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1 Introduction
As per the agenda item 7.5.1 c) in the proposed agenda for RAN2-85 the following needs to be discussed.
Compare resource allocation (type1 vs. type2a/b). How would they work (flow charts, …). Clarify message/data flows in particular for type2. 
In this paper we discuss the various aspects of resource allocation for direct discovery including resource configuration and management, signaling impacts and resource selection for transmitting and receiving UEs.

2 Discussion

There are three types of discovery mechanism discussed in RAN1 [6].
	· 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.



2.1 Framework to Support Type 1 and Type 2 Resource Allocation
From RAN2 perspective, support for Type 1 framework implies the NW would need to allocate a block of resources in a semi-static manner.  UEs can select a resource from the allocated resource block (e.g. by using some form of listen-before-talk), with the probability of the collisions depending on the design of the resource selection function in RAN1. 
In terms of signalling efficiency, Type 1 is the most efficient and supports both IDLE and CONNECTED mode. Thus, we think Type 1 resource allocation should be considered as a baseline for ProSe discovery.
Proposal 1: Agree that Type 1, non-UE specific semi-static, resource allocation is considered a baseline for ProSe Discovery Resource Allocation for Rel-12.
In some cases, congestion may occur in the shared resources due to too many active ProSe transmitting UEs. The network can increase the resource pool in order to handle the high discovery load, however an increase in % of total LTE resources allocated to discovery services becomes undesirable as it comes at the expense of the normal cellular communications.  

Therefore, in order to allow the network to ensure that discovery process can continue to be supported with some robustness and optionally offer some service differentiation, the network may need the additional flexibility to schedule some UEs using dedicated resources (e.g. type 2 scheduling). Thus, the support for Type 2 may be necessary depending on the use-case, and should not be precluded while designing a Type 1 solution. 
Observation 1: Type 2 resource allocation allows additional network flexibility. 
If both Type 1 and Type 2 are supported, mechanisms to provide the resource allocation for receiving and transmitting UEs will need to be addressed.

A receiving UE, will need to be made aware of both Type 1 and Type 2 resources, whereas a transmitting UE just needs to be configured with the resources it will use to transmit (e.g. either Type 1(common) or Type 2 (dedicated)).  
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Figure 1 Resource Allocation for Transmitting and Receiving ProSe discovery UEs
As shown in Figure 1, for ProSe reception, the eNB may use SIB signalling to transmit the entire resource pool (Type 1 + Type 2) to all the UEs in the cell.  A ProSe receiving UE needs to listen to the entire signalled resource pool. 
The transmitting UE, may use the dedicated resources (if signalled by dedicated signalling) otherwise it may use the common broadcasted pool (Type 1).  
Observation 2: A common design to support both Type 1 and Type 2 resource allocation framework is feasible in Rel-12.

The RAN1 impacts and benefits of Type 2A and Type 2B are currently under discussion. 

From RAN2 and signalling point of view the impact of supporting Type 2 allocation, depends on whether Type 2A or Type 2B is supported.  

It is observed that in order to support Type 2A a dynamic per-TTI PDCCH based scheduling is required whereas to support Type 2B, RRC signalling may be used to provide a semi-persistent allocation to the UE.  Thus, there is little commonality in these approaches and potential additional standardization efforts may be required to support and design the PDCCH format structure for Type 2A.
On the other hand, for Type 1 and Type 2B approaches, the resource configuration message structure (i.e. IE) may be similar, so some re-use may be possible. Therefore once signalling design is completed for Type 1, the additional complexity to support Type 2B should be minimal.  

Observation 3: From signalling perspective, the additional standardization complexity to support Type 2B in addition to Type 1 should be minimal. 
Proposal 2: Agree to support Type 2B in addition to Type 1 in Rel-12.
Type 2B may need the UE to send a resource request to notify the eNB, if eNB is not otherwise aware of the UEs that are performing discovery.
Figure 2 below shows the signalling for the two resource allocation methods – Type 1 and Type 2B.
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Figure 2 Signalling for Type 1 and Type 2B resource allocation methods

Proposal 3: Agree to capture the Observations 1&2 and signalling in Figure 2 for Type 1 and Type 2B resource allocation methods in the TR.
2.2 Support for inter-cell deployments
Support for inter-cell deployments has been mandated for ProSe discovery [3], and thus, each UE needs to be aware of resources used by neighbouring cells. 
The resources used by discovery across different cells may be coordinated or uncoordinated.  In some network deployments, the D2D discovery resources (e.g. periodicity, duration and timing) may be completely coordinated, which implies that for discovering UEs the neighbour cell configuration may not need to be explicitly signalled. However this assumes tight coordination and synchronization in the network, which may not always be feasible. 
If the discovery resources are uncoordinated across cells several issues are observed:

