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1. Introduction
According to the study item [1] for LTE decive-to-device (D2D) proximity services (ProSe), the objective of this contribution is to discuss the use of Type 2B discovery and analyze its practical implementation. 
Recall RAN1#73 meeting, two types of discovery procedure were agreed [2], which can be shown as follows:
· Type 1: a discovery procedure where resources for discovery signal transmission are allocated on a non UE specific
 basis.
· Note: Resources can be for all UEs or group of UEs.
· Type 2: a discovery procedure where resources for discovery signal transmission are allocated on a per UE specific
 basis.
· Type 2A: Resources are allocated for each specific transmission instance of discovery signals.
· Type 2B: Resources are semi-persistently allocated for discovery signal transmission.

It is worth noting that the discussion results for Type 1 discovery in previous meetings may be applied to Type 2 discovery as well. In RAN1#74 meeting, the following items with respect to type 1 discovery have been agreed [3]: 
· Period uplink resources are allocated for discovery in a semi-static manner.
· For in network allocation can be performed using RRC signaling.
· Discovery resources within one period of the allocation are divided into time-frequency resources.
· Division can be at least FDM and/or TDM.
· UE transmit their discovery signal and receive discovery signals from other UEs subject to half duplex constraint. 
· Discovery transmissions can use a message of x bits and/or sequences.
· Sequences can be based on PRACH, SRS, and/or PSS/SSS.
· Configurations using either or both of message or sequences are FFS.
· FFS if the signal transmitted is SC-FDM or OFDM.
In RAN1#74bis meeting, the working assumptions for the resource allocation of discovery [4] are listed as follows:
· Discovery message transmission resource configuration consists of a number of subframes and a discovery period, 

and FFS a number of PRBs.
· The number of discovery subframes and the discovery period may be semi-statically configured at least when in 

coverage.
· Individual discovery message transmission resources are not CDM.

· All individual discovery message transmission resources are the same size.
To distinguish between Type 1 and Type 2 discovery, there was a WF on resource allocation for discovery [5] in RAN1#75 meeting as shown as follows: 

· Both Type 1 and Type 2 discovery are supported.

· For Type 2, the resource allocation uses at least dedicated RRC signalling. 
· Resources used for Type 2 discovery transmission are different than resources used for Type 1 transmission.
On these grounds we aim at Type 2B discovery for the sake of its necessity.
The signal transmission of the UE/device participating D2D discovery may be allocated by eNB within network coverage. With eNB assistance, not only the problem of resource collision can be avoided, but also some of the potential interference and the timing errors can be managed. On the other hand, when a UE does not/cannot connect to eNB/operator services, it may either search one another UE/device acting as virtual eNB/cluster head (CH) to acquire the information of resource arrangement or depend on itself pre-configured parameters to select a proper resource from the known discovery resource pool. After knowing/picking the resource for its discovery signal transmission, the thing we concern is to achieve the ideal discovery performance as much as possible. Therefore, it is very important to consider the resource allocation of D2D discovery signal transmission for efficient resource utilization and reliable signal detection.
The rest of this document is organized in the following way. Section 2 not only demonstrates the common use cases of Type 2B discovery in ProSe but also enumerates many different viewpoints proposed by other companies in RAN1 and RAN2 meeting. Next, the state of RRC signalling with respect to Type 2B resource configuration is discussed without loss of generality. Finally, section 3 summarizes our proposals.
2. On the Use of Type 2B Discovery
While Type 1 discovery is now widely accepted as a baseline discussion for D2D discovery, there is no denying that Type 2 discovery providing resource scheduling without resource collision is needed in some common use cases. Type 2 has been classified as Type 2A and Type 2B. Type 2A indicates discovery signals to be allocated at each specific transmission instance, which requires very high signalling overhead. It is also not preferred by most of companies. Type 2B benefited from semi-persistently scheduling (SPS) reduces the signalling overhead compared to Type 2A, which is  more suitable for practical implementation. Thus, we mainly confine our attention to Type 2B discovery.
2.1 Use Cases
Let us imagine an interesting case that all RAN1 delegates perform D2D discovery with our own devices in the meeting room. Considerable quantities of devices transmit discovery signals in proximity but the resources are quite limited. For the purpose of being discovered successfully in such high density scenario, it is preferred to have UE-specific resource allocation so that avoiding resource collision decreasing the detection performance severely. Otherwise, only small amount of devices can be discovered per discovery period even if all devices transmit discovery signals for many times, which leads to very inefficient operation. Obviously, Type 1 discovery with contention-based resource allocation does not satisfy this requirement. Alternatively, Type 2B discovery with dedicated RRC signalling to devices is eligible. Besides, it is reasonable to assume that there is at least one specific device (e.g. AP) acting as virtual eNB or cluster-head [6] executing resource scheduling among devices in very dense environment (e.g. RAN1 meeting room or stadium). 
As mentioned above, in view of the explosion of the number of devices in the future [7], it is not preferable to contention-based resource allocation such that the resource collision occurs frequently. This is an important fact to stress. More specifically, Type 2B discovery can indeed provide efficient resource utilization and reliable discovery signal detection with low latency.
Proposal 1: 
Consider a lot of devices participating discovery in proximity, Type 2B discovery has to be supported for efficient resource utilization and reliable discovery signal detection with low latency. 
In addition to the case of numerous devices in proximity, there are other use cases and considerations of Type 2(B) discovery as described in [8]-[10]. For the targeted discovery, Type 2(B) discovery can ensure the ability of successful discovering without blindly scanning all resources [8]. Similarly, since the monitoring device can limit discovery message search, the false detection probability is reduced and the power consumption is saved [9]. Type 2(B) discovery also adopts in emergency situations such traffic jam and car accident, many devices send discovery signals simultaneously for vehicle-to-vehicle (V2V) communication [10]. Moreover, to manage different types of service requirement among devices, Type 2(B) discovery with UE-specific resource allocation is appropriate for the needs of priority and QoS control [10].
From RAN2's point of view, the necessity and the advantages of Type 2B discovery are shown in [11] and [12], respectively. The use of Type 2B discovery in actual applications can be confirmed without doubt.
2.2 RRC Signalling
The main difference between Type 1 and Type 2 discovery is RRC signalling. The detailed account of comparison between these two types can be referred to [13] and [14]. In our perspective, we accept the argument that UE in Type 2B discovery can be performed from the state of RRC_CONNECTED to the state of RRC_IDLE without releasing the allocated resource [15][16]. Furthermore, it is very unlikely that there is only one shot of discovery signal transmission for one UE  due to half-duplex constraint, near-far problem, and deep fade in D2D channel links. These three issues are presented in detail in [17]. Therefore, we suggest that Type 2B discovery is implemented with resource hopping scheme. Based on the pre-configured hopping rule, once a UE knows the allocated position of discovery resource block (DRB) for its discovery signal transmission in the first discovery resource pattern (DRP), it can then repetitively transmit on the anticipant DRBs in the following DRPs. Figure 1 depicts the concepts stated above by an example of resource hopping, where UEs in RRC_CONNECTED mode at the initial DRP only.
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Figure 1: Type 2B with resource hopping
Proposal 2: 
Type 2B discovery is implemented with resource hopping scheme. 
2.3 Resource Configuration
Since both Type 1 and Type 2B are supported for D2D discovery, we expect that these two types can coexist in a discovery period for different needs among UEs as proposed by [12]. Figure 2 illustrates an example of resource configuration of coexistence, where a portion of discovery resource is reserved for the UEs with dedicated RRC signalling and others are contended by the UEs in RRC_IDLE mode. Although this kind of resource configuration may cause the specification impact, it fits the actual requirements of devices participating discovery. Accordingly, we proposed that Type 1 and Type 2B resource configuration can coexist in TDM/FDM within a discovery period.
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Figure 2: Coexistence of Type 1 and Type 2B resource configuration
Proposal 3: 

