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1. Introduction
At the RAN#58 meeting, a new SI on LTE device to device proximity services (ProSe) was approved [1]. At the RAN1#72 meeting, the following working assumptions and observations were made.
Working assumption
· Define general and public safety specific scenarios

· General scenarios for in NW coverage

· Applicable for both public safety and non-public safety

· One additional public safety specific scenario for out of NW coverage and partial NW coverage cases

Observation
· Encourage companies to the next meeting 

· to propose very few deployment scenarios, requirements, and performance metrics reflecting recommendation from SA1 and other WGs

· to try to provide a possibility to reuse existing 3GPP deployment scenarios

This contribution shows our current views on deployment scenarios, requirements, and performance metrics. We also provide our initial views on resource utilization for D2D.

Before providing our views on each issue mentioned above, our general views on D2D proximity services are presented [2].
· Our main interest is non-public safety discovery

· A unified approach for public safety and non-public safety is desirable

· To consider economic scale as well as to reduce specification differences between public safety and non-public safety

· Non-public safety can be a better baseline for developing a unified approach
· Adaptation of solution developed for public safety to non-public safety can be a non-straightforward task taking into account the potential impact on legacy systems
2. Deployment Scenarios

Table I shows a possible categorization of D2D deployment scenarios. According to the working assumption agreed at RAN1#72, general and public specific scenarios are defined where general scenarios are applicable for both public safety and non-public safety in the case of NW coverage (cf. Section 1). The general scenarios may be further classified into in-band and out-band cases. In the case of in-band scenarios, it would be more challenging to support inter-operator operability and the impact on legacy cellular systems should be carefully considered. On the other hand, out-band scenarios might be more suited for unified solution between public safety and non-public safety, but it requires a dedicated band for providing commercial D2D service. In the case of public safety specific scenarios, technical differences between out of NW coverage and partial NW coverage should be clarified.

Table I. Categorization of D2D Deployment Scenarios
	Public / Non-public safety
	NW coverage
	In-band / Out-band
	Observation
	No.

	General scenarios (applicable to both)
	In NW coverage
	In-band
	· Support of inter-operator operability would be more challenging

· Impact on legacy cellular system should be considered
	#1

	
	
	Out-band
	· Might be more suited for unified solution between public and non-public safety
	#2

	Public safety specific scenarios
	Out of NW coverage / partial NW coverage
	Out-band
	· Technical differences between out of NW coverage and partial NW coverage should be clarified
	#3


Figure 1 depicts the D2D deployment scenarios in Table I. Note that both indoor and outdoor users can be considered for all scenarios. We are interested in general scenarios, and still open to further prioritization between scenarios #1 (in-band) and #2 (out-band).
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Figure 1. D2D deployment scenarios 

In the case of NW coverage, the network synchronization aspect must be carefully considered, especially for FDD systems. Basically, D2D operations of UEs need to be synchronized to avoid continuous searching that would result in increased UE battery consumption. Achieving synchronization among UEs may be approached by synchronizing the network or by providing all UEs with reference timing that is common to D2D operations. In the latter case however, the network may have to be synchronized anyway to provide such common reference timing. Therefore, synchronization among UEs may be assumed in the initial investigation. Since D2D techniques that work efficiently without network synchronization would be desirable especially considering an FDD network, it is still open whether network synchronization is a necessary requirement for D2D operations in NW coverage. 
Observation 1:  D2D operations of UEs basically need to be synchronized to avoid continuous searching that result in increased UE battery consumption.

Proposal 1: It is for further study if NW synchronization is a necessary requirement in NW coverage, but synchronized D2D operations among UEs may be assumed in the initial investigation.

3. Requirements and Performance Metrics
By referring to the chairman’s observation at the RAN1#72 meeting (cf. Section 1), we analyze the feasibility study for Proximity Services (ProSe) [3] to derive requirements and performance metrics that reflect recommendations from SA1. It is also noted that SA1 started describing normative requirements in [4]. In what follows we extend the analysis in our contribution at RAN1#72 [2].

