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1 Introduction

At the last meeting (RAN1#72b), progress was made in the D2D SI. In particular, most of the evaluation methodology was agreed.
In order to obtain meaningful comparisons of performance results, it is necessary to select which options to evaluate. In this contribution, we list several discovery solutions and the key considerations that influence the implementation of proximity discovery at the physical layer. We elaborate specific choices for discovery signal design in [1].  In a companion contribution we also list options for proximity communication [2]. The options discussed in this contribution cover the ProSe discovery use cases listed in the SID, including consumer LTE, in-coverage public safety, and out-of-coverage public safety. More specifically we address the following objective defined in SI [3]:

Identify physical layer options and enhancements to incorporate in LTE the ability for devices within network coverage to discover each other in proximity directly in a power-efficient manner 
2 Options for ProSe discovery
In this section we explore and compare several options for ProSe discovery. Each of these options has pros and cons. No single option is optimal for all ProSe discovery use cases or scenarios.
2.1 Direct discovery
Direct device discovery involves the transmission of a discovery signal by one or more UEs, and the reception of these discovery signals by other UEs not transmitting at this same time instant (in the same subframe). The subframes where discovery signals are transmitted, are designated discovery subframes. By appropriately randomizing the subset of devices that transmit discovery signals in a particular discovery subframe, each UE will have an opportunity to discover and be discovered by other proximate UEs. Figure 1 illustrates a discovery subframe, where 4 UEs are transmitting their discovery signals. As an example, the highlighted UE is receiving these 4 discovery signals, and detecting the proximity of the 4 transmitting UEs. The other non-transmitting UEs would similarly discover these 4 UEs in this same discovery subframe.
Direct discovery involves several aspects:
· Allocation of air-interface resources for discovery 

· Selection of a subset of devices to transmit discovery signals 

· Transmission of discovery signals in the allotted resources
· Reception of the discovery signals by non-transmitting devices, and differentiation of discovery signals transmitted by different transmitting devices

· Identification of specific transmitting devices that may be of interest to a specific receiving device
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Figure 1. Direct device discovery (4 UEs are transmitting discovery signals)
Direct discovery may be the most appropriate discovery solution in several scenarios:
· When there are a potentially large number of UEs that can be discovered, or when the user has no information about the potential proximity of a discovery target.
· Can be used for UEs in both idle and connected states.

· As a first discovery step that may be further confirmed (e.g. through eNB-directed discovery).

· For out-of-coverage discovery of public safety devices,.
2.2 eNB-directed discovery

In eNB-directed discovery the eNB guides the discovery process by allocating a specific resource for the transmitting UE to send its discovery signal, and informing the discovering UEs about when and where to listen for the discovery signal, what to measure, and how to report. eNB-directed discovery can potentially serve as an enabler to establish D2D communication, and also to confirm the results of direct discovery. eNB-directed discovery can work for intra-cell discovery, and also for inter-cell discovery with some limited exchange of information between eNBs on the X2 interface.

The procedure for eNB-directed discovery is quite simple. Let’s assume that UE A wants to discover the proximity of UE B. If UE B is authorized to be discovered, the eNB can instruct UE B to transmit a discovery signal. This discovery signal might be a message or simply a reference signal that UE A can measure to evaluate the proximity of UE B. The eNB indicates to UE A when and where the discovery signal will be located. UE A performs measurements on the discovery signal and reports the measurement results to the eNB. The signaling exchange is shown in Figure 2.
eNB-directed discovery has several advantages:
· Eliminate or reduce interference compared to direct discovery, and hence reduce potential for discovery false alarms.

· Reduce discovery time, since eNB-directed discovery can potentially be done in any subframe. eNB-directed discovery may be applied in cases where discovery latency is critical (e.g. in-coverage public safety).

