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1. Introduction
In RAN1 #72bis meeting, evaluation scenario, performance metric and corresponding evaluation methodology have been discussed.  Most of aspects for evaluation have been concluded. According to SID [1] for LTE D2D proximity services, feasibility study about discovery also includes:
2) Identify physical layer options and enhancements to incorporate in LTE the ability for devices within network coverage: [RAN1]

a) to discover each other in proximity directly in a power-efficient manner 
3) Identify and evaluate options, solutions and enhancements to the LTE RAN protocols within network coverage [RAN2 primary, RAN3 secondary]:

a) to enable proximal device discovery among devices under continuous network management and control
4) Consider terminal and spectrum specific aspects, e.g. battery impact and requirements deriving from direct device-to-device discovery and communication [RAN4] 

5) Evaluate, for non public safety use cases, the gains obtained by LTE device-to-device direct discovery with respect to existing device-to-device mechanisms (e.g. WiFi Direct, Bluetooth), and existing location techniques for proximal device discovery (e.g. in terms of power consumption, and signaling overhead)  [RAN1, RAN2]

7) For the purposes of addressing public safety requirements, identify and study the additional enhancements and control mechanisms required to realize discovery and communication outside network coverage [RAN1, RAN2]

In traditional LTE system, proximal device discovery was not discussed much. The objective of this feasibility study is to evaluate LTE D2D proximity services, including discovery and direct communication. Before any detailed physical layer design, a whole picture of the system involving D2D discovery and communication shall be looked into. With references of use cases and requirements from SA TR [3] and TS [4], objectives and target scenarios driven by D2D SID [1], system functions, categories and operational procedure of D2D discovery from perspective of physical layer and higher layer are provided in this contribution. Also, some physical layer design aspects and principles are discussed. 
2. Discussion
2.1. Use cases and requirements of D2D discovery
The target scenarios in D2D SID [1] include:
Table 1 D2D target scenarios for discovery
	
	Within network coverage
	Outside network coverage

	Discovery
	Non public safety & 
public safety requirements
	Public safety only


From the aspects whether operator network can control proximal device discovery, target scenarios are categorized into within and outside network coverage. From application aspect, general use cases, including commercial, social network and etc, and public safety use case are both required. 
2.1.1
General

From SA, general use cases and scenarios for discovery include [3]:

· Restricted ProSe Discovery - This use case describes a basic scenario for ProSe Discovery that can be used for any application: A ProSe-enabled UE of a given user is able to discover and be discoverable by the ProSe-enabled UEs of his/her friends, i.e. permission is given to discover and to be discoverable;
· Potential requirements include General [PR.1],[PR.98],[PR.2],[PR.3],[PR.97], [PR.4]-[PR.11], ProSe Feature Authorization [PR.12]-[PR.15], Charging [PR. 16]
· Open ProSe Discovery – this use case describes a case in which UEs discover other UEs without permission by the discoverable UEs;
· Potential requirements include [PR.17] 
· Discovery use case with subscribers form different PLMNs – this use case describes discovery between UEs camped on different PLMNs;
· Potential requirements include [PR.18]-[PR.20] 
· Discovery use case with roaming subscribers – this use case describes discovery between UEs in different PLMNs under roaming conditions
· Potential requirements include [PR.21]-[PR.25] 
· Network ProSe Discovery use case – in this use case, the 3GPP network provides ProSe discovery for ProSe-enabled UEs
· Potential requirements include [PR.26] and [PR.91] 
From D2D discovery use cases and requirements defined by SA, discovery happens when ProSe-enabled UEs’ proximity needs to be known by one or more authorized applications on the discovering UE. Generally, interest of proximity information comes from a ProSe-enabled application per user, group user, or category of users. Based on operator policy and user choice, the proximity of ProSe-enabled UEs is determined using direct radio signals or via the operator network. The operator shall control the proximity criteria, e.g. radio range and geographic range for ProSe discovery dynamically and its policy shall override any user choice. Subject to user and operator settings, a ProSe-enabled UE shall be discoverable by other UE in proximity that are with/without permission by the discoverable UE depending on the specific application, e.g. social network (with permission) /commercial cases (without permission). Also, ProSe shall ensure that the 3GPP system provides ProSe discovery proximity information only to applications that were authorized by the 3GPP system. And a large number of applications on the UE shall be simultaneous supported. The use of ProSe discovery information for each application can be authorized by an operator and then be used by a UE. 
From RAN’s perspective, use cases can be categorized based on different aspects, e.g.

