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1 Introduction

According to the Agenda for RAN1 #73 meeting [1], the following scope has been defined for discussions and decisions related to D2D discovery:
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. For the purposes of addressing public safety requirements, identify and study the additional enhancements and control mechanisms required to realize discovery outside network coverage.
In this contribution, we share our views on the various design options for the support of D2D discovery in LTE systems for both within network coverage and out of network coverage scenarios.
2 LTE-based D2D Discovery: Use Cases

First, we introduce two different modes of D2D discovery based on specific use cases as recommended in the Proximity Services (ProSe) TR [2]. Following the use cases and scenarios listed in the ProSe TR [2], two types of direct device discovery needs to be supported as discussed below:

· Restricted/Closed Device Discovery. This mechanism of device discovery applies to use cases wherein a discoverable device may be discovered only by a select set of ProSe enabled discovering devices. A further implication of closed device discovery is consideration of scenarios wherein a discovering device tries to discover particular ProSe enabled device(s) (one or many from a set of ProSe enabled devices). Thus, for this use case, a discovering device would be assumed to know the ProSe enabled device it wishes to discover in its proximity.

· Open Device Discovery. Contrary to closed device discovery, open device discovery considers use cases wherein a discoverable device may want itself to be discovered by all ProSe enabled devices in its proximity. From the perspective of the discovering device, open device discovery implies that a discovering device may not be assumed to be aware of the identity of other ProSe enabled devices prior to discovery. Consequently, the device discovery mechanism for open discovery should aim towards discovering as many ProSe enabled devices in its proximity as possible.
3 Design Options for LTE-based D2D Discovery
In this section, we discuss the options for designing D2D discovery solutions. LTE-based D2D discovery solutions may be categorized as:
· EPC-based device discovery. This class of techniques assumes that network keeps track of all UEs in different cells and does not require from UEs direct actions to discover each other. Instead, network fully controls UE operation, discovers its neighborhood and informs about available proximity services. 
Apart from enabling applications and services based on D2D proximity services (ProSe), EPC-based D2D discovery solutions have a more direct impact to overall LTE system operation and efficiency via traffic offloading opportunities. EPC-based D2D discovery solutions may be applied to enable offloading of UL and DL cellular mode traffic between two devices to the direct link between the devices when conditions are favorable. Various localization techniques based on different technical solutions, e.g. assisted GPS, EPC-based location methods (using cell ID, TDOA, RSSI, etc.) can be used to realize such EPC-based device discovery solutions. Note that these solutions are applicable only to scenarios within network coverage.

· Direct device discovery. The direct device discovery techniques typically assume that UEs can listen to and/or transmit signals that can be processed by other UEs located in proximity range. Up to date there are no terminal based discovery mechanisms defined in the LTE specifications. 
In direct device discovery, UE actions are performed under network control and assistance. The network may provide assistance information to help terminals discover each other. Solutions with different degrees of network control and assistance need to be considered based on the use cases, system requirements and the tradeoffs involved. Clearly, only such methods can be applied outside network coverage area (i.e. when there is no support from network side).
Note that, while closed device discovery can be functionally supported via both EPC-based and direct approaches, direct device discovery solutions would be better suited towards the support of open device discovery.
In summary, direct device discovery solutions can be applied to both closed and open discovery use cases and is also suitable for extension towards support of LTE-based D2D discovery outside network coverage. Further, compared to EPC-based device discovery, direct device discovery presents new challenges to enable transmission and reception of direct discovery signals or messages. In the remainder of this contribution we focus the discussion on direct device discovery solutions.
Observation 1
Direct device discovery solutions are applicable for both closed and open discovery use cases and are more suitable for the support of open device discovery.
4 Physical Layer Design Aspects for Direct Device Discovery
As described in Section 2, direct D2D discovery solutions involve some form of direct transmission-reception between ProSe enabled devices with or without network assistance and control. Various details of this mechanism need to be carefully studied by RAN1 WG towards this. Some of the most important aspects are presented herein. 
4.1 Sequence-based vs. packet-based discovery solutions
Direct device discovery solution can include either transmission of certain sequences for device discovery or transmission of encoded packets carrying relevant discovery information or a combination of both. Although detailed studies need to be conducted to ascertain the tradeoffs involved with each of these options, some salient aspects of both sequence-based and packet-based D2D discovery solutions are presented in Table 1. 

Table 1. Comparison of sequence-based and packet-based D2D discovery approaches

	Sequence-based D2D Discovery Solutions
	Packet-based D2D Discovery Solutions

	Pros:
	Pros:

	1. Simpler Tx-Rx design.
	1. Complete information related to device discovery, e.g., device identity, application identity, etc., can be carried as part of the payload.

	2. More amenable to interference management via appropriate choice of sequence design.
	2. Can be extended to work outside network coverage.

	3. Depending on the exact design, the discovery sequences can also be used to aid in time/frequency synchronization between device-pairs.
	3. Most appropriate for direct discovery without or with minimal network assistance.

