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1 Introduction
At the previous meetings, several agreements on the Type 1 and Type 2 resource pool configurations where made.  While a Type 1 discovery UE selects a transmission resource randomly from a pool, Type 2 discovery UEs are configured to use a specific resource via RRC configuration.  Discovery monitoring UEs on the other hand are configured to receive from both Type 1 and Type 2 resource pools.
	For UEs in IDLE…

1a
The eNB may provide a Type 1 transmission resource pool in SIB. UEs that are authorized for D2D Discovery use these resources in IDLE. 

1b
The eNB may indicate in SIB that it supports D2D but does not provide transmission resources. UEs need to enter RRC Connected in order to request D2D transmission resources.



Since Type 2 resources are provisioned by the network using dedicated signaling, the network can effectively monitor and manage these resources. However, Type 1 resource usage cannot be dynamically monitored and controlled by the network, which leads to possible interference and resource usage issues (see e.g. [1]-[3]).  This contribution proposes practical and simple solutions for the network to estimate and control the load on discovery resources.
2 Discussion

In Type 1 discovery, UEs determine which set of resources to use based on a per-cell configuration signalled on the SIBs.  Idle mode UEs may thus transmit a discovery signal without having to connect (after initial configuration) to request resources.  This approach can be very efficient in terms of signalling overhead but it suffers from a number of drawbacks, in particular with respect to the ability for the network to manage the discovery resources efficiently. 
Furthermore, discovery applications are configured and managed by higher layer signalling over PC3 interface, thus, the eNB is completely unaware of when a UE may start or stop performing D2D discovery. Thus the eNB cannot determine which resources and sub-frames are being used by UE for discovery.
It is possible that the Type 1 discovery resources are under-provisioned (over-loaded) or over-provisioned (under loaded) without the network being aware of it.  Overload may be caused for example by:

· Greedy discovery UE: a single UE using a lot of the discovery resources in a given discovery occasion (e.g. perhaps because it has many discovery services configured, or other). 
· Unpredictable Application-layer load variations: A D2D application may request discovery transmissions at different times during the duration of the service.  For example, a device may advertise only during portions of the day, which may create overload situations in some areas (e.g. food court at around lunch time).
· Mobility/location: Discovery transmitting devices may be located at different places in the cell (thereby causing interference to different set of UEs) or even move to a different location from the original location when the service was initially configured.  Since a UE in Idle mode is only known at the tracking area level, the network may be unaware of the load situation in a specific sector/cell.
· Inter-cell Congestion: Discovery transmitting devices at the edge of the cell may experience localized congestion due to interference from transmissions from the neighbouring cells. 

In order to guarantee a certain quality of service for D2D discovery, or be aware that certain UEs are performing discovery procedures, while at the same time making sure that radio resources are utilized efficiently, the network should be provided with the additional feedback from the UE so it can make intelligent decisions on Type 1 resource allocation.
Proposal 1: Agree on the need to introduce UE reporting to enable eNB to perform RRM for Type 1 discovery.
A simple way to achieve this could be, similar to Type 2 procedures, the UE could send a D2DDiscoveryInterest indication to the eNB when it starts or plans to start performing transmissions on Type 1 resources. This message could indicate to the eNB that the UE is planning to use Type 1 resources, and other information, as necessary, to allow the eNB to estimate the UE’s utilization.
2.1 Load estimation

In a dynamic network environment, it is important for efficient radio resource management to ensure that the network is able to monitor the discovery resources utilization (i.e. load).  The load is determined by the total number of discovery transmitting UEs in a specific area (discovery UE density) and the discovery rate of each UE.

While an eNB may estimate the D2D transmission load by measuring on the UL, in practice it may not be able to reliably detect congestion situations locally experienced by UEs, or prevent situations when some UE are disadvantaged by having greedy UEs in the vicinity. Thus it may be more useful to enable the UEs to monitor the resource utilization and report it to the network.

There are two main approaches the UE could use to measure the discovery load: based on energy measurements, and based on the number of successful discovery signals received.  
Energy measurement is simple but may be more difficult to implement in the standard because it would require defining a new measurements (with the complexity associated to RAN4 requirements and testing).  
Number of successfully decoded discovery transmissions is advantageous because it is easy to implement since decoding discovery signal is already an operation that a UE would have to perform.