· eNB-directed discovery is more efficient than direct discovery to find a specific discovery target, or a small number of targets. Examples of this may include local search for a specific user, service, business, etc.
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Figure 2. Signaling exchange for eNB-directed D2D discovery.
· Proposal 1: eNB directed discovery can achieve extremely fast discovery, and should be considered as a first step before establishing D2D communication.
2.3 Discovery via enhanced location information
A third option for proximity discovery is to take advantage of the UE’s location information available to the network. The network already has considerable information about UE location, with the resolution of the serving cell for connected UEs, and tracking area for idle UEs. As a tracking area can be very large, this would not provide useful information to estimate the proximity of idle UEs. However, the network’s knowledge of UE location can be enhanced if the eNB itself decodes or receives the discovery signal transmitted by the UE. The transmission of a discovery signal by the UE may be triggered by mobility events (similar to a tracking area update TAU). This could server to considerably reduce the frequency with which a UE may need to transmit its discovery signal when compared to direct discovery, and hence reduce the resources required for discovery signal transmission.

The network can use this enhanced UE location information to screen for potential proximity candidates (e.g. UEs in the same or adjacent cells), and then use this information to trigger eNB-directed discovery, or less frequent direct discovery transmissions. 
In some scenarios the eNB may simply broadcast a list of UE IDs to all other UEs in the cell. This may be a particularly efficient method if there are a small number of UEs to be discovered, and the set of these UEs served by a particular cell changes infrequently. Examples of this include local advertising, where the advertisers are most likely static, or in the case of public safety personnel responding to an emergency or incident that is local to one or several cells.
2.4   Conclusion for ProSe discovery options
No one approach to ProSe discovery would be optimal for all use cases or deployment scenarios. Furthermore, the techniques discussed above are largely complementary, and can be used together to optimize discovery success rate in the most resource efficient manner. 
· Proposal 2: RAN1 should evaluate the performance of each discovery option, and assess how to combine these options to achieve the most effective solution for discovery.
3 Physical layer considerations for proximity discovery implementation
There are a number of considerations that impact the implementation of the proximity discovery solutions at the physical layer. In this section we list and elaborate the key considerations.

3.1 Transmission band for discovery signal
An appropriate RF band must be selected for the transmission and reception of discovery signals. There are essentially two possibilities: 
Option 1: A dedicated carrier for ProSe discovery
Option 2: Discovery signals share the same carrier with cellular and D2D communications. 

Dedicating a carrier for discovery alone would be wasteful of precious radio resources. Indeed, it is desirable that ProSe discovery be implemented in the most bandwidth efficient manner. Therefore it is preferable that the discovery signals share a carrier with cellular and/or D2D communications. 
Discovery signals must either share the downlink band or the uplink band in an FDD system, or share  downlink subframes or uplink subframes in a TDD system. It would be difficult for the UE to transmit discovery signals on the downlink (for FDD systems) or during downlink subframes (for TDD systems) because the transmissions may negatively impact system performance due to potentially strong interference to downlink channel at proximate UEs. In addition, downlink channels are necessarily strong throughout the coverage area, and may cause severe interference to discovery signals. Hence, this may severely degrade discovery success rate.

On the other hand, it seems more feasible to transmit discovery signals on the uplink band (FDD) or uplink subframes (TDD). There are several potential advantages to this approach:
1. The ability to designate specific uplink time/frequency resources to transmit dedicated discovery signals.
2. Reuse existing UE transmit chain to transmit discovery signal (minimize impact to UE, especially for FDD).
· Proposal 3: Discovery signals should be transmitted on the UL cellular band
3.2 Connection State

As concluded in section 3.1 of [4], proximity discovery should be supported by both idle and connected mode UEs. Idle UEs need to be both discoverable and be capable of discovering other UEs. Otherwise, many ProSe discovery use cases would not be effective for most UEs, and the commercial value of ProSe discovery would be severely limited. Connection establishment and release involves the exchange of several messages. As such, it would not be efficient if a UE needed to establish a connection in order to transmit a discovery signal, particularly for direct discovery where the proximity of another interested UE is far from certain. Thus the requirement for idle UEs to be discoverable implies that a UE in idle state should be capable of transmitting its discovery signal without first transitioning to the connected state.