The study [3] identifies several usage cases along with “potential requirements” (PR), some of which are found to be relevant to RAN1 aspects. Some selected PRs are listed below with identified RAN1 requirements and performance metrics. Similar to [3], we analyze general and public safety usage cases.

General use cases
· [PR.43] ProSe Discovery and Communication shall take into account the potentially large numbers of concurrently participating ProSe-enabled UEs (It is noted that the respective usage case in Section 5.1.8 in [3] states as post-conditions “improved efficiency through proximity based services in the presence of many other ProSe enabled UEs”).
Observation

· Relevant for discovery and communications

· Derived RAN1 potential requirement

· Supports a potentially large number of UEs
· Derived performance metric

· Number of devices discovered
· Discovery latency

· Discovery reliability

· Spectral efficiency (for communications)

· [PR.4] ProSe Discovery shall support a minimum of three range classes – for example short, medium, and maximum range
Observation

· Relevant for discovery

· Derived RAN1 potential requirement

· Support a minimum of three range classes
· Derived performance metric

· Discovery range
· [PR.7] The impact of ProSe Services (Discovery and Communications) on radio usage, network usage, and battery consumption should be minimized
Observation

· Relevant for discovery and communications

· Derived RAN1 potential requirement

· Power efficient
· Resource efficient
· Minimum legacy impact
· Derived performance metric

· UE power efficiency
· Resource efficiency

· Impact on WAN
· [CPR.15] [PR.39, PR.40, PR.42] ProSe proximity information shall be suitable for integration with the Location and Presence information used by the network to offer its services

Observation
· Relevant for discovery

· Derived RAN1 potential requirement

· Location service enhancement

· Derived performance metric

· Distance / direction estimation accuracy
Public safety usage cases
· [PR.58] Two public safety UEs shall be capable of establishing a secure direct connection and exchange user traffic on public safety spectrum dedicated to ProSe services, assuming they are in radio range, are authenticated, and authorized

Observation

· Relevant for communications

· Derived RAN1 potential requirement

· Support direct communications

· [PR.73] It is desirable that an authorized public safety UE support the capability to exchange data via ProSe from within a building to public safety UEs outside the building using a power class 3 EUTRA UE
Observation
· Relevant for discovery and communications

· Derived RAN1 potential requirement

· Support discovery/communication within/outside building
· [PR.123] ProSe-enabled public safety UEs when using ProSe Communications should have no impact on communication between other UEs communicating via E-UTRAN
Observation
· Relevant for discovery and communications

· Derived RAN1 potential requirement

· No legacy impact
· Derived performance metric

· Impact on WAN

· [PR.61] A Public Safety UE shall be capable of transmitting data to a group of Public Safety UEs using ProSe Group Communications with a single transmission, assuming they are within transmission range, authenticated, and authorized
Observation

· Relevant for communications

· Derived RAN1 potential requirement

· Support multicast

· [PR.64] An authorized public safety UE shall be capable of sending a broadcast message to all authorized public safety UEs within transmission range, regardless of group membership, using ProSe Broadcast Communications in a single transmission
Observation

· Relevant for communications

· Derived RAN1 potential requirement

· Support broadcast

· [PR.65] An authorized public safety UE may be capable of acting as a relay for other public safety UEs
Observation

· Relevant for communications

· Derived RAN1 potential requirement

· Support relay

Based on our analysis of the SA1 Feasibility study above, we propose considering the following RAN1 requirements and performance metrics.
Proposal 2: Consider the following requirements for a general case.

