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1
Introduction
It is agreed in 3GPP RAN2 #83 that discovery is considered for in-coverage commercial use. The following agreements were made for discovery in 3GPP RAN2 #83[1]:

	Agreements
1
According to the RAN plenary prioritization, we will focus on a D2D Discovery mechanism for in-coverage. 

2
RAN2 should focus on the study of direct discovery (no need to look into EPC based discovery in RAN2).

3
Open and restricted Prose Discovery should have similar RAN2 mechanism to avoid complexity. Need for additional security/authentication/authorization mechanisms in AS level for restricted discovery may be discussed. 


RAN1 has achieved following agreements in 3GPP RAN1#74 for Type 1 D2D discovery [2]; which is relevant for RAN2:

	Agreement:

· Periodic uplink resources are allocated for discovery in a semi-static manner

· For in network allocation can be performed using RRC signaling

· Discovery resources within one period of the allocation are divided into time-frequency resources

· Division can be at least FDM and/or TDM


In this document different types of discovery mechanisms are compared for resource and power consumption.  
2
Discussion
D2D discovery is the process of identifying UEs in proximity running applications and services of interest to the discoverer. Several operators have shown interest in the commercial value of D2D discovery [3] [4]. D2D discovery opens up the door to new types of services and new revenue streams for operators. The discovery mechanism should be such that it allows efficient discovery in very dense UE populations. The discovery mechanism should be efficient in terms of radio resource utilisation from the NW point of view and it should be power efficient from the UE point of view. There are three types of discovery mechanism discussed in RAN1 [5].
	· 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




To evaluate performance of these three mechanisms, we implemented them in a system simulator. Performance is compared based on radio resource consumption and power consumption. Results are shown below. Simulation assumptions are provided in Annex C.
Figures 1 and Figure 2 show radio resource consumption and power consumption comparison respectively between Type 1 and Type 2A, at 3 km/h.
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Figure 1: Radio resource consumption comparison for Type 1 and Type 2A, 3 km/h
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Figure 2: UE power consumption comparison for Type 1 and Type 2A, 3 km/h
It is quite clear that Type 2A consumes a lot of radio resources and battery power. This is expected, since in order to perform discovery announcements; it uses radio resources every time for allocation of transmission resources.
Observation 1: Type 2A discovery can cause very large signalling overhead compared to actual discovery resources.
Figures 3 and Figure 4 show radio resource consumption and power consumption comparison respectively between Type 1 and Type 2B, at 3km/h.
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Figure 3: Radio resource consumption comparison for Type 1 and Type 2B, 3km/h
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Figure 4: UE power consumption comparison for Type 1 and Type 2B, 3km/h
It is evident from the results (i.e. Figure 1,2,3,4) that Type 1 discovery mechanism is very efficient compared to Type 2A and 2B in terms of resource consumption and power consumption even at the low speed of 3km/h. Performance of Type 2A and 2B degrades even further at higher speeds because of higher signalling overhead in handover. Also Type 2A and 2B cause signalling overhead in core network at higher speed. Additional results at higher speed of 10km/h are provided at Annex B. 

Type 1 performs much better compared to other mechanism in high UE population scenarios. Type 1 performance is not dependent on speed.
Observation 2: Type 1 discovery is much more efficient compared to Type 2A and Type 2B discovery from the resource consumption and power consumption point of view.

An important aspect of Type 1 discovery is that it can be used in IDLE state as well. This allows a very large population of UEs to participate in discovery without the need for coming to connected state, essentially saving signalling overhead. 
From operator’s perspective, it is important to understand how accounting can be handled for discovery in IDLE mode. SA2 has identified a need for accounting mechanism for discovery in IDLE mode [6]:
	6.1.1.2.4.1           Accounting

Reporting of data by the UE that can be used by a server in the network that is defined for this purpose can be triggered at any time. The UE can be configured to periodically report data to this server for accounting purposes via a secure interface if needed. 


This mechanism allows an IDLE mode UE to log the discovery related usage and report it to NW at a later time, as per operator policy for accounting purposes. UEs need to come to connected state to report the usage data. The NW can configure the policy related to when this reporting can take place during discovery authorisation. UE logs and stores the discovery accounting related data in a secure storage in the accounting mechanism mentioned above. As many modems have implemented a secure execution environment for various purposes, this feature can be used for accounting purpose as well. SA3 has concluded that UE can be trusted for this purpose [8] [9]. As accounting for IDLE UEs can be performed hence it is better to allow IDLE mode UEs to participate in D2D discovery.
Observation 3: SA2 has identified that a new mechanism of accounting will be required for D2D, where UE logs the D2D usage and reports to NW as per the report policy. 
Synchronisation aspect for D2D discovery is analysed in [12] and concluded that the downlink timing can be used for discovery transmission without the need for Timing advance.

Observation 4: For D2D transmission Timing advance is not required.

