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In RAN Plenary #66 meeting, a new WI of ProSe enhancement was agreed. In this WID, the following objective is included [1];
	1. Define enhancements (if needed) to D2D discovery to enable the following features: 
0. Type 1 discovery for the partial and outside network coverage scenarios targeting public safety use [RAN1].



The partial and outside network coverage discovery is important feature for Public Safety use. It has already agreed discovery announcing is used for the detection of ProSe UE-to-Network Relay [2]. We note that introducing the ProSe UE-to-Network Relay operation is also in the scope of the WID. Therefore, the partial network coverage discovery announcing should be introduced at least for the ProSe UE-to-Network Relay operation.
Additionally, some use cases which need the outside network coverage discovery are discussed in SA [2] [3]. Since the outside network coverage discovery have the similar uses as the partial network coverage discovery, it is preferable to create a universal design for both the outside and the partial network case. Therefore, RAN1 should discuss both the partial and the outside network coverage discovery at the same time.
In this contribution, we discuss the discovery announcement resource selection mechanism for the partial network coverage and outside network coverage scenarios.


The collision probability of discovery announcement for the partial and outside network coverage scenarios
According to the WID [1] RAN1 should lead to define enhancements of Type 1 discovery for working in the partial and outside network coverage scenarios. Under above the assumption, the out of coverage UEs randomly select resources for discovery announcements from the Pre-Configured resource pool where the procedure is similar to Mode 2 direct communication resource selection. Hence, we assume collision probability is one of the metrics for discovery announcement resource selection mechanism.
Additionally, the existing Rel-12 method allows a synchronization reference UE to derive its synchronization signals from the information provided by its serving-cell eNB. The in coverage UE transmits its synchronization signals that can be received by an out of coverage UE, and this out of coverage UE transmits its own synchronization signals derived from the received synchronization signals from its sync Reference UE and so on. This process allows many UEs located just outside the cell boundary to have the same synchronization information (Figure 1). Even though a discovery announcement doesn’t reach to all UEs having the same synchronization information (due to the limitation of transmission power), the collision risk is still not less than the in coverage scenario. Therefore the discovery announcement resource selection mechanism for the partial and outside network coverage scenario should be designed to keep the similar collision probability with Rel-12 Type 1 Discovery.

[image: ]
Figure 1: Target scenario for the partial and outside network coverage

Proposal 1:
The discovery announcement resource selection mechanism for the partial and outside network coverage scenario should be designed to the same collision probability with Rel-12 Type 1 Discovery.



The collision probability of Mode2 Communication and Type1 Discovery
One approach to support partial and outside the network coverage discovery is to use out of coverage ProSe Direct Communication which is already supported in Rel-12. The partial and out of coverage ProSe Direct Discovery can be achieved without any modifications to the RAN1 specification if discovery message is conveyed using Mode 2 communication. 
Hence, we investigated the collision probabilities of Mode 2 Communication and Type1 Discovery resource selections in Rel-12 ProSe (Figure 2). In Rel-12 ProSe Mode 2 Communication, a UE randomly selects PSCCH resources; in Type 1 Discovery the UE randomly selects PSDCH resources. Detailed parameters are described in Annex. As shown in Figure 2, Type 1 Discovery has lower collision probability than Mode 2 Communication. This result is due to difference in the size of the PSCCH and PSDCH resource pools.
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Figure 2: Mode2 Communication vs Type1 Discovery collision probability

As we indicated in section 2, the collision probability of discovery announcement in the partial and outside the network coverage scenarios should be low or at least the same as the in-coverage discovery.  If the mode 2 direct communication is used for partial and outside the network discovery then additional changes to the procedure will be needed to achieve the required discovery performance. As discussed above it implies the Mode 2 Communication cannot be reused for the partial and out of coverage ProSe Direct Discovery. Additionally, Prose Direct Communication has much higher overhead than the existing ProSe Direct Discovery due to Sidelink control signal transmission for communication. Therefore, there is no motivation to achieve the partial and outside network coverage discovery using Mode 2 Communication. 

Proposal 2:
There is no motivation to achieve the partial and outside network coverage discovery using Mode 2 Communication.