· For both discovery and communications

· Support a large number of UEs
· Power efficient

· Resource efficient

· Minimum legacy impact
· For discovery

· Support a minimum of three range classes
· Location service enhancement
Proposal 3: Consider the following requirements for a public safety case.
· For both discovery and communications

· Support discovery/communications within/outside building
· No legacy impact
· For communications

· Support direct communications
· Support multicast

· Support broadcast

· Support relay
Proposal 4: Consider the following performance metrics.
· For both discovery and communications
· Resource efficiency

· UE Power efficiency

· Impact on WAN
· Discovery latency

· Reliability of discovery 

· For discovery

· Number of devices discovered

· Discovery range
· Distance / direction estimation accuracy
· For communications

· Spectral efficiency
4. Resource Utilization
In this section we provide our current views on resource utilization for D2D since it is one of the key aspects for possible technical solutions. We propose the following aspects to be considered as the baseline assumption for resource utilization.

· Use the same frequency band for D2D transmission and reception

· Use either cellular UL or DL resources in the case of in-band D2D within NW coverage

· Implementation of additional Tx or Rx chained to UE should be minimized

· Full-duplexing, i.e., simultaneous transmission and reception in the same frequency band, should not be assumed for D2D UE

· Complexity increases for solving self-interference problem when fixed RF filter for the entire system band is assumed

· The filter design and implementation cost can be expensive when adaptive narrow band RF filter is assumed.
Proposal 5: Full-duplexing should not be assumed for D2D UE.
In the case of an in-band scenario in NW coverage, reusing UL resources seems to be preferable to reusing DL resources when considering both the impact on an additional RF chain of UEs and potential inter-cell interference as discussed below.
· Reusing UL resources has fewer regulator issues than reusing DL resources
· Reusing UL resource imposes new RX RF requirements whereas reusing DL resources requires new TX RF requirement

· In general, TX RF requirements would be more strictly met than RX RF requirements, because poor TX RF behavior would cause interference to other systems
· Reusing UL resources has a smaller potential impact on cellular systems in terms of inter-cell interference than reusing DL resources
· Reusing UL resources causes inter-cell interference from cellular UE to D2D UE whereas reusing DL resources causes inter-cell interference from D2D UE to cellular UE

·  D2D is an additional feature on top of a cellular system, and the QoS of the cellular system should be given priority
Observation 2: Reusing cellular UL resources seems to be preferred for resource utilization of D2D in the case of in-band within NW coverage, but it is for further study to select the UL/DL resources.

5. Conclusion

Our main conclusions are summarized as follows.
· Our main interest is non-public safety discovery

· A unified approach for public safety and non-public safety is desirable

· To consider economic scale as well as to reduce specification differences between public safety and non-public safety

· Non-public safety can be a better baseline for developing a unified approach
· Adaptation of solution developed for public safety to non-public safety can be a non-straightforward task taking into account the potential impact on legacy systems
Observation 1:  D2D operations of UEs basically need to be synchronized to avoid continuous searching that result in increased battery consumption.

Proposal 1: It is for further study if NW synchronization is a necessary requirement in NW coverage, but synchronized D2D operations among UEs may be assumed in the initial investigation.

Proposal 2: Consider the following requirements for a general case.

· For both discovery and communications

· Support a large number of UEs
· Power efficient

· Resource efficient

· Minimum legacy impact
· For discovery

· Support a minimum of three range classes
· Location service enhancement
Proposal 3: Consider the following requirements for a public safety case.
· For both discovery and communications

· Support discovery/communications within/outside building
· No legacy impact
· For communications

· Support direct communications
· Support multicast

· Support broadcast

· Support relay
Proposal 4: Consider the following performance metrics.
· For both discovery and communications
· Resource efficiency

· UE power efficiency

· Impact on WAN
· Discovery latency

· Reliability of discovery 

· For discovery

· Number of devices discovered

· Discovery range
· Distance / direction estimation accuracy
· For communications

· Spectral efficiency
Proposal 5: Full-duplexing should not be assumed for D2D UE.
Observation 2: Reusing cellular UL resources seems to be preferred for resource utilization of D2D in the case of in-band within NW coverage, but it is for further study to select the UL/DL resources.
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