· Proposal 4: A UE should be capable of transmitting and receiving discovery signals in both RRC_connected and RRC_idle states.
The operation of the UE in idle state has a major impact on battery life, and is primarily determined by the UE’s DRX cycle. It is important that ProSe discovery does not excessively reduce battery life. Therefore, we propose that ProSe discovery should be coordinated with the UE’s DRX cycle, so as to minimize any additional battery drain on the UE. Furthermore, as the power drain of transmission is typically more significant than reception, the frequency of transmitting discovery signals should be minimized. 
· Proposal 5: In order to minimize the impact of ProSe discovery on UE battery life, discovery should be coordinated with the UE’s DRX cycle, and the frequency of transmitting discovery signals should be minimized
3.3 Radio resource allocation for discovery signals
Per proposal 2, discovery signals will be transmitted on the uplink subframes. As discovery signals will be transmitted by both idle and active mode UEs, the density of UEs transmitting discovery signals could be much higher than the density of active UEs alone. There is clearly potential for an increase in uplink interference at the eNB due to the transmission of discovery signals. Furthermore, active UEs normally transmit signals on uplink Uu channels, such as PUSCH and PUCCH. These transmissions have the potential to interfere with the reception of discovery signals. 

We can envision two possibilities for the selection of radio resources for discovery signal transmission:

· Option 1: certain resource blocks on specific subframes are dedicated to the transmission of discovery signals
· Option 2: discovery transmissions dynamically share uplink subframes with other UL signals
Option 1 is preferred, as it has the advantage of minimizing the impact of potential interference between uplink Uu channels and discovery signals. Since UE uplink transmissions on Uu (PUSCH and PUCCH) are scheduled or controlled by the eNB, it follows that the eNB can dedicate certain resource blocks on particular subframes for the transmission of discovery signals, and eliminate or avoid the transmission of other UL signals in these designated resources. 

Allocation of uplink resources for discovery can be broadcast via system information, or may be provided to the UE as part of the DRX configuration. Figure 3 illustrates this concept, where certain subframes are designated discovery subframes, and certain resource blocks within these subframes are dedicated for discovery signal transmission:
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Figure 3. UL frame structure illustrating discovery subframes.
On the other hand, if option 2 is adopted, signaling of discovery resources to the UEs would have to be done dynamically in order to minimize the potential for collisions with resources dynamically allocated to PUSCH transmissions. Furthermore, there is no guarantee that every UE transmitting or receiving discovery signals would receive these dynamic resource allocations correctly, and hence the potential for collision with other UL channels, and performance degradation would be significant.

· Proposal 6: certain UL subframes, and resource block within these subframes, should be designated by the eNB for the transmission of discovery signals by UEs. 
3.4 Discovery Signal Time Alignment
Uplink signals are aligned via the mechanism of timing advance, under the control of the eNB. Closed loop timing advance normally guarantees the uplink signals transmitted by the UE are received by the eNB in their appropriate subframe, and don’t spill over into adjacent subframes. No such closed loop timing advance can be maintained for idle UEs. However, idle UEs have traditionally only transmitted the PRACH channel with zero timing advance (
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)[5]. PRACH preambles are purposely shortened to minimize the possibility for interference into adjacent subframes due to time misalignment. 

PRACH transmissions are infrequent, and are limited to relatively rare events (connection setup, mobility events). Whereas, it expected that the transmission of discovery signal could be very frequent, particularly for direct discovery. Therefore, it is challenging to eliminate uplink interference from discovery signals transmitted by idle UEs. One possibility is to shorten discovery signals, similar to the PRACH preamble. This however, may be inefficient in terms of the utilization of discovery subframes, requiring more subframes to be dedicated to discovery with a subsequent loss of system capacity. Alternatively, open loop timing advance may be enhanced to maximize the utilization of discovery subframes. 
· Proposal 7: D2D discovery design should include provisions to limit collision of discovery signals with cellular transmissions in both time and frequency domain. 
3.5 Proximity Range Estimation
Various applications may make use of proximity discovery, including social networking applications, local search and advertisement, public safety, etc. Logically each application will have a different understanding of what separation indicates the proximity of two UEs, and have different requirements as to the range and resolution of the proximity distance. Ideally, proximity discovery should support the estimation of the distance separating two UEs with very high accuracy, and over as large a range as possible.
Service requirements for proximity discovery defined in TS 22.278 [6] indicate that the discovery process should be able to distinguish different range classes. Furthermore, each application that makes use of the proximity discovery service may request and be authorized to use different range classes. Thus we need an accurate mechanism to estimate the physical distance separating two UEs during the discovery process, so as to support these different range classes.
· Proposal 8: The range and accuracy of distance estimation are critical metrics for evaluating different proximity discovery methods, and must be assessed during the evaluation stage.  
There are several possible approaches to estimate the distance separating two UEs during proximity discovery. Among these possible methods, we identify the following:
· Option 1: estimate distance from path loss between the 2 UEs.
· Option 2: estimate proximity from received discovery signal level.
· Option 3: derive proximity from UE location measurements. 
· Option 4: directly measure propagation delay between 2 UEs .
As is well known median path loss of RF propagation is correlated with the distance from transmitter to receiver, with the path loss increasing roughly exponentially with distance. However, as can be readily observed from the various path loss models considered for the D2D performance evaluation [7], knowledge of the path loss would by itself provide scarcely any useful information about the distance separating the two UEs. In addition to the distance related component, many other factors impact the path loss including: frequency of operation, shadowing, penetration loss from walls and other obstructions, etc. Furthermore, the exponent that determines the dependency of path loss on distance can vary widely, depending on the environment and characteristics of the propagation path. For line-of-sight (LOS) paths, this exponent is typically in the range of 17 – 20 dB per decade increase in distance, whereas for non -line-of-sight (NLOS) paths the exponent can range from 40 to 45 dB per decade. Clearly any estimate of distance derived from the path loss could vary over an order of magnitude or more, and would be completely useless for indicating proximity. Thus option 1 is not viable.

