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1 Introduction

The Type-1 D2D discovery (autonomous discovery) was introduced in LTE Rel.12 for operation within network coverage (InC). In this contribution, we discuss support of Type-1 D2D discovery for partial and out of network coverage (OoC) scenarios. The extension of Type-1 D2D discovery design for partial and OoC scenario was agreed in [1] and may be relatively straightforward.
Work item objective

1)  Define enhancements (if needed) to D2D discovery to enable the following features:
a) Type 1 discovery for the partial and outside network coverage scenarios targeting public safety use [RAN1].

The next sections of this document discuss what needs to be considered in order to enable Type-1 D2D discovery in partial and OoC scenarios.
2 Discovery Configuration Aspects

The LTE Rel.12 Type-1 D2D discovery relies on synchronous operation. The UE needs to acquire system synchronization first and then select discovery resource from the configured discovery resource pools, according to RRC signaling. The parameters relevant to D2D discovery are provided in SIB19 RRC signaling. In order to enable discovery operation in OoC scenarios, the discovery configuration parameters needs to be pre-configured, as it is done to enable LTE Rel.12 D2D communication and synchronization in OoC.

Proposal 1
· For out-of-coverage discovery operation (transmission and reception), the discovery configuration parameters (discussed in LTE Rel.12 for in-coverage operation) are pre-configured at the UE side.
For partial coverage scenario, in order to perform discovery even when some UEs are InC and some UEs are OoC, all UEs (i.e. both InC and OoC) should be configured with common discovery resource pools for sidelink discovery channel. This pool shall be aligned in terms of physical resources. Ideally, in order to avoid discovery performance loss the same pool configuration (or aligned) shall be pre-configured for OoC UEs, and in serving and neighboring cells in case of synchronous deployment.
Proposal 2
· For discovery operation in partial coverage scenario, the discovery pool configuration parameters including number of retransmission and transmission probabilities, are aligned between in-coverage and out-of-coverage UEs.

· The parameter alignment is ensured by proper pre-configuration settings for out-of-coverage and in-coverage UEs.
· The discovery configuration parameters acquired from SIB19 have higher priority over parameters pre-configured for OoC operation, when UE is in-coverage.
Other parameters that do not affect discovery physical structure, such as transmit power info may be different for InC and OoC discovery operation. In addition, for pool selection only random approach is applicable for OoC UEs.
3 Synchronization Aspects
The D2D synchronization is needed to enable Type-1 discovery in partial and OoC scenarios. According to LTE Rel.12, for D2D communication in partial coverage scenario there is a one “in-coverage” synchronization resource which is allocated every 40ms, so that terminals deriving timing from eNB can use it and propagate timing further towards OoC. The same resource is used by discovery capable terminals to facilitate inter-cell discovery. However, for discovery announcement, UEs transmit only sidelink synchronization signals, without transmitting PSBCH. Moreover, these terminals occupy the synchronization resource right before or at the first subframe of the selected discovery resource pool, and thus do not transmit synchronization signals every 40 ms.
For D2D communication in OoC, there are two pre-configured synchronization resources allocated every 40ms. The UEs acquire timing from sidelink synchronization signal and PSBCH transmitted in one subframe and propagate synchronization signal and PSBCH on another subframe, if UE becomes synchronization source based on pre-defined condition. The PSBCH channel carries information about current direct frame and subframe number, which is used for correct mapping of control and data resource pools in time.
Assuming that Rel.12 Type-1 discovery configuration framework and physical structure are reused, the OoC UEs need to acquire a notion of direct frame and subframe number. One way to obtain this information is to specify that OoC UEs participating in device discovery should 1) transmit PSBCH and 2) be able to decode PSBCH and 3) follow D2D synchronization procedure.
In LTE Rel.12, the discovery capable UEs transmit D2DSS in synchronization resource only at the time instances preceding or overlapping with discovery period. This behavior needs to be changed when UE is OoC.
Proposal 3
· The PSBCH transmission / reception is used to acquire the direct frame / subframe number and determine discovery resource mapping in case of partial and out of network coverage scenarios.

