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1. Introduction

The Device to Device ProSe features standardized in Release 12 include ProSe device to device broadcast communication, and ProSe discovery for in network coverage case. Two types of discovery mechanisms are available. Type 1 discovery uses non-UE specific resources where discovery UE transmits discovery messages in randomly selected resources within the discovery pool,, and type 2 discovery uses UE-specific resources where eNB specifies the resources for each discovery UE using RRC signals.  Rel.13 D2D WID [1] intends to further enhance LTE device to device services, including enhancements to LTE device to device communications and discovery meeting requirements for public safety for: 

· in network coverage (intra-cell and inter-cell), 

· partial network coverage, and 

· outside network coverage scenarios 

For non-public safety discovery, the work item will cover enhancements to LTE device to device for:

· in network coverage (intra-cell and inter-cell)

In particular, the WI aims to “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].”
In this contribution, we provide our opinions on the potential issues of extending Type 1 discovery to partial and outside network coverage scenarios and the potential solution.

2. Considerations on extending Type 1 discovery to beyond network coverage scenarios
Release 12 Type 1 discovery requires all the UEs to be within network coverage. 
· Synchronization: 
Rel.12 D2D discovery UEs are always within network coverage, so they can always relay on eNB PSS/SSS as their synchronization source. Synchronization signals (PSPSS/PSSSS), but not PSBCH, can be transmitted by a D2D discovery UE in order to provide synchronization reference to other UEs in neighbor cells. 

When a UE is out of network coverage, it needs to obtain synchronization from an independent synchronization source, or it becomes an independent synchronization source itself. Out of network synchronization is already defined for Rel.12 D2D communication UEs, and it is best that the same signal and procedures can be reused for out of network discovery. A D2D discovery UE should be able to synchronize to a synchronization signal transmitted by a D2D communication UE if one is available. The 40ms periodicity of PD2DSS/PD2DSCH can provide D2D discovery UEs with sufficient accuracy for transmitting and receiving type 1 discovery messages. For a UE which is engaged in both D2D communication and discovery, it can synchronize through the Rel.12 D2D synchronization procedure, just like a Rel.12 D2D communication-only UE. For a UE which is only engaged in D2D discovery, the same synchronization signal/message/procedure as Rel.12 D2D communication UE can be reused.
Proposal 1: Reuse Rel.12 synchronization signals and PSBCH for Rel.13 D2D discovery in partial and out of network coverage case. 

For partial or out of network coverage, sidelink synchronization signals and PSBCH may be transmitted by different types of UEs, i.e. communication-only UE, discovery-only UE, and communication-and-discovery UE. To reduce interference between communication and discovery, it is desirable that different types of UEs are all synchronized. A simple way to achieve synchronization between different types of UEs is to allow one type of UE to synchronize to synchronization signals and PSBCH transmitted by another type UEs. This can be achieved by two alternatives.

· Alternative 1: to reuse the Rel.12 out-of network coverage synchronization procedure while disregarding the type of UE transmitting the synchronization signals and PSBCH. 
This scheme does not distinguish D2DSS transmitted by different types of out-of-network (or partial network coverage) UEs. In other words, D2DSS/PSBCH transmitted by different types of D2D UEs all have the same priority.
· Alternative 2: to reuse the Rel.12 out-of network coverage synchronization procedure while giving different priority to synchronization signals and PSBCH transmitted by different types of UEs.
This can be done by including a UE type indication either in synchronization signals or PSBCH, and to further define the UE behavior when synchronizing/resynchronizing to different types of synchronization sources. If the type indication is to be included in the synchronization signal, the signal space of PSSS and SSSS may be increased. The priority rule between D2DSS/PSBCH transmitted by different types of D2D UEs need further study.
Proposal 2: Consider priority rules during synchronization/resynchronization with respect to synchronization signal/PSBCH transmitted by different types of UEs.
· Transmission timing: Rel.13 Discovery messages can be transmitted using DL timing.   
Proposal 3: Out of network discovery messages are transmitted using DL timing.     
· Transmission resource configuration
When UEs are out of network coverage, eNB signals are unavailable. So out of network UEs cannot rely on RRC signal from eNB for discovery resource configurations. Consequently type 1 resources can be configured through pre-configuration.  