Option 2 is likewise not useful for proximity estimation. Not only does this option suffer from the same inaccuracies as option 1, but would further be impacted by the transmission power of the discovery signal at each device. In addition to inherent accuracy limits of transmit power calibration, the transmit power may vary due to power control or other protocol related issues. Thus the actual transmit power of the discovery signal would need to be known and compensated for, before the distance could be estimated. This would considerably complicate the process in addition to its overall inaccuracy. Therefore, option 2 is no better than option 1.

It is possible to use option 3, and indeed such mechanisms are already in use today by various applications. However, this would require further measurements and processing to support the location assessment, such as GNSS measurement.  The messaging needed to convey these measurements to the network will most likely render this option inapplicable to idle UEs. Furthermore, GNSS measurements may be difficult or impossible to obtain in many indoor locations. Therefore option 3 is less attractive, particularly for direct discovery.
Option 4 is the most attractive of these methods, and can be implemented by measuring the propagation delay of an appropriate reference signal. This approach would be similar to the assessment of timing advance between UE and eNB. The process itself may be implemented as part of the discovery signal reception, or may involve the eNB to provide assistance in this measurement.  We conclude therefore, that options 3 & 4 are suitable candidates for proximity estimation, and warrant further study by RAN1.

· Proposal 9: RAN 1 should evaluate proximity estimation based on UE location and direct propagation delay measurement, and select the best method based on accuracy, range, signaling impact and UE power consumption. 
4 Conclusion

In this contribution we proposed several options for proximity discovery, and analyzed the advantages of each approach. We also discussed the key considerations that will impact the implementation of these proximity discovery solutions at the physical layer. 

We reached a number of conclusions listed below:
· Proposal 1: eNB directed discovery can achieve extremely fast discovery, and should be considered as a first step before establishing D2D communication
· Proposal 2: RAN1 should evaluate the performance of each discovery option, and assess how to combine these options to achieve the most effective solution for discovery.
· Proposal 3: Discovery signals should be transmitted on the UL cellular band
· Proposal 4: A UE should be capable of transmitting and receiving discovery signals in both RRC_connected and RRC_idle states.
· Proposal 5: In order to minimize the impact of ProSe discovery on UE battery life, discovery should be coordinated with the UE’s DRX cycle, and the frequency of transmitting discovery signals should be minimized.
· Proposal 6: certain UL subframes, and resource block within these subframes, should be designated by the eNB for the transmission of discovery signals by UEs. 
· Proposal 7: D2D discovery design should include provisions to limit collision of discovery signals with cellular transmissions in both time and frequency domain. 
· Proposal 8: The range and accuracy of distance estimation are critical metrics for evaluating different proximity discovery methods, and must be assessed during the evaluation stage.  
· Proposal 9: RAN 1 should evaluate proximity estimation based on UE location and direct propagation delay measurement, and select the best method based on accuracy, range, signaling impact and UE power consumption. 
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