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1. Introduction
At RAN1 #80bis meeting, working assumption on SLSS transmission of Rel-13 discovery was reached as follows [1]:
· 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 behavior.
· 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 remaining issues of Type 1 discovery for the partial and outside network coverage scenarios.
2. Clarification of behaviours of SLSS transmission
According to working assumption in RAN1 #80bis, Rel-13 discovery UE may transmit SLSS with one of two behaviours when conditions of SLSS transmission are met. UEs with behaviour 1 transmit SLSS one time in each discovery period. And for behaviour 2, UEs transmit SLSS every 40 ms.
For Rel-13, public safety discovery (PS discovery for short) should work in-coverage, partial coverage and out-of- coverage. And different behaviours may be suitable for different scenarios. 
For in network coverage, synchronization is only considered for in-coverage UEs. Because discovery UEs in coverage can detect D2DSS via the synchronization window which is based on higher layer parameter w1, receiving UEs can maintain a relatively accurate timing although only one SLSS is transmitted every discovery period. So, Rel-13 discovery UEs can synchronize with other Rel-13 discovery UEs and Rel-12 discovery UEs with behaviour 1 which is beneficial for power efficiency compare to behaviour 2.
For partial coverage, some out-of-coverage UEs close to edge of network coverage may need to synchronize with in-coverage UEs. In this case, SLSS is transmitted for both in-coverage UEs and out-of-coverage UEs. If discovery UEs in coverage transmit SLSS once every discovery period, the interval between two neighbouring SLSS transmission is long. Since out-of-coverage UEs cannot receive RRC signaling from eNB and have no information about the synchronization window. Hence, there is a possibility that out-of-coverage UEs are not able to detect SLSS for a long period of time, which can be up to 10240 ms. So for SLSS transmission in partial coverage, behaviour 2 is preferred.
For out of coverage, it is obvious that long time is needed for D2D synchronization if Behavior 1 is used, similar to the case of partial coverage. Therefore, behavior 2 is preferred because of shorter period of SLSS transmission (40 ms).
In summary, behavior 1 fits for in-coverage scenario, while behavior 2 is preferred for partial coverage and out of coverage. While a UE may choose one of two behaviors by itself, it would be difficult. For example, UEs in coverage cannot determine whether the current scenario is in-coverage or partial coverage. Alternatively, UEs may get the instruction from eNB on which behavior to use, but the risk of lack of knowledge of coverage scenario still exists. For example, in some abnormal cases, such as earth quake and typhoon, coverage blind area may appear. But eNB would not know this un-predicted change of coverage before hand, and thus it ca not adjust behavior of SLSS transmission for UEs.
From above analysis, it is not always reliable for either UE or eNB to choose a suitable behavior of SLSS transmission. At the same time, from the view of the location of subframes for SLSS transmission included in two behaviors, we think that behavior 2 covers behavior 1. Thus, from the consistency of scheme, we suggest that PS discovery UEs transmit SLSS with behavior 2.
Proposal 1: For public safety discovery, SLSS transmission should follow behaviour 2.
3. Remaining issues of discovery Enhancements
3.1 SLSS forwarding
In Rel-13, out of coverage UEs can reuse D2D synchronization procedure of Rel-12 communication, including SLSS forwarding, i.e. relaying the detected SLSS in the next D2D synchronization resource.
However, considering the difference of D2D synchronization between Rel-13 discovery and Rel-12 communication, one special case is in-coverage UEs are all Rel-12 D2D. Since Rel-12 SLSS can only be transmitted once every discovery period, Rel-13 out of coverage UEs in partial coverage can only detect one SLSS every discovery period which is usually much longer than 40 ms (up to 10240 ms).
As shown in Fig. 1, only UE 1 which is Rel-12 discovery UE in coverage meets the condition of SLSS transmission. UE 2 can only detect one SLSS every discovery period. If UE 2 forwards SLSS just in the next SLSS resource of the SLSS resource where SLSS was detected, SLSS is transmitted once every discovery period by UE 2. Consequently, other out-of-coverage UEs are not able to detect D2DSS for a long period of time.
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Figure 1 One use case for SLSS forwarding
To avoid this problem, repeating transmission of D2DSS in configured D2DSS resources could be considered, i.e., although out of coverage UEs detect SLSS from one SLSS resource per one discovery period, the out of coverage UEs will also forward the SLSS in other synchronization resources within the discovery period, as illustrated in Fig. 2. The repetition of D2DSS forwarding continues till the end of D2D discovery period.
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Figure 2 An example for repetition of SLSS transmission
Proposal 2: Rel-13 discovery UEs in partial coverage should transmit SLSS repeatedly till the end of discovery period, even though only one SLSS resource may be detected per discovery period. 
3.2 SLSS transmission for UEs not transmitting discovery messages
In Rel-12, a discovery UE transmits SLSS in the discovery period in which a discovery message is transmitted. In Rel-13, discovery is extended to partial coverage and out of coverage, and SLSS is transmitted for D2D synchronization of both in coverage UEs and out-of-coverage UEs. For a UE transmitting SLSS, if it does not transmit a discovery message, SLSS transmission may be skipped although this does not favor power saving of receiving UE because of long discovery period. From the perspective of transmitting UE, it is unnecessary to transmit SLSS in a given discovery period in which no discovery message is transmitted.
On the other hand, for a UE trying to detect SLSS, it can transmit SLSS for timing reference if no SLSS from other synchronization source is detected. However one case is needed to be considered. In that case, according to discovery transmission probability is met or not, transmitting UE may transmit discovery messages only in this discovery period but not in next period. This may affect the stability of SLSS and timing reference. However, if the discovery message is transmitted with probability of 1, the above problem would not exist. Based on the discussion above, we suggest that discovery transmission probability is fixed to 1 for PS discovery and PS discovery UEs do not transmit SLSS in the discovery period in which no discovery message is transmitted.
Proposal 3: Discovery transmission probability is fixed to 1 for PS discovery. If a UE does not transmit a discovery message in a given discovery period, it should not transmit SLSS.
3.3 Reserved bits of PSBCH
Based on the working assumption about SLSS transmission in RAN1 #80bis, discovery UEs will transmit PSBCH in the same subframe as SLSS transmission. Rel-13 UEs will transmit PSBCH in the same resource as Rel-12 UEs. In this SFN manner of transmission, PSBCHs with same content and format from different UEs are overlaped in receiving UEs. If Rel-13 UEs use the reserved bits of PSBCH, content of the PSBCH transmitted by a Rel-13 UE will be different from that of the PSBCH transmitted by a Rel-12 UE. The PSBCHs with different contents cause interference to each other. This would cause significant performance issue for PSBCH in both Rel-12 UEs and Rel-13 UEs.
Proposal 4: Not to use the reserved bits of PSBCH in Rel-13.
4. Conclusion
For Rel-13 D2D discovery for partial or out of coverage, our proposals are as follows: 
Proposal 1: For public safety discovery, SLSS transmission should follow behaviour 2.
Proposal 2: Rel-13 discovery UEs in partial coverage should transmit SLSS repeatedly till the end of discovery period, even though only one SLSS resource may be detected per discovery period.
Proposal 3: Discovery transmission probability is fixed to 1 for PS discovery. If a UE does not transmit a discovery message in a given discovery period, it should not transmit SLSS.
Proposal 4: Not to use the reserved bits of PSBCH in Rel-13.
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