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1 Introduction
Standardization of D2D began in Rel-12. In Rel-13, more work is planned, with a WI agreed on at RAN#66 and slightly modified at RAN#67. The WID eD2D [1] includes the following objectives: 
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 possible enhancements to sidelink signaling related to this objective, and how this signaling could be carried on the PSBCH for type 1 discovery in both partial and outside network coverage scenarios.

2 Type 1 discovery sidelink signalling design considerations
2.1 Necessity of PSBCH to support discovery
A D2D discovery scenario for partial coverage is illustrated in figure 1.
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Figure 1: D2D discovery for partial network coverage
As shown in figure 1, D2D UEs in partial network coverage need to use the same resource pools and the same transmission parameters configuration as in-coverage UEs in order to be able to receive the in-coverage discovery messages. Similarly to what was done for D2D communication, the priority of in-network coverage UEs transmission should be higher than from outside network coverage UEs [2]
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[3]. Thus, some parameters need to be communicated to out-of-coverage UEs in partial-coverage scenario.
Proposal 1: configuration information for partial network coverage UEs is sent by the in-network coverage sidelink UEs.

The basic configuration information needs to include the discovery bandwidth, the discovery subframe number, and the discovery TDD configuration. Note that for Rel-12 D2D communication, these fields are already included in the PSBCH and occupy 20 bits, and a design to provide adequate reliability already exists. Thus, it makes sense to reuse the PSBCH to transmit the configuration information for D2D discovery.
Proposal 2: PSBCH is used to transmit information for discovery. 
For D2D communication, the PSBCH is transmitted by a D2D discovery synchronization source in the SLSS subframes. In order to reduce the standardization effort, the PSBCH for discovery should be transmitted by a D2D synchronization source as well. The inCoverage bit from Rel-12 PSBCH is needed to indicate the synchronization source priority. Thus, all the fields of PSBCH for communication need to be included on the PSBCH for discovery:

· Bandwidth: 3bits

· tdd-configSL: 3bits

· directFrameNumber: 10bits

· directSubframeNumber: 4bits

· inCoverage: 1bits

Proposal 3: the PSBCH for discovery is transmitted by a sidelink synchronization source as defined in Rel-12. All the explicit fields in Rel-12 PSBCH are included.
2.2 PSBCH  issues for Rel-13 discovery

In this subsection, we discuss the PSBCH specificities for discovery and the differences between PSBCH for discovery and communication. 
PSBCH periodicity.

In Rel-12, the PSBCH periodicity is different for in-coverage discovery and communication. For communication, the PSBCH periodicity is 40ms. The discovery SLSS is transmitted once per discovery pool period, which has the following range: {320, 640, 1280, 2560, 5120, 10240}ms. For similar discovery requirements in and out-of-coverage, it is reasonable to assume that tying the discovery configuration periodicity to the discovery pool periodicity is reasonable.
Observation: the discovery configuration signalling can be longer than 40 ms and can be tied to the discovery pool periodicity.
Coupling between discovery and communication. In Rel-12, D2D discovery can work with or without D2D communication. For discovery, it is reasonable to assume the same: for instance, some UEs may be only discovery-capable in order to track where the public safety users are located.

As a consequence, it is reasonable to consider whether communication and discovery should be configured independently. For example, the discovery sidelink bandwidth may be smaller than the communication sidelink bandwidth when both communication and discovery are simultaneously configured. 
Possible need for discovery specific sidelink signalling. In order to support the discovery in partial network coverage scenario, some discovery specific configuration parameters may be needed for discovery PSBCH. These parameters include: 
· 3 bits for the transmission period discPeriod (6 possible values). Since the PSBCH periodicity for discovery is tied to the discovery pool and can take up to six different values, signalling this information can help the receiver. If it knows disPeriod, an out-of-coverage PSBCH receiver can know the exact subframe location and interval, which would limit unnecessary detection. 
· 2 bits for the number of retransmission numRetx (4 possible values). For communication, the SA retransmission time is fixed to 2, and the data retransmission time is fixed to 4. However, for discovery, the retransmission time is configurable among {1, 2, 3, 4}. An out-of-coverage discovery UE can receive discovery signals from both in and out-of-coverage UEs, thus needs to know this value. 
· 2 bits for the transmission probability txProbability (4 possible values). This signalling can be used to control the probability of transmitting a discovery signal in a discovery pool. The txProbability value is relevant to the transmission delay and discovered opportunity. In partial network coverage, the out-of-network discovery UEs should have similar delay and the same number of discovery opportunities in a discovery pool. 
· 1 bit used to enable or disable the outside network discovery transmission [4].
These parameters are used to control the outside network coverage UEs sidelink discovery transmission or reception. The above additional bits can be added into the PSBCH reserved field.
2.3 PSBCH considerations for Rel-13 discovery
Based on the discussion in Section 2.2, there are two options to transmit PSBCH for discovery. 
· Option 1: reuse the Rel-12 communication PSBCH for discovery, with new fields added, if needed
· Option 2: specify a discovery specific PSBCH
The two options are compared in table 1:
Table 1: PSBCH options
	
	Option 1: reuse the Rel-12 PSBCH
	Option 2: specify a discovery specific PSBCH

	Pros.
	Only one PSBCH is needed
	Need not to modify the discovery SLSS/PSBCH period and resource to the fixed 40ms, the period varies with the discovery pool period
less power consumption for discovery only scenario for SLSS/PSBCH transmitter 

the sidelink signalling for discovery and communication can be configured independently, thus providing more flexibility

	Cons.
	Need to define the discovery SLSS/PSBCH period and resource as the same as communication, which is fixed to 40ms

more power consumption for discovery only scenario for SLSS/PSBCH transmitter
Less flexibility dues to single sidelink configuration
	Two different PSBCH channels, one for communication, and another for discovery
Need to distinguish the two PSBCH channels so that the discovery UE can distinguish them


Proposal 4: Decide between the following two options for discovery PSBCH:

· Option 1: reuse the Rel-12 PSBCH for communication
· Option 2: specify a discovery specific PSBCH
Up to this point, the discovery PSBCH was discussed for partial coverage. However, purely out-of-coverage UEs would benefit from receiving a discovery PSBCH as well: the UEs in partial coverage have the same parameters as the in-coverage UEs. It thus makes sense to have the out-of-coverage UEs using the same parameters as the in-network coverage UEs since an out-of-coverage UE can receive discovery signals from UEs in-network coverage. Thus, we propose to have in/out-of-coverage UEs transmitting the PSBCH as well, with the same fields as discussed in the previous sections.

Proposal 5: out-of-coverage UEs can transmit the discovery PSBCH. The PSBCH fields are the same regardless if the UE is in/out/partial coverage.
3 Conclusions

In this contribution, we discussed possible enhancements to sidelink signaling, and how this signaling could be carried on the PSBCH for type 1 discovery in both partial and outside network coverage scenarios. Our proposals are as follows:

Proposal 1: configuration information for partial network coverage UEs is sent by the in-network coverage sidelink UEs.

Proposal 2: PSBCH is used to transmit information for discovery. 

Proposal 3: the PSBCH for discovery is transmitted by a sidelink synchronization source as defined in Rel-12. All the explicit fields in Rel-12 PSBCH are included.

Proposal 4: Decide between the following two options for discovery PSBCH:

· Option 1: reuse the Rel-12 PSBCH for communication
· Option 2: specify a discovery specific PSBCH
Proposal 5: out-of-coverage UEs can transmit the discovery PSBCH. The PSBCH fields are the same regardless if the UE is in/out/partial coverage.
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