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1
Introduction
In RAN#66 a WI was approved and further revised in RAN#67 including the following objective [1]:
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].
In this contribution we discuss the main aspects to be considered for Type 1 discovery for the partial and outside network coverage scenarios, and we indicate the main enhancements that are needed from our point of view.
2
Main aspects
In Rel-12, D2D discovery functionality was specified for in-coverage UEs only while D2D communications functionality was defined in addition for “partial-coverage” and out-of-coverage scenarios. Rel-12 D2D functionality has been in general defined with the assumption of locally-synchronized operation, which has several benefits:

· Enables multiplexing of transmissions from different users in time and frequency domains

· Maximizes the commonality with Rel-12 D2D and LTE operation overall

· Management of interference towards cellular network

Those motivations are still valid for out-of-coverage discovery operation, and hence it should support similar level of synchronization as supported for Rel-12 out-of-coverage D2D communications. However, the synchronization procedure for Rel-12 in-coverage discovery cannot be directly applied to support out-of-coverage discovery, and hence enhancements are needed in Rel-13 on top of current synchronization procedure for D2D discovery. 

In addition to synchronization, when defining out-of-coverage functionality for D2D discovery, the following aspects need to be considered as well:
· Need for information exchange between in-coverage and out-of-coverage UEs regarding the nearby cellular network

· Configuration of  discovery pools, including parameters for the discovery signals themselves

· Resource selection mechanisms
In the following we discuss some of those aspects in more detail.
2.1 Synchronization

In Rel-12 it was decided to have a common synchronization framework for D2D communications and D2D discovery, with Sidelink Synchronization Signal (SSS) resources with a periodicity of 40ms. When considering extension of Type 1 discovery to support partial and out-of-coverage scenarios we believe the main motivations to have a common synchronization framework between D2D discovery and communications are still valid in Rel-13. Moreover, the discovery functionality is expected to be supported by public safety UEs which support D2D communications as well, in which case it is beneficial if the UEs participating in D2D discovery and communications share the same synchronization reference. This has the benefits of simplifying UE implementation, reducing resource for SSS transmission and allowing efficient multiplexing of resource pools for D2D discovery and communications.
Proposal 1: Rel-13 D2D discovery share a common synchronization framework with Rel-12 D2D discovery and communications. 
In Rel-12, UEs participating only in D2D discovery transmit only one synchronization signal per discovery transmission pool. The synchronization signal is transmitted in the first subframe of the discovery transmission pool if a synchronization resource corresponds to that subframe. Otherwise, the signal is transmitted in the closest synchronization resource preceding the first subframe of the discovery transmission pool.  This implies that synchronization signals could be transmitted only every few seconds, depending on resource pool configuration. This works fine for in-coverage discovery since UEs can receive PSS/SSS from eNBs. However, very infrequent synchronization signal transmissions would make it difficult for out-of-coverage UEs to detect transmission of synchronization signals and to maintain a common synchronization reference. Hence, Rel-13 UEs supporting out-of-coverage discovery would need to transmit and track synchronization signals with shorter periodicity compared to Rel-12 discovery. Periodicity should be a multiple of 40ms to maintain common synchronization framework with Rel-12 D2D, but exact value is FFS.
Proposal 2: For out-of-coverage discovery, UEs are allowed to transmit and receive synchronization signals with shorter periodicity than in Rel-12 D2D discovery, and this should not be limited to synchronization resources immediately before discovery period. Exact periodicity and criteria are FFS.

As discussed above, it should be avoided that UEs have different synchronization references for D2D discovery and D2D communications, and hence the synchronization source selection procedure needs to be harmonized between Rel-13 D2D discovery and Rel-12 D2D operation. 
Observation 1: Synchronization source selection/re-selection procedure for Rel-13 D2D discovery should maximize commonality with Rel-12 D2D operation such that multiple synchronization references are avoided.
2.2 Information exchange

In Rel-12 the PSBCH was defined to carry critical information to protect the cellular network from interference and to support out-of-coverage D2D operation, as defined 36.331 [2]:
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n6, n15, n25, n50, n75, n100},
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directFrameNumber-r12
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BIT STRING (SIZE (19))

}

The information transmitted by PSBCH is clearly relevant also for out-of-coverage and partial coverage D2D discovery operation, and hence we propose the following:
Proposal 3: At least Rel-13 UEs supporting out-of-coverage discovery and transmitting SSS should be allowed to transmit PSBCH. Exact periodicity is FFS. 

The PSBCH is transmitted on same subframe as SSS. Hence, as long as we are maintaining the same synchronization framework and keeping same synchronization reference for D2D communications and D2D discovery, a PSBCH transmitted by a Rel-13 UE will overlap in time and frequency with the PSBCH transmitted by Rel-12 UEs. If the contents or format of PSBCH are modified in Rel-13 compared to Rel-12, then collisions will happen in air interface which will have negative effect on both D2D discovery and communications. We then propose:
Proposal 4: Strive for the same contents and format of PSBCH for Rel-13 and Rel-12 UEs. Any modifications to PSBCH contents or format needs to be justified by significant gains, considering also impacts to overall synchronization procedure. 
2.3 Configuration of pools and resource selection
Rel-13 D2D discovery should follow similar principles as Rel-12 discovery in general, implying the definition of resource pools for transmission and reception of discovery messages. However, in order to support out-of-coverage discovery it is required that some information regarding discovery pools is pre-configured in the devices supporting such feature. In order to enable efficient discovery operation in partial coverage scenarios, it should be considered also the support for common D2D discovery pools for UEs that are in-coverage and out-of-coverage. In case multiple discovery pools are configured, the rules for selection of discovery pool for out-of-coverage UEs need to be defined as well.
Observation 2: 

· Pre-configured discovery pools are needed in order to support out-of-coverage Type 1 D2D discovery.

· Common Type 1 pool for in-coverage and out-of-coverage UEs should be considered

· In case multiple discovery pools are configured, the rules for selection of discovery pool for out-of-coverage UEs need to be defined as well.

3
Conclusions
In this contribution we discuss the main aspects to be considered for Type 1 discovery for the partial and outside network coverage scenarios, and we have made the following proposals and observations:
Proposal 1: Rel-13 D2D discovery share a common synchronization framework with Rel-12 D2D discovery and communications. 

Proposal 2: For out-of-coverage discovery, UEs are allowed to transmit and receive synchronization signals with shorter periodicity than in Rel-12 D2D discovery, and this should not be limited to synchronization resources immediately before discovery period. Exact periodicity and criteria are FFS.

Observation 1: Synchronization source selection/re-selection procedure for Rel-13 D2D discovery should maximize commonality with Rel-12 D2D operation such that multiple synchronization references are avoided.
Proposal 3: At least Rel-13 UEs supporting out-of-coverage discovery and transmitting SSS should be allowed to transmit PSBCH. Exact periodicity is FFS. 

Proposal 4: Strive for the same contents and format of PSBCH for Rel-13 and Rel-12 UEs. Any modifications to PSBCH contents or format needs to be justified by significant gains, considering also impacts to overall synchronization procedure. 
Observation 2: 

· Pre-configured discovery pools are needed in order to support out-of-coverage Type 1 D2D discovery.

· Common Type 1 pool for in-coverage and out-of-coverage UEs should be considered

· In case multiple discovery pools are configured, the rules for selection of discovery pool for out-of-coverage UEs need to be defined as well.
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