	Cons:
	Cons:

	1. Full information related to device discovery cannot be determined by the discovering device without additional assistance (e.g., mapping from sequences to device and application identities).
	1. Reception and decoding of discovery packets may be expected to be more complex than sequence detection.

	2. Limited applicability to scenarios wherein the availability of network assistance can be guaranteed.
	2. Discovery performance sensitive to channel estimation performance in case coherent demodulation is applied. 

	
	3. Separate mechanisms/signals for synchronization purposes may be required in some scenarios where time-frequency synchronization between different devices may not be guaranteed.


As should be evident from the comparison in Table 1 above, both approaches have some desirable properties while suffering from certain significant limitations. Consequently, detailed evaluation and analysis of different designs based on these approaches or a hybrid of sequence- and packet-based approaches needs to be carried out towards identifying the most suitable design approach that would perform sufficiently well in most typical scenarios for LTE-based D2D discovery. 
Observation 2

Both sequence-based and packet-based device discovery solutions have certain pros and cons. Detailed evaluations and analyses are essential towards identifying the most suitable option between sequence-based, packet-based, and hybrid approaches.
4.2 Different levels of network assistance and control 

As mentioned in Section 2, different levels of network assistance and control may be considered for design of LTE-based D2D discovery solutions. Network assistance may be provided in both explicit and implicit modes. Here, explicit network assistance refers to active assistance from the LTE network in identifying a discovered device or in resource allocation. On the other hand, implicit network assistance may include ways in which D2D discovery solutions may exploit the association with particular serving cells or camping eNodeBs by ProSe enabled devices, while within network coverage, to enhance D2D discovery designs. D2D discovery solutions that combine both these forms of network assistance can be feasible as well.
The aspect of network control in the context of D2D discovery is considered in terms of allocation of resources for transmission of discovery signals. While D2D discovery mechanisms can be designed such that the network provides partial or full resource assignment information for transmission of discovery signals following a centralized approach, distributed D2D discovery protocols with some form of contention-based resource assignment can be possible as well. In fact, the latter can be seen as more appropriate for scenarios with high device density and open discovery use cases.
Although intuitively network assistance and control realized through a centralized resource assignment mechanism may be expected to be more efficient than distributed approaches, such approaches should be pursued with careful consideration of the potentially significant overhead increase from additional signalling (depending on the reliance on UE-specific signaling) and, in general, scalability limitations of centralized approaches.

Observation 3

Different levels of network assistance and control can be considered for D2D direct discovery solutions. Further down-selection should be based on considerations of performance, scalability, system overhead in different D2D scenarios and use cases.
4.3 Resources for discovery signal transmission

Various options can be considered with respect to the allocation of discovery resources and the multiplexing of discovery and cellular resources. Discovery and cellular resources may be multiplexed in time-only or both frequency and time.  While the second option may be more appropriate in terms of efficient resource allocation considering half-duplex constraints for ProSe enabled devices, some other aspects need to be considered to determine the best approach. For instance, the impact from cellular UL/DL transmissions on D2D discovery signal reception due to in-band emissions [3] and related ADC quantization issues should be accounted for. 

Another related aspect is the design and mapping of a single discovery signal to time-frequency resources. Although the exact mapping depends on the corresponding sequence design or the size of payload information to be carried (for the case of packet-based discovery signals), the following trade-off needs to be considered:
1. Mapping of a discovery signal so as to have a long span in the frequency domain may be beneficial in terms of resource utilization considering effect from in-band emissions and half-duplex constraints. Depending on the exact design, it may also help in providing channel estimates for the potential D2D links of wide-band nature.
2. Transmitting over a large number of subcarriers in the frequency domain leads to a lower effective PSD and thus, may have adverse impact on the achievable discovery range in certain scenarios that may be power-limited.
Observation 4