Proposal 2:
Consider using the number of successfully decoded discovery messages as a load indication measure.
We note here that the reported count should include not only the discovery message of interest to the UE but all of the discovery messages received (i.e. before any kind of message filtering is applied at the application layer) – therefore the count could be carried out in the access stratum.  Since discovery is typically not a time-critical service, the measurements in practice could be reported periodically or only when overload situations are detected (e.g. based on a configured threshold of number of successfully decoded discovery signals).
2.2 Load control mechanisms
Controlling the D2D discovery load can be achieved using a combination of limiting the discovery rate for each UE and applying dynamic load control mechanisms such as adjusting the resource pool and/the number of D2D UEs via admission control.

Discovery Transmission Rate
The network should be able to reliably estimate the amount of resources required for D2D for all active UEs in the cell or in a given tracking area, so it can predict the amount of D2D resources that may be needed in the cell. To mitigate potential issues with greedy UEs or application-layer variability in discovery transmission rate, a maximum discovery transmission rate could be configured in the UE by the ProSE layer or the RAN.  Whether this rate is UE specific or application specific is not relevant as long as it is maintained in the UE and known to the network.
Discovery rate may thus be configured on a per-service basis (e.g. assuming a UE can transmit multiple discovery services) or on a per-UE basis.  There seems to be no practical reason why the rate restriction would need to be applied on a per-service basis as it seems reasonable to imagine a UE having multiple discovery services simultaneously and the RAN may not be aware of all the D2D services configured in the UE.  At this point however, it is not clear whether the application layer or the access stratum should be enforcing the discovery transmission rate; however given its importance to radio resource management, it appears reasonable that a UE be configured with a maximum discovery transmission rate by the RAN (e.g. via RRC configuration).
Proposal 3:
Discuss the need for configuring a per UE maximum discovery transmission rate parameter to allow the network to estimate the Type 1 resource requirements.
Dynamic Control Mechanisms
If the network determines that the amount of discovery resources in not sufficient, it can change the allocation by changing the configuration on the SIBs (e.g. for Type 1).  This is typically a slow mechanism but for the purpose of discovery it should be sufficient, at least for R12.
2.3 Monitoring activity

For discovery, RAN1 has made an assumption in the last meeting that discovery should be supported for UEs with a single receiver [4]. 

	For discovery, RAN1 assumes that UE may not be able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D


This implies that at least for single receiver UEs, the eNB cannot schedule downlink to the UE during the discovery window, if the UE needs to listen for D2D siganls during the discovery subframes. 

Since the eNB is not aware of the discovery applications running at the UE, it may not be able to determine whether the UE and when the UE is performing monitoring for D2D. There may be long periods of time when a UE may not have any active D2D discovery applications, but the eNB is not aware of this, and cannot schedule normal downlink during these subframes.

Thus, similar to reporting D2D transmission activity, we should also discuss whether the UE needs to report its D2D monitoring activity to the eNB.

Observation: For single receiver UE, the eNB needs to assume all the D2D subframes are unavailable for downlink cellular scheduling, even when the UE may not be listening in these subframes.
However, in Rel-12, it has been a working assumption in the RAN1 and RAN4 discovery that only a small fraction of the overall resources are reserved for discovery, for example, in the order of 64 subframes every 10.24s. Thus, we can consider these sub-frames are fully reserved for discovery, i.e. the eNB will not be able to schedule any downlink data during these subframes. If this is assumption is acceptable, it may not be necessary to report the UE’s D2D monitoring activity to the eNB. 

Proposal 4: Discuss the need to report the UEs monitoring activity for D2D discovery to the eNB.
3 Conclusion
This contribution describes issues and potential solution avenues for discovery load control.  We propose the following:
Proposal 1: Agree on the need to introduce UE reporting to enable eNB to perform RRM for Type 1 discovery.
Proposal 2:
Consider using the number of successfully decoded discovery messages as a load indication measure.
Proposal 3:
Discuss the need for configuring a per UE maximum discovery transmission rate parameter to allow the network to estimate the Type 1 resource requirements.
Proposal 4: Discuss the need to report the UEs monitoring activity for D2D discovery to the eNB.
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