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1. Introduction
At RAN #66 meeting, Rel-13 D2D work item was approved where the enhancements in discovery were described as [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.
In Release 12, D2D discovery is only supported in network coverage. In the case of using Type 1 discovery for UEs out of network coverage, both synchronization and discovery signal transmission/reception should be considered
In this contribution, we discuss Type 1 discovery for the partial and outside network coverage scenarios, which is primarily based on Rel-12 D2D.
2. Synchronization
UEs out of coverage are not able to receive PSS/SSS transmitted from eNBs. Therefore, they need to detect D2DSS in order to be synchronized. 
2.1 D2D synchronization procedure 
In Rel-12, the period of D2DSS is configured as 40 ms for D2D UEs. Within each D2DSS period, two D2DSS resources can be configured for out of coverage UEs who are engaged in D2D communication and only one D2DSS resource can be used for communication UEs in coverage. So naturally for Rel-13 UEs of discovery, backward compatibility can be maintained if the same period is used for Rel-13 as for Rel-12 D2DSS. 
Nevertheless, synchronization for Rel-12 in-coverage D2D discovery is somehow different from out-of-coverage D2D communication. Considering the backward compatibility as well as discovery requirement in partial network coverage scenario, synchronization especially D2DSS transmission for Rel-13 discovery should be carefully investigated.

· D2DSS transmission of in-coverage UEs
In Rel-12, D2DSS transmission for discovery would either occupy the first subframe in a discovery resource pool, or a subframe closest to and preceding a discovery resource pool [2]. For D2D communication, in-coverage UEs should transmit D2DSS in each D2DSS resource period, as long as they have scheduling assignment (PSCCH) or data (PSSCH) to transmit. 
For Rel-13 discovery UE, two typical use cases need to be discussed as follows:
1) Rel-12 discovery UEs in coverage synchronize with Rel-13 discovery UEs in coverage;
2) Rel-13 discovery UEs out of coverage synchronize with Rel-13 discovery UEs in coverage.
Use case 1) is illuminated as Fig. 1, assuming that UE 1 and UE 2 is Rel-12 discovery UE and Rel-13 discovery UE respectively. Because Rel-12 discovery UEs in coverage detect D2DSS via the synchronization window which is based on higher layer parameter w1, so Rel-13 discovery UEs in coverage should transmit D2DSS according to the mechanism as same as that of Rel-12 discovery UEs. In this way, even though only Rel-13 discovery UEs send D2DSS in network coverage, Rel-12 discovery UEs can also detect D2DSS normally. 
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Figure 1 One use case for Rel-13 discovery UEs in coverage

For use case 2), as shown in Fig. 2, if Rel-13 discovery UEs send D2DSS in the same manner as Rel-12 discovery UEs, it can help to save UEs’ power because of less frequent of D2DSS transmission. However, the issue is that a discovery pool is at least 320 ms in length. In addition, out-of-coverage UEs do not have the higher layer parameter w1 in order to fine tune the synchronization window of D2DSS transmission. Hence, there is possibility that out-of-coverage UEs are not able to detect D2DSS for a long period of time, which can be up to 10240 ms, in a typical partial network coverage scenario. All these would defeat the purpose of power saving.
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Figure 2 Another use case for Rel-13 discovery UEs in coverage

Therefore, besides transmitting D2DSS according to synchronization of Rel-12 discovery, it is better for Rel-13 in-coverage discovery UEs to transmit D2DSS in all other D2DSS resource within corresponding discovery period. 
Proposal 1: When the condition of D2DSS transmission is met, Rel-13 discovery UEs should transmit D2DSS in every D2DSS resource within corresponding discovery period, in addition to the Rel-12 D2DSS transmission mechanism for discovery.
· D2DSS transmission of  out-of-coverage UEs
Out-of-coverage UEs would transmit D2DSS in one D2DSS resource in a D2DSS period, and in the other D2D resource would monitor D2DSS transmitted from other synchronization sources [3].
For out-of-coverage, considering that resource configuration and transmission period of D2DSS for Rel-13 discovery can be the same as Rel-12 D2D communication, the synchronization procedure of Rel-12 communication can be reused for D2D discovery when the network is not present.
For partial coverage, to be compatible with Rel-12 discovery UEs, it is useful to consider the case where the network contains only Rel-12 discovery UEs as D2D users. As there is only one opportunity of D2DSS transmission for every discovery period which is usually much longer than 40 ms, the D2DSS transmission for Rel-12 UEs in partial coverage (Rel-12 UEs transmitting D2DSS are in coverage and Rel-13 UEs detecting and forwarding D2DSS are out of coverage) would also be once every discovery period. Such long gap of D2DSS transmission is not suitable for fast discovery.
To avoid this problem, repeating transmission of D2DSS in configured D2DSS resources could be considered, i.e., although out of coverage UEs detect D2DSS from one D2DSS resource per one discovery period, the out of coverage UEs will also forward the D2DSS in other synchronization sources within the discovery period, as illustrated in Fig. 3. The repetition of D2DSS forwarding continues till the end of D2D discovery period.
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Figure 3 An illumination for repetition of D2DSS transmission
Of course, if out of coverage UEs can detect D2DSS from other synchronization sources, they will forward D2DSS in the other out-of-coverage synchronization resource, as illustrated in Fig. 4.
[image: image4.png]In-coverage:

| | T 1

2SS
o wranomision 1





Figure 4 An illumination for D2DSS forwarding

Proposal 2: Regarding the synchronization procedure for Rel-13 discovery UEs, it is suggested that:
Outside coverage: 
Rel-13 discovery UEs perform D2D synchronization according to the same synchronization procedure as used for Rel-12 communication. 
In partial coverage: 
Rel-13 discovery UEs in partial coverage should transmit D2DSS repeatedly till the end of discovery period, even though only one D2DSS resource may be detected per discovery period.
2.2 PSBCH transmission

