.  Without coordination, it is likely that D2D discovery transmission in one cell and UL WAN in another cell are overlapped and it will degrade discovery performance due to the large interference from UL WAN especially at the cell edge. 

In terms of signaling, the UE signaling should be introduced to provide assistant information of neighbouring cells if the UE needs to achieve assistant information indirectly from the serving cell. Concerning resource allocation, if resource allocation between multiple cells is fully overlapped, assistance information of neighbouring cells is not necessary. However, if it is not overlapped, the assistant information on resource allocation is required. In intra-frequency case where multiple cells are located on the same frequency, an overlapped resource allocation 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 LTE 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).
In Type 1, the assistant information of all neighbouring cells is included in SIB. Based on UE measurement, the UE decides resource of which neighbouring cells to monitor. For the connected mode UEs, the UE may need to request to configure measurement gap if the UE wants to monitor discovery signal on inter-frequency. Meanwhile, in Type2, the assistant information of only required neighbouring cells needs to be provided. If inter-frequency discovery is involved, the eNB can configure measurement gap with the assistant information. 
3 Conclusion

In this document we have discussed the applicability of Type1 and Type2 resource allocation schemes with respect to different RAN2 aspects.

Based on the discussion, Table 1 shows the summary of comparison between Type1 and Type2 resource allocation schemes.  
Proposal: RAN2 should take Table 1 into account for the decision of the resource allocation scheme for direct discovery. 
Table 1: Comparison between Type1 and Type2 resource allocation schemes
	
	Type1
	Type2

	Resource signaling 
	SIB or dedicated RRC signaling
	Dedicated RRC signaling

	Resource selection for transmission/reception


	Tx: Rules for resource selection need to be defined.
Rx: UE monitors discovery resources which are not overlapped with transmission.
	No special handling is required. UE always utilizes the configured resource for transmission and reception.

	RAN level control
	SIB encryption may be needed if authorization is required.
	No special handling is required except of checking of authorization with MME.

	Support in RRC states
	In idle and connected mode. 
	In connected mode only. 

	Inter-cell discovery
	Assistant information of all neighbouring cells in SIB is needed.
Request measurement gap if the UE wants to support inter-frequency discovery in the connected mode with one RF chain.
	Assistant information of only required neighbouring cells needs to be provided. 

eNB configures measurement gap if the neighbouring cell includes inter-frequency cell.
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