· The UE has to be aware of the discovery resources used in all neighboring cells (to ensure it can receive discovery signals from transmitting UEs camped on the neighboring cells). This would increase the size of the SIB as it has to provide the Type 1 resources used across a number of neighboring cells

· Waste/inefficient use of resources: If the discovery resources from another cell are not aligned with the serving cell (e.g. different periods and duration), the serving cell may need to be conservative and avoid scheduling the UEs during the discovery opportunities of the neighboring cells in order to avoid performance degradation due to unused resources.  

· Increased complexity in the UE: Totally unsynchronized networks (not sub-frame aligned) may introduce a lot of complexity in requirements for the UE to determine neighbour discovery windows and (re-)synchronizing between timing from multiple cells. Thus, similar to eICIC, it may desirable to support synchronized sub-frame aligned networks.
Given the additional complexity and issues arising from uncoordinated inter-cell deployments, it may be beneficial to support inter-cell discovery at least for sub-frame aligned networks.  Furthermore, it would be desirable to align or limit the set of different discovery resources across the cells.  For totally unsynchronized networks additional UE requirements may need to be specified to support inter-cell discovery.
Proposal 4: Agree that as a baseline assumption inter-cell ProSe discovery is supported in synchronized sub-frame aligned networks.

Proposal 5: Agree that for signalling and scheduling efficiency it is desirable to align the discovery resources across neighboring cells.   
In synchronized networks that are not necessarily coordinated, neighbour configuration may include frame/sub-frame offset. 

2.3 Support for resource management
In a dynamic network environment, it is important for efficient radio resource management to ensure that network is able to monitor the discovery resource utilization and dynamically determine the amount of resources allocated for discovery. 
The challenge here is that the eNB may not be aware of the discovery resource utilization; in particular for  for the common resources pool (e.g. Type 1 – non UE specific resources) since:
· Type 1 UEs may autonomously perform resource selection;
· The eNB is not necessarily aware of the number of active UEs transmitting discovery signal due to UEs in IDLE mode, and autonomous start/stop of discovery session by UE’s application layer.
Hence, there is a potential risk that the discovery performance is significantly affected if the network does not have the proper mechanism to determine the number of active discovery sessions in progress.  Thus, the network may benefit from resource utilization/congestion statistics to adapt the amount of discovery resources accordingly.
Observation 4: 
It would be beneficial for the network to be aware of the density of ProSe TX UEs and active discovery sessions for a specific geographical location (e.g. Cell-level, ProSe Area level, etc.) to be able to manage discovery resources.  
Since the eNB may not be able to measure the actual perceived interference and resource usage as it depends on the UE locations and the range of the discovery signal, the UEs would have to report those statistics to the network.

Proposal 6:Discuss the need to support a mechanism for discovery resource utilization/congestion reporting for discovery resources management.
3 Conclusion
This contribution compares the resource allocation options for discovery, and analyzes the way-forward for design for discovery.

RAN2 is requested to discuss the following observations and agree to the following proposals.
Observation 1: Type 2 resource allocation allows additional network flexibility. 
Observation 2: A common design to support both Type 1 and Type 2 resource allocation framework is feasible in Rel-12.

Observation 3: From signalling perspective, the additional standardization complexity to support Type 2B in addition to Type 1 may be minimal. 

Observation 4: 
It would be beneficial for the network to be aware of the density of ProSe TX UEs and active discovery sessions for a specific geographical location (e.g. Cell-level, ProSe Area level, etc.) to be able to manage discovery resources.  
Proposal 1: Agree that Type 1, non-UE specific semi-static, resource allocation is considered a baseline for ProSe Discovery Resource Allocation for Rel-12.
Proposal 2: Agree to support Type 2B in addition to Type 1 in Rel-12.
Proposal 3: Agree to capture the Observations 1&2 and signalling in Figure 2 for Type 1 and Type 2B resource allocation methods in the TR.
Proposal 4: Agree that as a baseline assumption inter-cell ProSe discovery is supported in synchronized sub-frame aligned networks.

Proposal 5: Agree that for signalling and scheduling efficiency it is desirable to align the discovery resources across neighboring cells.   

Proposal 6: Discuss the need to support a mechanism for discovery resource utilization/congestion reporting for discovery resources management.
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