In Rel-12 D2D discovery, since only in-coverage scenario is supported, the system information for transmission and reception of D2D discovery signal can be obtained from eNB, there is no need for discovery UEs to send PSBCH. For Rel-13 D2D discovery, such system information as system bandwidth, SFN/DFN, TDD config, is not available from the network since the UEs are out of coverage. In this sense, Rel-13 discovery UEs should have the capability of PSBCH transmission, and the configuration parameter can be common between discovery UEs and communication UEs, so that the content and resources of Rel-12 PSBCH is reused.
In addition, for partial coverage scenario (Rel-13 discovery UEs locate outside the network coverage but have a synchronization source of eNB), since discovery UEs do not transmit PSBCH, UEs out of coverage cannot acquire the system information via PSBCH. Therefore, it is essential for partial coverage UEs to transmit PSBCH. The content of PSBCH for discovery can be the same as the Rel-12 PSBCH.
Proposal 3: Rel-13 discovery UEs transmitting D2DSS should transmit PSBCH; the content and occupied resources of PSBCH should be the same as of Rel-12 PSBCH.
3. Discovery
Regarding the discovery message transmission for Rel-13, type 1 discovery for Rel-12 can be the base, including resource selection mode, the probability of transmission and the repetition pattern in a discovery period. However, as Rel-12 discovery does not support out of coverage scenario, and also the discovery message size may be different between Rel-12 and Rel-13, some extra consideration is needed, for example, the resource pool configuration and allocation.
3.1 Discovery resource pool
Reception resource pool should be signalled for UEs to discover each other in Rel-13 which is for partial and out of coverage. In Rel-12, the reception pool for D2D communication is noted in [4]as：
NOTE:
In order to perform communication even when some UEs are in-coverage and some UEs are out of coverage, all UEs (i.e. both in and out of coverage) should be configured with reception resource pools for Sidelink Control which are the union of the resource pools used for transmission of Sidelink Control in the serving cell and neighbour cells and transmission of Sidelink Control for out of coverage.
Such way of reception pool configuration can also be used for Rel-13 D2D discovery. The transmission pool of out of coverage discovery can be pre-configured. 
Since Rel-12 discovery does not support partial or out of coverage scenarios, in-coverage Rel-12 UEs are not able to acquire the resource configuration from out of coverage UEs. Nevertheless, it is still possible for Rel-12 UEs to discover out of coverage UEs via, for example, using the same resource pool configuration, as long as the size of discovery message of Rel-13 is the same as of Rel-12.
Proposal 4: Resource pool of Rel-13 discovery UE can be configured or pre-configured. 
3.2 Discovery resource assignment
In Type 1 discovery of Rel-12, a transmitting UE would randomly choose a resource from the resource pool. The resource unit of the discovery message spans one subframe in time, and 2 PRBs in frequency. The traffic loading is 232 bits. It is likely that the discovery message size of Rel-13 may be larger than 232 [5]. If that is the case, certain resource expansion is needed, for example, using 3 or 4 contiguous PRBs, without affecting the repetitions within a discovery period.。
If the same resource pool is configured for physical channels of both Rel-13 discovery and Rel-12 discovery, resource units would be different in sizes, blind decoding may be needed for Rel-13 D2D UEs to try multiple hypotheses of resource unit size, making detection more complicated. 

A better alternative would be using separate resource pools for Rel-13 and Rel-12 discovery. In Rel-12, each discovery UE can be independently configured with 4 resource pools, with only one to be used at a time for discovery transmission [6]. Therefore, the other 3 resource pools may be used for Rel-13 discovery.
Proposal 5: If the message size of Rel-13 D2D discovery is greater than 232, it is suggested to configure separate resource pools for Rel-13 and Rel-12 discovery messages.
4. Conclusion
For Rel-13 D2D discovery for partial or out of coverage, our proposals are as follows: 
Proposal 1: When the condition of D2DSS transmission is met, Rel-13 discovery UEs should transmit D2DSS in every D2DSS resource within corresponding discovery period, in addition to the Rel-12 D2DSS transmission mechanism for discovery.
Proposal 2: Regarding the synchronization procedure for Rel-13 discovery UEs, it is suggested that:
Outside coverage:
Rel-13 discovery UEs perform D2D synchronization according to the same synchronization procedure as used for Rel-12 communication.
In partial coverage:
Rel-13 discovery UEs in partial coverage should transmit D2DSS repeatedly till the end of discovery period, even though only one D2DSS resource may be detected per discovery period.
Proposal 3: Rel-13 discovery UEs transmitting D2DSS should transmit PSBCH; the content and occupied resources of PSBCH should be the same as of Rel-12 PSBCH.
Proposal 4: Resource pool of Rel-13 discovery UE can be configured or pre-configured.
Proposal 5: If the message size of Rel-13 D2D discovery is greater than 232, it is suggested to configure separate resource pools for Rel-13 and Rel-12 discovery messages.
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