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1 Introduction
At RAN1#80bis meeting [1], the following agreements and working assumption were reached on the D2D discovery topic:
Agreement:

· For partial and outside network coverage discovery, PSDCH transmission is supported when PSDCH resources are (pre)configured.

· Relevant discovery pool parameters are preconfigured for out of coverage operation

· Details FFS

Working Assumption:

· A Rel-13 UE transmitting Type 1 discovery follows one of the following two SLSS transmission behaviours if it transmits SLSS:
· Behaviour 1 (Rel-12 behaviour): The UE in each discovery period transmits SLSS in subframe n determined by Rel-12 behaviour. 

· Behaviour 2: 

· UE in each discovery period in which UE transmits discovery, transmits SLSS every 40ms.
· FFS whether the UE transmits SLSS if it does not transmit a discovery message in a given discovery period. 
· Actual SLSS transmission is subject to other Rel-12 conditions such as WAN prioritization

· The UE also transmits PSBCH in the same subframe of SLSS transmission.

· Same content as PSBCH for Rel-13 communication UEs is used

· FFS if reserved bits of PSBCH are used in Rel-13

· FFS when the UE follows each behaviour.

· It is not intended that the synchronization operation of an out of coverage receiving UE is changed from Rel-12 procedure for detecting another SyncRef UE.

In this contribution, we discuss the necessity of distinguishing the discovery type and address the remaining FFS for discovery. We are resolving these FFS assuming that type 1 discovery is necessary to meet the use cases. We give our opinions on SLSS transmission behaviours, discovery pool parameters configuration and possible PSBCH signalling enhancement in reserved bits. 
2 Identify discovery type 
For public safety discovery, both UE-to-network relay discovery and Group Member Discovery will be supported. In addition, in coverage UEs can perform commercial discovery. The UE then needs to differentiate between the following discovery messages:

· In-coverage, commercial discovery
· Out-of-coverage, group member discovery
· Out-of-coverage, relay discovery
Discovery differentiation can be done entirely by higher layers. However, this means that the UE will actually have to process many discovery messages it has actually no interest in receiving. Furthermore, differentiating discovery at high layers results in higher processing delay, which may cause some inefficiencies. In particular, for UE-to-network relay discovery, larger delay may results in service discontinuity. Consequently, it makes sense to differentiate discovery at the PHY layer.

Proposal 1: It is beneficial to differentiate the discovery type at the physical layer.
Note that some ways to differentiate discovery are discussed in [4].

3 SLSS transmission behaviour
In this section, we discuss the remaining FFS items on SLSS transmission for discovery, and discuss which behavior should be followed. We first discuss which behavior should be followed.
3.1 UE behaviour
At RAN1#80b, three possible behaviours were discussed. The two behaviours are shown below as illustrated in [5].
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Behavior 1: same as Rel-12
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Behaviour 2: transmission every 40ms.
Behavior 1 was standardized in Rel-12 with the goal of supporting intercell, in-coverage discovery. In-coverage UEs can use the eNB signals to synchronize. The discovery SLSS is used only to obtain the timing in the neighboring cell, thus does not need to be sent frequently. For out-of-coverage discovery, since there is not necessarily another synchronization source that can be used, a more frequent SLSS transmission is needed. Thus, behaviour 1 should not be used. We think that having a discovery SLSS transmission every 40 ms (above behaviour 2), as it is already the case for D2D communication is the simplest and most robust solution. Besides, with behaviour 2, the synchronization algorithms already developed for Rel-12 communication can be reused.
Proposal 2: For the Rel-13 partial and outside network discovery, the UE follows behaviour 2. 

Another question to address is who transmits SLSS. In particular, should a UE transmit SLSS if it does not transmit a discovery message.
3.2 Who transmits SLSS?
For behaviour 2, it seems enough to have a UE transmitting SLSS only in the discovery period where it has to transmit a discovery signal in order to reduce power consumption. The minimal discovery period is 320ms in Rel-12, so that there will be eight SLSS transmissions per 40ms. This is enough for the Rel-13 discovery receiver to track timing for the discovery message. It is not necessary to have a UE with no discovery message to transmit SLSS based on the analysis and decisions made in Rel-12[6]
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[7]. 
Proposal 3: a UE does not transmit SLSS if it does not transmit a discovery message in a given discovery period.
4 Discovery pool parameters and PSBCH for Rel-13 discovery
4.1 Relevant discovery pool parameters for Rel-13 discovery
For partial network coverage discovery, PSDCH is transmitted by in network coverage UEs. This PSDCH message may be received by the outside coverage UEs. In order to receive the in network coverage PSDCH, an out-of-coverage UE needs to know where the in-network coverage discovery pool is. 
Proposal 4: Resource pool is the same both for in and out of coverage operation 

· the relevant discovery pool parameters are configured by eNB for in coverage operation

· the relevant discovery pool parameters are preconfigured for out of coverage operation

4.2 Discovery PSBCH content
As stated in [3], the discovery is independently with communication. So the same content as PSBCH for Rel-13 communication UEs should be kept. For communication, these contents include the following fields as:

· Bandwidth: 3bits

· tdd-configSL: 3bits

· directFrameNumber: 10bits

· directSubframeNumber: 4bits

· inCoverage: 1bits
In addition, for discovery, some additional fields are beneficial. As stated in [3], some new bits in the PSBCH reserved bits can be considered to enhance the discovery detection. These new bits include: 

· 3 bits discPeriod (with 6 values);

· 2 bits numRetx (with 4 values); 

· 2 bits txProbability (with 4 values);

· 1 bit txFlag.

All the above bits are used for partial coverage, informed by the in network UEs to the out of network UEs. The discPeriod and numRetx parameters are transmitted to let out of network UE know the in-network discovery message basic parameter values, in order to reduce the number of blind decodings. The txProbability will be used to indicate the out of coverage UE’s discovery transmission probability as the received txProbability value from the in network UEs. The same txProbability value among in and out of network UEs in partial coverage scenario can result in the similar delay and the same number of discovery opportunities in a discovery pool. The txFlag is used to enable or disable the outside network discovery transmission. The detailed information can refer to [2].
Since the PSBCH defined in Rel-12 has reserved bits, it seems natural to use the reserved bits for the new discovery fields
Proposal 5: If RAN1 considers enhancing the PSBCH signalling in reserved bits for the Rel-13 partial network discovery, the following parameters can be included:

· 3 bits discPeriod (with 6 values);

· 2 bits numRetx (with 4 values); 

· 2 bits txProbability (with 4 values);

· 1 bit txFlag.

5 Conclusions

In this contribution, we discussed the remaining issues of out-of-coverage discovery. Our proposals are as follows:
Proposal 1: It is beneficial to differentiate the discovery type at the physical layer.
Proposal 2: For the Rel-13 partial and outside network discovery, the UE follows behaviour 2. 

Proposal 3: a UE does not transmit SLSS if it does not transmit a discovery message in a given discovery period.
Proposal 4: Resource pool is the same both for in and out of coverage operation 
· the relevant discovery pool parameters are configured by eNB for in coverage operation

· the relevant discovery pool parameters are preconfigured for out of coverage operation

Proposal 5: If RAN1 considers enhancing the PSBCH signalling in reserved bits for the Rel-13 partial network discovery, the following parameters can be included:

· 3 bits discPeriod (with 6 values);

· 2 bits numRetx (with 4 values); 

· 2 bits txProbability (with 4 values);

· 1 bit txFlag.
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