Enhancements Type1 Discovery resource selection
If the partial and out of coverage ProSe Direct Discovery is designed based on Type 1 Discovery specified in Rel-12, the same collision probability can be achieved without any enhancement. However, Type 1 Discovery has disadvantages of not considered half duplex issue (Figure 3). If half duplex issue is happened, the Discovery signal transmitters can't receive the other discovery announcements which are transmitted on same OFDM symbol. It can be allowed that the discovery signal transmitters send same discovery announcement at the next PDSCH period. However since the Discovery signal transmitters can't detect the existence of UEs which transmit a discovery announcement on same OFDM symbol, it’s not sure whether it decides to send same discovery announcement. Even if the same discovery announcement is decided to transmit, discovery announcement is delayed at least 1 PSDCH-interval. Note that PSDCH-interval can be configured by implementation.

[image: ]
Figure 3: Example of half duplex issue

We think this half duplex issue should be resolved. In network coverage scenario, Type 2B discovery was standardized as well as Type 1 discovery. Since eNB can control the discovery announcing resource, Type 2B discovery is much more reliable than Type 1 discovery. E.g., discovery announcement resource collision is avoided and half duplex issue is solved by eNB implementation. Therefore it’s assumed high priority discovery announcement such as ProSe relay UE’s discovery announcement will be transmitted by Type 2B. However Type 2B discovery cannot be available in outside network coverage. According to the SA specification [2] [3], we think there are some use cases which high priority discovery is required. Therefore, if Type 1 Discovery use for the partial and the outside network coverage discovery, RAN1 should discuss how to mitigate the half duplex issue for Type1 Discovery transmissions in the outside the network coverage scenarios.

We investigate the UE’s probability which cannot receive the discovery announcement due to half duplex issue (Figure 4). Detailed parameters are described in Annex. Figure 4 show this probability is higher than the collision probability of Type 1 discovery in Figure 2. 

[image: ]
Figure 4: Half duplex issue on Type1 Discovery

To resolve the half duplex issue in Type 1 discovery, one of the possible methods is to increase the discovery announcement resource pool in time domain. The similar method is already applied for SC resource allocation in Rel-12 ProSe Communication. This method used for the resource pools not overlapping in a time domain can be applied to discovery signals resource pool as well.

Detailed method is described in Figure 5. Resource selection in Pool 1 is used for the existing Type 1 Discovery mechanism. Resource selection in Pool 2 is based on  used for Resource Pool 1(formula (1)). The main idea is to select a resource for the discovery retransmission which is different from the resource selected for the previous discovery transmission by the same UE.
[bookmark: _Hlk415835539]　(1)
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Figure 5: Example of Enhancements on Type 1 Discovery

Proposal 3:
The partial and out of coverage ProSe Direct Discovery is designed based on Type 1 Discovery specified in Rel-12 with an enhancement for resolving half duplex issue.

Conclusions
In this contribution, we have three proposals for partial and outside network coverage discovery resource selection.

Proposal 1:
The discovery announcement resource selection mechanism for the partial and outside network coverage scenario should be designed to the same collision probability with Rel-12 Type 1 Discovery.

Proposal 2:
There is no motivation to achieve the partial and outside network coverage discovery using Mode 2 Communication.

Proposal 3:
The partial and out of coverage ProSe Direct Discovery is designed based on Type 1 Discovery specified in Rel-12 with an enhancement for resolving half duplex issue.
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Annex. Simulation assumption

	
	Mode2 Communication Control
	Type1 Discovery Data

	number of subframes
	40
	200

	number of RBs
	50

	required number of RBs
	time domain 2 RBs
	frequency domain 2RBs

	number of repetitions
	-
	{0,1,2,3}



Note: At least once and resource selection come into collision then.
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formula(1)

𝑛 𝑃𝑆𝐷𝐶𝐻 + ہ 𝑛 𝑃𝑆𝐷𝐶𝐻 / 𝑁 𝑡 ۂ  

i-th PSDCH period @Resource Pool 2

i-th PSDCH period @Resource Pool 1
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