· A ProSe-enabled UE shall be discoverable by other UE in proximity that are with/without permission by the discoverable UE 
· Proximity of ProSe-enabled UE is determined using direct radio signals or via the operator network 

If proximity of ProSe-enabled UE is determined using direct radio signals, identification could also be different considering there is network assistance or not. It directly affects the design of discovery signal. Without network assistance, for determinable proximity, function of discovery signal includes notifying the UE’s identification. It may result in more requests to discovery signal, e.g. more resources and higher multiplexing factor. Otherwise, contents embedded in discovery signal are possible to be less, e.g. simplified identification via information provided by network. 
2.1.2
Public Safety
Specific use case and requirements applicable for public safety in addition to those general use cases and requirements include[3]:
· ProSe discovery within network coverage – this use case describes the scenario where a given UE discovers one or more other UEs while in network coverage, with ProSe discovery always enabled. 
· Potential requirements include [PR.53]-[PR.54] 
· ProSe discovery out of network coverage – This use case describes the scenario where a given UE discovers one or more other UEs while out of network coverage with ProSe discovery always enabled
· Potential requirements include [PR.55]-[PR.56]

· Can discover but not discoverable – This use case describes the scenario where a given UE is able to discover other UEs, but is not discoverable by other UEs.
· Potential requirements include [PR.57]

For ProSe-enabled public safety UE with ProSe discovery enabled and configured to discover other public safety UEs, they shall be able to discover other discoverable public safety UEs under/out of network coverage. Also such UE can have capability to activate or deactivate the UE’s ProSe discovery feature. It is noted that within network coverage, additional services, e.g. providing accurate location information through GPS data, can be provided for public safety UEs. From the last use case, the configuration to allow UE to discovery and to allow UE to be discoverable shall be independent.
2.2. D2D discovery procedure
The followings are D2D general discovery procedures within network coverage, corresponding to general use cases and requirements. When ProSe-enabled UEs are out of network coverage, procedure of using direct radio signal without network assist can be reused. 
1. The operator turns on the ProSe Discovery feature in its network, and authorizes discovery operations and capability for each individual UE;
2. One authorized application on the discovering/discoverable UE requests proximity with an interested ProSe-enabled UE to be known and to use a certain ProSe Discovery range class.
Using direct radio signal:

3a.
Assuming the discovery range class is allowed by the operator per subscription authorization, ProSe-enabled UE transmits/receives discovery signal on network preconfigured resources/predefined resources
4a.
If the interested UE is able to be discoverable with permission or does not need any permission:
· Identification information is notified by network, or

· UE identifies the interested UE by detecting discovery signal, and
5a.
Other information, e.g. RSRP, could be achieved by discovery signal for different purposes
6a.
Proximity information is notified to the interested UE and/or network*. 

* when discovery is for subsequent D2D direct communication.
Via operator network:

3b.
Assuming the discovery range class is allowed by the operator per subscription authorization, ProSe-enabled UE requests network to achieve the proximity of the interested UE

4b.
Network verifies discovering UE has the permission of the interested UE or may not need any permission

5b.
Network determines the proximity of the discovering UE and the interested UE

6b.
Network notifies the proximity to the discovering UE and/or the interested UE 

2.3. Design aspects of D2D discovery
There are several design aspects of D2D discovery. Most requirements of D2D discovery design results from functions of D2D discovery and its procedure. Device to device direct discovery does not exist in traditional LTE cellular network. However, it was widely studied in other systems, e.g. WiFi, Bluetooth. It is noted that at least, for non public safety use cases, the gain shall be obtained by LTE D2D direct discovery with respect to existing D2D discovery. In this section, design aspects for discovery using direct radio signal are discussed.
Discovery signal design
As a ProSe enabled UE discovers the target UE, the physical layer procedure is similar to that of LTE cell search, which includes synchronization and target UE identification. 
In small cell SI, discovery signal was also discussed. There is the common consideration in D2D to ensure discovery reliability. However, D2D also has its specific design requirements for its discovery signal design:
· No matter that UL/DL carrier/subframe is used for D2D discovery signal transmission, PAPR of discovery signal should be kept as low as possible if access technique is not changed. 

