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1
Introduction
It was agreed in RAN#58 plenary meeting to start a study on LTE device to device (D2D) proximity services [1]. The two parts of the study are D2D discovery and communication. This document is only about discovery while communication aspects are discussed in [2]. We see these two aspects rather independent. Proximity discovery could sometimes be handled completely by the network without special UE involvement (like when network knows UEs are in the same very small cell)  but we are here discussing only the physical layer aspects of over-the-air discovery that is based on UEs detecting discovery signals transmitted by other UEs.  
2
Role of network coverage in discovery 
In RAN1 #72b meeting, the proximity service scenarios were discussed on the basis of division to general and public safety specific scenarios [3]. Concerning the enhancements necessary for D2D discovery, the main difference is that the discovery in public safety system should be possible also without network coverage. As discussed in [4], out-of -coverage may appear with different levels, ranging from complete absence of any DL reception to the situation where DL can be received but UL connection is not available. In the following, we are using the term DL coverage in contexts where only the ability to synchronize to DL is essential. Because in-coverage is the normal situation for public safety system, too, the aim should be to optimize the D2D discovery assuming with network coverage, and build on that system the additional features necessary for discovery without coverage. This would simplify implementation and specification, which might even justify the discovery system being in some respect suboptimal without network coverage. The simplifications in the scenario with network coverage can be related to, for instance, the time and frequency synchronization of the discovery signals, resource sharing, and procedures needed for UE identification. As an example, when either discovering or discovered UE is out of DL coverage, the frequency offset between the UEs may be very large. Rather than designing discovery signals for efficient detection in presence of such offsets, it could be better to optimize the signals for the offsets appearing after DL synchronization, accepting the larger search effort in the form of frequency scans in the rare case that no DL signal is available. 
Proposal 1: The D2D discovery is optimized for the case that the UEs are under network coverage.   
3
Discovery types
The need of discovery could be connected to a certain user’s application or service or discovery could be purely network initiated, an example being offloading. The physical layer design should look the same for all different discovery purposes in order to simplify the system and make it equally available for all application and service platforms. 
Proposal 2: The physical layer supports different discovery purposes with the same generic design.
4
Physical layer design for D2D discovery 
4.1
Impacts of requirements

Potential requirements for operator network controlled discovery have been identified in [5]. To fulfil the requirements for the purpose of D2D discovery over the air, two functions are essential:

1) Proximity detection: UE can be aware of the existence of other nearby UE supporting D2D. 

2) Identity detection: UE can detect the identity of nearby UE supporting D2D.
To realize proximity detection, a UE will transmit some signals over the air which can be detected by other UEs. To realize identity detection, a UE can either detect identity related information conveyed on the signals transmitted by other UEs or get such information from network side. From this point of view, D2D discovery may not be a purely physical layer process, but a higher layer may also be involved depending on how the discovery signals are designed, as will be discussed with more details in Section 4.2. 

4.2
Structure of D2D discovery signal
To realize the proximity detection and identity detection functions of D2D discovery, we see two potential structures of discovery signals:

Structure-1: discovery sequence only 

Structure-2: discovery sequence and message

Discovery sequence only

If the discovery signal consists of a bare discovery sequence, nearby UEs, detecting such a sequence, may report the detection result to the network side. Such a discovery sequence can be any sequence with good cross and auto correlation properties. 

It should be noted that the sequence itself can convey certain information, such as scrambling seed for PN sequence. UE can blindly detect which sequence is transmitted and thus the conveyed information is obtained from sequence detection. But the larger the number of sequences is the less reliable and resource consuming the detection will be. Thus only limited information can be carried by the sequence. 
With the sequence-only structure, proximity of nearby UEs can be detected through discovery sequence while the identity detection has to be realized with higher layer signalling. Namely, UE may report to NW the detected sequence and NW may inform UE the corresponding identity of the detected UE corresponding to the reported sequence.  In case such higher layer signalling is required, it needs to be discussed in other WGs e.g. RAN2 or RAN3.

