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1. Introduction
The objectives of this feasibility study are to evaluate LTE device-to-device proximity services, as follows [1]. 
	
	Within network coverage
	Outside network coverage

	Discovery
	Non public safety &
public safety requirements
	Public safety only

	Direct Communication
	At least public safety requirements 
	Public safety only


Several aspects have been identified for RAN1’s study as follows [1]: 

1) Define an evaluation methodology and channel models for LTE device-to-device proximity services, including scenarios to compare different technical options to realize proximal device discovery and communication, appropriate performance metrics, and performance targets (e.g. range, throughput, number of UEs supported).
2) Identify physical layer options and enhancements to incorporate in LTE the ability for devices within network coverage:

a) to discover each other in proximity directly in a power-efficient manner 

b) to communicate directly, including enhancements to LTE interference management and scheduling that allow the LTE network to enable, manage, and continuously control all direct, over the air, device to device communications
3) 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)
4) The possible impacts on existing operator services (e.g. voice calls) and operator resources should be investigated
5) 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
The identified options/enhancements should reuse the features of LTE as much as possible.
The study will cover: 

· Single and multi-operator scenarios, including the spectrum sharing case where a carrier is shared by multiple operators (subject to regional regulation and operator policy)

· LTE FDD and LTE TDD operations
 This contribution presents several possible scenarios for device discovery within/outside network coverage. Handling guideline and some aspects of device discovery are discussed and proposed. 
2. Possible scenarios within/outside network coverage
Fig. 1 illustrates the first scenario for device discovery within network coverage. Device #1 and #2 are camping on the same eNB and on the same carrier frequency. The serving eNB can assist and control device discovery between the two directly and timely. 

Fig. 2 illustrates the second scenario for device discovery within network coverage. Device #1 and #2 are camping on two neighbour eNBs and on the same carrier frequency. The same network can assist and control device discovery between the two directly, but with signalling propagation delay between the two eNBs. 

Fig. 3 illustrates the third scenario for device discovery within network coverage, but two devices are served by two different operators. Device #1 and #2 are camping on two operators’ eNBs using the same carrier frequency. How to achieve cooperation between two operator networks can be further studied after this scenario is recognized within WG’ interest. Cooperation between two operator networks can assist and control device discovery between the two directly, but with signalling propagation delay between the two operators’ eNBs. 
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Fig. 1 Scenario #1: Device discovery within network coverage (intra-cell)
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Fig. 2 Scenario #2: Device discovery within network coverage (inter-cell)
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Fig. 3 Scenario #3: Device discovery within network coverage (inter-operator)
Fig. 4 illustrates the forth scenario for device discovery within network coverage by different frequencies. Device #1 and #2 are camping on the same eNB and on the carrier frequency f1 and f2, respectively. The serving eNB can assist and control device discovery between the two directly and timely. However, how to resolve discovery on different frequencies on the same eNB is for further study after this scenario is recognized within WG’ interest.

Fig. 5 illustrates the fifth scenario for device discovery within network coverage by different frequencies. Device #1 and #2 are camping on two neighbour eNBs and on the different carrier frequency. The same network can assist and control device discovery between the two directly, but with signalling propagation delay between the two eNBs and with frequency difference during discovery. 

Fig. 6 illustrates the sixth scenario for device discovery within network coverage, but two devices are served by two different operators and at different frequencies. Device #1 and #2 are camping on two operators’ eNBs on different carrier frequencies. How to achieve cooperation between two operators’ networks with frequency differences can be further studied after this scenario is recognized within WG’ interest. Cooperation between two operator networks can assist and control device discovery between the two directly, but with signalling propagation delay between the two operators’ eNBs on different frequencies. 
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Fig. 4 Scenario #4: Device discovery within network coverage (inter-frequency)
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Fig. 5 Scenario #5: Device discovery within network coverage (inter-cell, inter-frequency)
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Fig. 6 Scenario #6: Device discovery within network coverage (inter-frequency, inter-operator)

Fig. 7 illustrates the seventh scenario for device discovery outside network coverage where one of devices is outside network coverage. In the figure, two cases show that one of discovering or discovered device is outside network coverage.  
Fig. 8 illustrates the eighth scenario for device discovery outside network coverage where both devices are outside network coverage. 
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Fig. 7 Scenario #7:  Device discovery outside network coverage (one device outside)
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Fig. 8 Scenario #8:  Device discovery outside network coverage (Both devices outside)

These possible scenarios should be considered and prioritized in coming WG’s discussion. Our view is discussed and presented in the following section. 
3. Handling guideline and proposals
Scenario #1 and #2 are similar, except additional signalling between eNBs in scenario #2. The two can be categorized together and it stands for device discovery within network coverage for non-public safety. The two scenarios should be both prioritized for design of device discovery within network coverage in usage of non-pubic safety. 
Proposal #1: Prioritize scenario #1 and #2 for design of device discovery within network coverage in usage of non-public safety. 

Scenario #3 is highly dependent on operator’s policy. So, it could be waiting till the demand is clear. Scenarios #4, #5, #6 are induced with two frequencies similar to scenario #1, #2, #3. Whether two frequencies are induced or not could be treated as lower priority than that in scenario #1, #2, #3, respectively. 
Issue: Whether different frequencies are considered in design of device discovery. 

Scenario #7 and #8 are two possible cases outside network coverage. According to objectives of the study item, public safety is main demand in these cases. Accordingly, scenarios #7 and #8 should both be considered in design of device discovery. 

Proposal #2: Prioritize scenario #7 and #8 for design of device discovery outside network coverage in usage of public safety.

Solutions for scenario #8 should be applicable to scenario #7’s two cases. So, single design for both scenarios should be considered with high priority. 

Proposal #3: Single device discovery mechanism for scenario #7 and #8 ( i.e. the cases outside network coverage in usage for public safety). 
4. Conclusions

This contribution presents several possible scenarios for device discovery within/outside network coverage. Handling guideline and some aspects of device discovery are discussed and proposed. These proposals are as follows: 
Proposal #1: Prioritize scenario #1 and #2 for design of device discovery within network coverage in usage of non-public safety. 

Proposal #2: Prioritize scenario #7 and #8 for design of device discovery outside network coverage in usage of public safety.
Proposal #3: Single device discovery mechanism for scenario #7 and #8 (i.e. the cases outside network coverage in usage for public safety). 
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