· Interference could be strong due to short distance between D2D pairs. In dense D2D UE cluster, requirement of low correlation of discovery signal increases considering the large number of D2D UEs and resource efficiency. Meanwhile, there could be interference with regular cellular traffic. The low correlation between discovery signals is expected.
· Not restricted to code multiplexing, time/frequency multiplexing should also be investigated on the premise of resource efficiency. 
· Designed signal is expected to be more robust when there is synchronization error, particularly, for UE out of coverage. Within the same cell, D2D UE pair with short distance could be synchronized well via network assistant. However, when UE pair cross two cells, timing of each UE follows its anchor cell and synchronization would become worse, particularly in case of inter-operator. Furthermore, for UE out of coverage, it is not possible using any timing from network.  Besides synchronization request in discovery signal design, other assistant designs shall also be interested. 
· UE identification with and without network assistance also affects discovery signal design.
When network pre-configuration is ready and UEs are allocated much closely, there could be possibility to have successful discovery between UEs by one-shot discovery signal. However, for most of cases, a certain UE need to be discovered by a number of UEs.  Different distances and unpredictable mutual position request periodic discovery signal transmission, even with multi-shot signal during one period.  In addition, in the design of periodic discovery signal, power consumption, successful discovery probability and discovery latency should be balanced for proper design. 
To be more realistic, study of discovery signal design should start from evaluation of existing LTE signal, e.g. PSS/SSS, PRACH, CRS/CSI-RS and PRS. With evaluation results, it can be observed whether it is sufficient reusing the existing signal. Otherwise, it is necessary to investigate the modification of existing signal, or new signal design.
Resource allocation

This design aspect within network coverage can be categorized via whether resource for D2D discovery coexists with cellular network or not.
When D2D discovery resource does not coexist with cellular traffic, no matter UL/DL resources, there is not mutual interference between D2D discovery signal and regular cellular traffic. There could be one or more subframes/symbols reserved only for D2D discovery. It does not mean there is not any impact to WAN since the reserved subframes/symbols may affect regular HARQ, particularly when it requires transmission of ACK/NACK and reception of D2D discovery signal at the same time. Scheduling restriction can solve the problem though.

When D2D discovery resource coexists with cellular traffic, impact to WAN should be considered for its design, e.g. interference from/to DL RS/PDSCH when using DL carrier/subframe, or from/to UL PUCCH/PUSCH when using UL carrier/subframe. Again, impact to regular HARQ would also happen. Resource allocation and scheduling is more important in this case to restrict the impact to each other. It should be further considered whether the discovery signal can be transmitted or received simultaneously with cellular signal of the same UE. Some solutions would be needed if collision happens between these two types of signal.
With possible solutions, resource efficiency should be evaluated and compared between the above two manners to find whether the corresponding physical layer enhancement is necessary. 
Another specific issue about resource allocation is to consider transient period. The requirement of transient period of 20us at UE cannot allow transmission and reception respectively in two neighbouring symbols. For example when discovery signal transmission is allocated at the last symbol followed with a DL cellular subframe, or there are resources of transmitting and receiving discovery signal within one subframe, separation between transmitting and receiving and its relative enhancements should be investigated.  This issue applies to both within and out of network coverage cases.
Proximity-relative measurement and report
Even when a certain UE can discover the other, it may not learn the level of proximity of the target UE without measurement. For use cases that proximity and UE identification are the only motivation of discovery, measurement may not be needed. However, when discovery provides a preparation of direct communication between devices, or the information of proximity level for possible applications, measurements by discovery signal and possible subsequence report could help proximity acknowledgement in an efficient way. Network may utilize the proximity level information between D2D UEs to assist interference coordination, resource allocation, scheduling and etc. From SA [3], the accurate location information via GPS data can also be provided by public safety UE within coverage. However, GPS is not always available considering equipment cost.
3. Conclusion

In this contribution, high-level discussion on use case and requirements, design categories, discovery procedure and design aspects are provided. Discovery procedure includes using direct discovery signal and via operator networks. For discovery procedure using direct discovery signal, design on discovery signal, resource allocation and proximity-relative report are further discussed.
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