Proposal 4: Out of network discovery resources are pre-configured for the UE.
· Transmission resource size 
It is up to RAN2 to decide whether the Rel.12 discovery payload size (232 bits) still applies to the out-of-network coverage discovery case. In the case that the discovery payload size remains the same, the same transmission resource size (2 PRBs adjacent in the frequency domain) can be reused. Similarly, the same modulation, coding and interleaving can also be reused. If RAN2 decides that 232 bits is not enough to carry the discovery message, or some other mechanism such as network relay discovery requires very different payload size, larger or smaller resource size such as 1 or 3 PRBs can be considered.  
Proposal 5: If the payload size of an out of network discovery message remains the same as Rel.12, reuse the discovery resource size of 2 PRBs. For smaller or larger payload size, different PRB sizes can be considered. 
When different PRB sizes are used for out of network discovery, the same resource allocation procedure as Rel.12 can be reused. A discovery resource pool is defined with respect to discovery resource granularity to accommodate different PRB sizes.
Proposal 6: If discovery messages may have different PRB sizes, a discovery resource pool is configured with a resource granularity to accommodate the variable discovery resource size. 

· Power control
The Rel. 12 D2D discovery mechanism employs open loop power control based on the pathloss between D2D UE and eNB. For Rel. 13 UE out of network coverage, without pathloss estimation or interference with UL signals, the maximal transmission power, or a pre-configured power value, can be used. When a Rel.13 UE enters network coverage (or partial coverage) and can estimate the pathloss to the eNB, it can be further subject to open loop power control as Rel.12 discovery.
Proposal 7: When a UE is out of network coverage, either the maximal transmission power or a preconfigured power level can be used for out of network discovery transmission. When it enters network coverage and can estimate the pathloss to the eNB, it is subject to Rel.12 discovery power control. 
· Repeated transmission
Rel.12 discovery allows up to 4 transmissions with fixed RV of {0,2,3,1}. This is sufficient for out of network transmission as well. The number of (re)transmission is a configurable parameter.
Proposal 8: A discovery message can be transmitted up to 4 times with the number of retransmissions configurable. 
· Transmission probability 
In Rel.12, a probability p can be configured as part of the Type 1 discovery resource pool configuration to control the transmission probability. This can be determined by eNB from the number of discovery UEs it configures in each resource pool. Such RRC signaling is not available to out of network coverage UEs. In order to control the transmission probability of discovery messages and avoid congestion, some mechanism for UE to estimate the congestion in a discovery resource pool and control its own transmission probability is necessary.
Proposal 9: Study mechanisms to allow UE to control its own transmission probability, p, in the out of network coverage case.
3. Conclusions
We have conducted an analysis of D2D discovery in out of network coverage/partial network coverage scenarios and studied various aspects when extending type 1 discovery. Based on our analysis we have made the following proposals: 
Proposal 1: Reuse Rel.12 synchronization signals and PSBCH for Rel.13 D2D discovery in partial and out of network coverage case. 
Proposal 2: Consider priority rules during synchronization/resynchronization with respect to synchronization signal/PSBCH transmitted by different types of UEs.

Proposal 3: Out of network discovery messages are transmitted using DL timing.     
Proposal 4: Out of network discovery resources are pre-configured for the UE.
Proposal 6: If discovery messages may have different PRB sizes, a discovery resource pool is configured with a resource granularity to accommodate the variable discovery resource size. 

Proposal 7: When a UE is out of network, either the maximal transmission power or a preconfigured power level can be used for out of network discovery transmission. When it enters network coverage and can estimate the pathloss to the eNB, it is subject to Rel.12 discovery power control. 
Proposal 8: A discovery message can be transmitted up to 4 times with the number of retransmissions configurable. 
Proposal 9: Study mechanisms to allow UE to control its own transmission probability, p, in the out of network coverage case.
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