The advantages of this structure are that designing of discovery signal is simple and the power consumption due to both transmitting and detecting of a sequence is probably low. However, the higher layer signalling between D2D UE and eNB generates additional signalling overhead and power consumption because the network has to be involved in the process of identifying D2D UE.  If either discovered or discovering UE or both are without network coverage, direct signalling between UEs is needed. Such signalling would include at least acknowledging the detection of a sequence, and could be followed by establishing a relay link or identity exchange which induces security and authentication issues.  

Discovery sequence and message

In this case, the discovery signal consists of two parts. The 1st part is a discovery sequence and the 2nd part is the message containing for example UE identity and possibly some other information, like information related to the D2D service that the device is providing or UE mobility information. After UE has detected the sequence part of the signal, it can decode the message part to obtain the additional D2D related information. 

With this two-part structure, both proximity detection and identity detection can be based on discovery signal. The message part in structure-2 adds complexity and power consumption compared with structure-1. However, with structure-2 the total power consumption could be lower than with structure-1 because less or no signalling between the discovering UE and network is needed. The power consumed for detection of discovery signals would be about the same as with the sequence only scheme because most of the power would be consumed for searching the sequence parts.  
In addition, because UE identity and service related information is self-contained in the message part, structure-2 could simplify signalling in the scenario that there is no network coverage because inquiring of the identity and service related information could be avoided. However, the security and authentication issues need to be addressed in the case of no network coverage.
Different structures may suit for different use case and discovery types. For example, within network coverage, sequence only structure is transmitted while outside of coverage the message part is added after the sequence. The other example is that for open discovery type, sequence and message structure can be good while for closed discovery, sequence only structure may be sufficient. It is also worth to further study whether one structure can be used for all use cases and discovery types.
Proposal 3: The sequence only and sequence + message structures are studied further for supporting different use cases and discovery types: with and without network coverage; open and restricted discovery.
4.3
Duplexing of discovery signal transmissions and receptions

It is natural to assume half duplex operation where a discovery signal transmitting UE cannot receive discovery signals. This leads to the need of arranging transmission and reception turns in such a way that UEs have the possibility to detect other UE’s signal in a reasonable time. Besides random or pseudorandom TX/RX turn selection, the turns can be allocated for a group of UEs in a way minimizing the number of transmission opportunities needed for providing each UE with the possibility to detect all other proximal UEs of the group. On a general level, this would mean that at each transmission opportunity half of the UEs in the group are transmitting while the other half is receiving, and the compositions of the transmitting and receiving groups are changing in a controlled manner. Compared with a system where UEs would choose their reception and transmission turns randomly, an allocation based scheme would save half of the CDM/FDM/TDM multiplexed resources, as resources would not be reserved for a UE that is receiving.
4.4
Possibility of re-using existing LTE signal as D2D discovery signal

Discovery signal design should be started with investigating the possibility of re-using current LTE signals. Re-using could be valuable for minimizing the specification and implementation efforts. Furthermore, it would eliminate the potential risk of new type of interference to the cellular system that would appear if totally new discovery signals were introduced for sharing the band with cellular system. 
Differences compared with cellular system
Compared with reception of cellular signals, there are differences that could impact the design of the discovery signals by re-use. The list of such issues includes at least frequency offsets, power control, timing uncertainty, and limitations due to the need of saving UE battery.