· The LTE Rel.12 sidelink synchronization procedure is reused to enable Type-1 discovery in partial and out of network coverage scenarios.
4 Resource Allocation
In LTE Rel.12, data communication was prioritized (for transmission and reception) over discovery in case of overlapped resource pools and limited UE capabilities. It means that D2D TX will always prioritize data transmission over discovery announcement. This prioritization rule may degrade the UE-to-NW relay discovery, if UE-to-NW discovery is done using PSDCH. Whether to use PSDCH for UE-to-NW discovery should be further discussed and decided by RAN2 WG. However, if PSDCH is decided for UE-to-NW discovery procedure, then RAN1 may need to reconsider prioritization rule for at least OoC operation. The problem, we see is that OoC UE that transmits data for UE-to-NW relaying will always prioritize data transmission. In case of video-streaming, it is likely to occupy wideband channel and may create significant interference to the discovery signals from InC UEs. The created interference may degrade discovery performance and thus may increase latency of finding UE-to-NW relays. On the other hand, many InC UEs may be involved into the discovery announcement and therefore create a problem for UE-to-NW nodes receiving data from OoC UE. Another problem is that the UE-to-NW relay node cannot send discovery announcement when it receives traffic from OoC UE (Figure 1). Therefore, TDM between discovery and communication resources is needed.
In general, the problem of discovery and communication resource overlap may be resolved by randomization of TX pattern selection and configuration (i.e. by configuring non-overlapped in time resources). However, it may results in inefficient utilization of spectrum resources for D2D communication (see Figure 2: Configuration 2). The problem is that according to existing pool configuration framework, the configuration of orthogonal in time communication and discovery resources may imply quite significant waste of spectrum resources. The reason for this is that discovery and communication pools are configured by the similar set of parameters: period, offset, subframe bitmap. The subframe bitmap for data communication pool is repeated until the next instance of control pool. In addition, the period for the data communication is smaller than the discovery period and thus the resource wastage can happen periodically.

[image: image1.emf]eNB

UE

1

-to-NW

UE

(Out of coverage)

Source(S): UE-OOC

Relay(R): UE-to-NW

Destination(D): eNB

UE

2

-to-NW

UE

(Out of coverage)

PSSCH

Video Streaming 

towards NW (likely 

wideband)

PSDCH

UE-to-NW

Discovery Announcement

Challenging to discover 

UE-to-NW node due to 

consistent interference

Challenging to 

preserve video 

quality

Overlapped in time discovery and communication pool

TDMed discovery and communication pool

Discovery Pool

Communication Pool

Interference


Figure 1: On challenges of UE-to-NW discovery in case of using PSDCH.
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Figure 2: Configuration of communication and discovery resource pools
In order to avoid mentioned above problems of LTE Rel.12 resource configuration, it is possible to redefine data resource pool (e.g. exclude resource that overlap with discovery), so that UEs do not transmit on discovery resources.
Proposal 4
· Discuss possible mechanisms to support enhanced time orthogonal allocation of communication and discovery resource pools to avoid periodical wastage of spectrum resources.
5 Conclusions
In this contribution, we provided our views on the changes needed to support Type-1 discovery in partial and out of network coverage scenarios. In order to extend Type-1 discovery in partial and out of coverage scenarios we have following proposals:
Proposal 1
· For out-of-coverage discovery operation (transmission and reception), the discovery configuration parameters (discussed in LTE Rel.12 for in-coverage operation) are pre-configured at the UE side.
Proposal 2
· For discovery operation in partial coverage scenario, the discovery pool configuration parameters including number of retransmission and transmission probabilities, are aligned between in-coverage and out-of-coverage UEs.

· The parameter alignment is ensured by proper pre-configuration settings for out-of-coverage and in-coverage UEs.
· The discovery configuration parameters acquired from SIB19 have higher priority over parameters pre-configured for OoC operation, when UE is in-coverage.

Proposal 3
· The PSBCH transmission / reception is used to acquire the direct frame / subframe number and determine discovery resource mapping in case of partial and out of network coverage scenarios.

· The LTE Rel.12 sidelink synchronization procedure is reused to enable Type-1 discovery in partial and out of network coverage scenarios.
Proposal 4
· Discuss possible mechanisms to support enhanced time orthogonal allocation of communication and discovery resource pools to avoid periodical wastage of spectrum resources.
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