Proposal 1: IDLE mode UEs should be allowed to participate in D2D discovery message transmission and reception.
As Agreed in 3GPP RAN1 #73 periodic uplink resources are allocated in a semi-static manner. This can be done by defining a new SIB message for broadcast of D2D discovery resources information. 

Proposal 2: SIB message is used to allocate D2D discovery radio resources.
Proposal 3: Include text proposal as given in the annex A to the TR 36.843.
4
Conclusion 

In this contribution D2D discovery mechanisms are evaluated based on simulation. We propose:

Proposal 1: IDLE mode UEs should be allowed to participate in D2D discovery message transmission and reception.
Proposal 2: SIB message is used to allocate D2D discovery radio resources.
Proposal 3: Include text proposal as given in the annex A to the TR 36.843.
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Annex A
*********************************Text Proposal start**********************************
The discovery mechanism should be such that it should allow efficient discovery in very dense UE population. The discovery mechanism should be efficient in terms of radio resource utilisation from NW point of view and it should be power efficient from UE point of view. To evaluate performance of three mechanisms (i.e. Type 1, 2A, 2B) we implemented them in system simulator for layout option 3 as per the simulation agreement for D2D discovery. Performance is compared based on radio resource consumption and power consumption. Results are shown below. 

Figures 1 and Figure 2 show radio resource consumption and power consumption comparison respectively between Type 1 and Type 2A, at 3 km/h.
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Figure 1: Radio resource consumption comparison for Type 1 and Type 2A, 3 km/h
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Figure 2: UE power consumption comparison for Type 1 and Type 2A, 3 km/h

Figures 3 and Figure 4 show radio resource consumption and power consumption comparison respectively between Type 1 and Type 2B, at 3km/h.
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Figure 3: Radio resource consumption comparison for Type 1 and Type 2B, 3km/h
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Figure 4: UE power consumption comparison for Type 1 and Type 2B, 3km/h

It is evident from the results (i.e. Figure 1,2,3,4) that Type 1 discovery mechanism is very efficient compared to Type 2A and 2B in terms of resource consumption and power consumption even at the low speed of 3km/h. Performance of Type 2A and 2B degrades even further at higher speeds because of higher signalling overhead in handover. Also Type 2A and 2B cause signalling overhead in core network at higher speed. Type 1 performs much better compared to other mechanism in high UE population scenarios. Type 1 performance is not dependent on speed.

An important aspect of Type 1 discovery is that it can be used in IDLE state as well. This allows a very large population of UEs to participate in discovery without the need for coming to connected state, essentially saving signalling overhead. 

From operator’s perspective, it is important to understand how accounting can be handled for discovery in IDLE mode. SA2 has identified a need for accounting mechanism for discovery in IDLE mode [6]:

	6.1.1.2.4.1           Accounting

Reporting of data by the UE that can be used by a server in the network that is defined for this purpose can be triggered at any time. The UE can be configured to periodically report data to this server for accounting purposes via a secure interface if needed. 


This mechanism allows an IDLE mode UE to log the discovery related usage and report it to NW at a later time, as per operator policy for accounting purposes. UEs need to come to connected state to report the usage data. The NW can configure the policy related to when this reporting can take place during discovery authorisation. UE logs and stores the discovery accounting related data in a secure storage in the accounting mechanism mentioned above. As many modems have implemented a secure execution environment for various purposes, this feature can be used for accounting purpose as well. SA3 has concluded that UE can be trusted for this purpose [8] [9]. 

Periodic uplink resources are allocated in a semi-static manner for D2D discovery. This can be done by defining a new SIB message for broadcast of D2D discovery resources information. 
*********************************Text Proposal End**********************************
Annex B
Figure 5 and Figure 6 show radio resource consumption and power consumption comparison respectively between Type 1 and Type 2A, at 10km/h.
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Figure 5: Radio resource consumption comparison for Type 1 and Type 2A, 10km/h
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Figure 6: UE power consumption comparison for Type 1 and Type 2A, 10km/h
Figure 7 and Figure 8 show radio resource consumption and power consumption comparison respectively between Type 1 and Type 2A, at 10km/h.
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Figure 7: Radio resource consumption comparison for Type 1 and Type 2B, 10km/h
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Figure 8: UE power consumption comparison for Type 1 and Type 2B, 10km/h
Annex C
4.2.1 System Simulation Setup

We simulated a 19 macro (57 cells) layout with 150 UEs per cell. Layout Option 3 is used, the simulation parameters such as wrap around, pathloss model, fading, in-band emissions were set according to the agreements achieved at RAN1 #72bis and RAN1#73 and as described in [10][11]. 
In Type 1 discovery; as proposed in our design, sub-frames are periodically reserved for discovery [7]. Each discovery period is 10 seconds long. Within a discovery sub-frame, 44 middle RB pairs were used for discovery while the remaining RB pairs at the edge were used for PUCCH. UEs select a discovery resource from those discovery sub-frames and perform hopping each discovery period. Allocated discovery resources scale up based on number of UEs and reach a maximum of 29 subframes.
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