Resource assignment for D2D discovery signals should be based on performance in terms of agreed evaluation metrics for D2D discovery [4] with considerations for impacts from in-band emission and half-duplex constraints.
4.4 Use of UL or DL spectrum and UL or DL symbol structure
Regarding the adoption of UL or DL spectrum for D2D discovery resources, it would be more appropriate to consider UL spectrum considering the adverse impact from in-band emissions to neighbouring UEs receiving cellular transmissions on the DL and implementation challenges for discovery signal transmission in the DL spectrum. On the other hand, even though LTE-based D2D discovery can be supported on the UL spectrum, one option that warrants further study is the use of  DL symbol structure (OFDM) for packet-based discovery signal design. While this would lead to a higher PAPR and hence, a larger power back off compared to SC-FDM-based structure, resulting in an adverse impact on discovery range in noise-limited scenarios, a significant advantage from using DL symbol structure for packet-based discovery signal design is that it would enable simpler receiver design for ProSe enabled devices. Specifically, implementing additional baseband processing for the Tx chain corresponding to the DL symbol structure (transmission of OFDM symbols) can be expected to be much easier than implementation of additional baseband processing for the Rx chain corresponding to UL symbol structure (reception of SC-FDM symbols).
Observation 5
Choice of UL or DL spectrum and UL or DL symbol structure (SC-FDM- or FDM-based) should take into account impact to cellular communication and UE implementation complexity towards realization of implementation-friendly LTE-based D2D solutions.
4.5 Synchronization considerations
For TDD deployments, it can be assumed that ProSe enabled devices associated with different eNodeBs are synchronized and hence, additional considerations for synchronization may not be necessary. This is not true in general for FDD systems wherein different eNodeBs may not be synchronized and hence, lack of synchronization between ProSe enabled devices should be taken into account and addressed appropriately. Consequently, both cases have been agreed as mandatory cases during RAN1 #72bis meeting [4]. Depending on exact designs, the synchronization issue can be addressed in multiple ways. One way is to reuse the discovery signals for synchronization purposes as well. This could be possible for appropriately designed sequence-based D2D discovery solutions. Another way is to have a synchronization mechanism facilitated by the application of some form of preamble to the discovery signals that can be used to achieve time and/or frequency synchronization or possibly to provide the channel estimation. Yet another option is to support a synchronization procedure that is independent of the discovery signal configuration to ensure efficient synchronization and tracking of time and frequency between ProSe enabled devices.
Observation 6
D2D direct discovery solutions can be designed considering unsynchronized operation and hence, providing synchronization mechanisms as part of the discovery signal design. An alternative would be to consider synchronization mechanisms independent of the discovery signal configuration and consequently, D2D direct discovery solutions can be designed for synchronous operation.
5 Extension to Outside Network Coverage
The primary challenges to extending LTE-based D2D discovery solutions from within to partial or outside network coverage is the absence of time and frequency synchronization as well as lack of network assistance (e.g., in resource assignment for discovery signal transmissions, etc.). Again, various design options may be followed to address these issues. As mentioned in Sub-section 3.5, provision of synchronization can be ensured via different design options that include some form of preamble transmission along with the discovery signal transmission or an independent protocol that can be used to enable devices to achieve synchronization and to track time and frequency changes, etc. 
Considering the significant support for a unified solution for both within and outside network coverage during RAN1 #72bis meeting [5], one pertinent question in this regard is whether D2D discovery solutions should be designed such that they operate effectively in outside network coverage scenarios and hence, would work also when within network coverage, or, if the design should be first optimized for within network coverage scenarios and then appropriately augmented with additional mechanisms to enable efficient operation for public safety use cases outside network coverage. While the first option may appear to provide better robustness, the risk of adopting an over-designed solution could prove to be more burdensome with respect to practical implementation. Given the lack of clarity at this stage, although not very desirable, it may be prudent to not rule out the possibility of separate D2D discovery solutions for within and outside network coverage respectively. 

Observation 7

Support of D2D direct discovery outside of network coverage can be realized either by extending the solutions optimized for within network coverage to perform reasonably well in outside network coverage, or solutions could be developed targeting outside network coverage use cases and consequently, they can work also within network coverage. However, the second option should be cautiously considered to avoid adoption of an over-designed system that fails to exploit the benefits of the presence of an LTE network. 
Observation 8

At the present stage, it may be prudent to not rule out the possibility of separate D2D discovery solutions for within and outside network coverage respectively.
6 Conclusions

In this contribution, we provided our views on design options for LTE-based D2D discovery. Based on the discussion presented, we summarize our views through the following observations:
Observation 1
Direct device discovery solutions are applicable for both closed and open discovery use cases and are more suitable for the support of open device discovery.
Observation 2

Both sequence-based and packet-based device discovery solutions have certain pros and cons. Detailed evaluations and analyses are essential towards identifying the most suitable option between sequence-based, packet-based, and hybrid approaches.

Observation 3

Different levels of network assistance and control can be considered for D2D direct discovery solutions. Further down-selection should be based on considerations of performance, scalability, system overhead in different D2D scenarios and use cases.

Observation 4

Resource assignment for D2D discovery signals should be based on performance in terms of agreed evaluation metrics for D2D discovery [4] with considerations for impacts from in-band emission and half-duplex constraints.

Observation 5

Choice of UL or DL spectrum and UL or DL symbol structure (SC-FDM- or FDM-based) should take into account impact to cellular communication and UE implementation complexity towards realization of implementation-friendly LTE-based D2D solutions.

Observation 6

D2D direct discovery solutions can be designed considering unsynchronized operation and hence, providing synchronization mechanisms as part of the discovery signal design. An alternative would be to consider synchronization mechanisms independent of the discovery signal configuration and consequently, D2D direct discovery solutions can be designed for synchronous operation.

Observation 7

Support of D2D direct discovery outside of network coverage can be realized either by extending the solutions optimized for within network coverage to perform reasonably well in outside network coverage, or solutions could be developed targeting outside network coverage use cases and consequently, they can work also within network coverage. However, the second option should be cautiously considered to avoid adoption of an over-designed system that fails to exploit the benefits of the presence of an LTE network. 

Observation 8

At the present stage, it may be prudent to not rule out the possibility of separate D2D discovery solutions for within and outside network coverage respectively.
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