Type 1 and Type 2B resource configuration can coexist in TDM/FDM within a discovery period.  
So far as discovery resource allocated in a semi-static manner is concerned, there are several possible conditions for regular discovery cycle as shown in figure 3. Figure 3(a) and 3(b) give two examples that each UE transmits discovery signal once and twice every discovery period, respectively. The size of DRP for Type 2B resource configuration is supposed to be adjusted according to the number of UEs with dedicated RRC signalling.
Proposal 4: 

The size of Type 2B resource configuration is supposed to be adjusted according to the number of UEs with dedicated RRC signalling.
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Figure 3: The different number of DRPs in a regular discovery cycle
It may be worth pointing out, in passing, that half-duplex constraint primarily limits the number of discovered UEs for each UE. Given that the size of Type 2B resource configuration is adjustable, the number of DRBs in a DRP should be not greater than the number of subframes in a DRP for the sake of resource hopping efficiency.
Finally, the length of one discovery cycle should be discussed and determined for overall D2D discovery evaluation. We propose that this length is supposed to be less than five seconds due to the fact of human-sense. Just think an example that if a UE do not/cannot discover the target UE at the first time, the next chance is many seconds (e.g. ten seconds) later causing people out of patience. Thus, to popularize the ProSe of D2D applications, an appropriate length of one discovery cycle is needed. Besides, the transmission times of discovery signal for one UE in a discovery period should also be discussed and determined. In the perspective of exploiting diversity gain, we suggest that there are at least two times for one UE discovery signal transmission.

Proposal 5:

Discuss the length of one discovery cycle and the times of one UE discovery signal transmission in a discovery period.

3. Conclusions
This contribution aims to discuss the use of Type 2B discovery and analyze its practical implementation. Based on the discussions and analyses stated above, we have made the proposals as follows:
Proposal 1: 
Consider a lot of devices participating discovery in proximity, Type 2B discovery has to be supported for efficient resource utilization and reliable discovery signal detection with low latency. 
Proposal 2:
Type 2B discovery is implemented with resource hopping scheme. 
Proposal 3: 
Type 1 and Type 2B resource configuration can coexist in TDM/FDM within a discovery period.  
Proposal 4: 
The size of Type 2B resource configuration is supposed to be adjusted according to the number of UEs with dedicated RRC signalling.
Proposal 5: 
Discuss the length of one discovery cycle and the times of one UE discovery signal transmission in a discovery period.
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