Frequency offsets are larger than with cellular signals even in the case that both UEs are under network coverage. In the worst case, several errors are accumulating: (1) UEs may be synchronizing to different eNBs that have slightly different frequencies (the accuracy requirement is ±0.05ppm for Wide Area eNB, ±0.1ppm for Medium Range eNB, and ±0.25ppm for Home eNB), (2) A stationary UE is allowed to make ±0.1ppm synchronization error relative to the eNB’s frequency, and (3) The two UEs may have opposite Doppler shifts (120km/h would mean worst case 2*v/c = ±0.22ppm per UE). Altogether, the frequency offset could then be up to 0.74ppm (assuming UEs are synchronizing to Wide Area eNBs), corresponding to 500Hz at 700Mz carrier and 1.5kHz at 2GHz carrier. These are not negligible values but should be taken into account when designing the discovery signals and especially their code division multiplexing. If UE’s are without DL coverage, the situation is completely different and cannot even be analysed now because there is no frequency accuracy requirement for unsynchronized UEs. Adding such a requirement for public safety certified UEs seems unavoidable and may be a joint work with RAN4.
Observation 1: Fairly large frequency offsets are possible between UEs. 
All cellular signals are power controlled since at least open loop power control is available. The situation is different with D2D discovery signals because of the unknown path losses between UEs. This could mean serious near-far-problem with CDM which can be tried to be mitigated by FDM and/or TDM i.e. randomizing the selection of UEs transmitting discovery signals in the same frequency and time resource.

Observation 2: Lacking closed and open loop power control could impact design of discovery signal multiplexing. 
On a microsecond level, timing synchronization of discovery signals is related to guard time and cyclic prefix lengths that are relevant for discovery signal multiplexing. In case that UEs are in the coverage of synchronized network, the cellular transmissions can provide sufficient timing reference for utilizing the present CP lengths of PDCCH/PUCCH/PDSCH/PUSCH also with discovery signals, as the long CP can cover UE-UE propagation delays up to a few kilometres. 
On the time scale of tens of milliseconds or even seconds, the question is how to arrange the discovery signal resources in order to provide energy efficient discovery. It is obvious that a UE cannot transmit discovery signals frequently over long times, which means that the situation is quite different compared with cell search for which the discovery signals (i.e. PSS/SSS) are transmitted frequently and continuously. It could then be desirable to concentrate the discovery signal resources to short time windows allowing DTX/DRX type operation i.e. sleeping between discovery signal transmissions and receptions. 
 Observation 3: When UEs are in the coverage of a synchronized network, discovery signal timing, derived from cellular signal timings, allows reusing present CP lengths for signal multiplexing purposes. 
Discovery sequence

As discussed on Section 4.1, the primary function of discovery sequence is the proximity detection. However, when UEs are without DL coverage in public safety use case, discovery sequence also needs to provide synchronization for D2D UEs. For synchronization purpose, RACH preamble and PSS/SSS are potential candidates, although how to enable frequency synchronization from discovery sequence needs further study.
For the use case within network coverage, at least initial time/frequency synchronization can be obtained from network for D2D operation, and synchronization may not be a mandatory requirement for discovery sequence. If SC-FDMA is used for D2D, SRS/UL DMRS can be potential candidates; if OFDMA is used for D2D, CRS/DL DMRS/Positioning-RS/SS can be potential candidates.  If D2D discovery is across the cell boundary, it needs further study whether cellular synchronization may still be sufficient for D2D discovery.

Discovery message
Which LTE channels could be re-used for discovery message in a large degree depends on how much information needs to be carried on discovery message. If not much information is contained in the message, PDCCH/EPDCCH/PUCCH like structures could be considered for multiplexing messages of different UEs. Otherwise, PDSCH/PUSCH like structures can be referred. 
Observation 4: Re-using a current LTE signal is a potential alternative as the baseline design for D2D discovery signal. 
5
Conclusion
We have discussed proximity discovery that is based on D2D over-the-air signals and reached the following proposals and observations: 

Proposal 1: The D2D discovery is optimized for the case that the UEs are under network coverage.   

Proposal 2: The physical layer supports different discovery purposes with the same generic design.
Proposal 3: The sequence only and sequence + message structures are studied further for supporting different use cases and discovery types: with and without network coverage; open and restricted discovery.
Observation 1: Fairly large frequency offsets are possible between UEs. 
Observation 2: Lacking closed and open loop power control could impact design of discovery signal multiplexing. 
Observation 3: When UEs are in the coverage of a synchronized network, discovery signal timing, derived from cellular signal timings, allows reusing present CP lengths. 
Observation 4: Re-using a current LTE signal is a potential alternative as the baseline design for D2D discovery signal. 
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