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1. Introduction
In RAN1 #73 meeting, the following two types of discovery procedure were defined for the purpose of terminology definition for use in further studies: 

•
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.
This contribution discusses design issues of discovery type 1 and 2. 
2. Discussion on type 1 discovery
In discovery type 1, discovery resource could be configured by an eNB or a scheduling node to a group of UEs. RRC idle UE could be also a member of the group for discovery type 1 because changing RRC connected mode from idle mode to transmit and receive discovery signal would cause much signaling overhead and delay. Therefore, RRC idle UE should be able to transmit and receive the type 1 discovery signal. 
Proposal 1: Both of RRC-idle UE and RRC-connected should be supported in type 1 discovery.
As discussed in our companion contribution [1], synchronization issues for discovery signal are discussed. Here, we assume that discovery signal reception timing of all UEs in the neighborhood is aligned within CP length even outside network coverage, thus FDMed discovery signals could be allowable to increase discovery capacity. 
In type 1 discovery, a time (e.g. subframe set)/frequency (e.g. RB set) resources set or multiple sets for a group of UEs can be configured by network (inside network coverage) or a UE (partial or outside network coverage) or predetermined. The time resource set can be configured periodically. When frequency resource set is configured, PUCCH region can be excluded for legacy UE operation. Figure 1 shows an example of time/frequency resource configuration for type 1 discovery. After configuring a time/frequency resource set, each UE determines its discovery transmission resource. The transmission pattern (time/frequency resource) or resource determination rule of each UE should be well determined to maximize discovery performance. To minimize performance degradation from in-band emission effect of so-called EVM shoulder and I/Q image, it is desirable that the frequency resource of every discovery signal transmission is (pseudo) randomly determined. In other words, applying frequency hopping in every discovery signal transmission could be beneficial. The hopping pattern and starting resource could be determined by UE ID.
As one simple solution, each UE can determine whether transmit its discovery signal in every discovery subframes with probability p or not. The UE listens for transmissions from other UEs with probability 1-p. The transmission probability p of the discovery signal for each UE could be controlled by the eNB inside network coverage (or a UE in outside coverage) or UE itself. The frequency resource can be chosen by interference sensing based or predetermined pattern. 
Proposal 2: In type 1 discovery procedure, discovery signal transmission pattern (or resource determination rule) of each UE in a time/frequency resource set should be further studied to maximize discovery performance.
When designing discovery signal, it is desirable to reuse or have commonality of current specified signal formats in 3GPP RAN1 spec as much as possible. For simplicity, legacy physical layer signals such as PRACH, SRS, PSS/SSS, and etc could be reused. However, the conventional signal formats were designed for eNB-to-UE link, so it may be inefficient for device discovery purpose. Especially for type 1 discovery, efficient signal format should be devised to reduce WAN impact and maximize discovery performance. As discussed in [1], guard interval for Tx/Rx switching and minimizing WAN impact should be also considered. 
If new signal format is introduced for discovery type 1, two types of discovery signal format could be considered. The first one is predetermined signature type and the second one is codeword type. For predetermined signature type discovery signal, one or more pseudo random sequence composes a discovery signal, and the seed values of pseudo random sequence can be derived from UE ID and/or other information that could be beneficial for physical operation after device discovery. A merit of the predetermined signature type of discovery signal makes non-coherent detection possible. However, the scalability of sequence type discovery signal could be worse than that of the codeword type discovery signal and the detection complexity of a large number of FDMed discovery signals could not be feasible for practical implementation. Moreover, the designing of optimized sequence format for D2D purpose may lead to much burden for progress. 
The codeword type discovery signal is generated by a FEC (forward error correction) code. Required number of REs of each discovery signal and code rate should be carefully investigated. To have commonality with UL signals, 1 or 2 RB PUSCH transmission for a discovery signal format could be considered as a baseline. Generically to decode the codeword type discovery signal, preamble or reference signal for coherent detection is needed. The sequence of reference signal could be derived from UE ID. In addition, if the codeword type discovery signal is adopted, the number of decodable discovery signals in each discovery signal subframe could be limited like the limitation of the number of PDCCH/EPDCCH blind decoding due to the limited UE processing capability. According to above discussion about the types of type 1 discovery, our observation is summarized as follows:
Observation 1: The codeword type discovery signal for type 1 discovery has more flexibility and less specification impact than those of the sequence type discovery signal. 
Observation 2: The number of decodable discovery signals in each discovery signal subframe could be limited like the limitation of the number of PDCCH/EPDCCH blind decoding due to the limited UE processing capability.
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Figure 1. an example of type 1 discovery signal resource configuration
2.1. Performance evaluation of type 1 discovery

In this section, we show evaluation results of type 1 discovery procedure. Evaluation assumptions are summarized in Appendix A. In all evaluations, we assume that the period of discovery signal subframe is 40ms, therefore, 2.5% (=1/40) WAN UL resource is used for type 1 discovery. Discovery signal transmission resource (e.g. RB) is randomly selected with a given transmission probability at every configured subframes for type 1 discovery. In all figures, “IE” denotes abbreviation of in-band emission. Figure 2 and 3 show the number of discoverable UEs vs. time and CDF of discovery range, respectively. It is assumed that maximum distance is the largest distance value among the discovered UEs within 200ms window. As shown in the results, in-band emission effect degrades discovery performance significantly. Therefore, in-band emission model should be carefully investigated. 

When the transmission opportunity (probability) of each UE is increased, but the performance metrics (# of discoverable UEs, discovery range) of discovery are reduced since the more transmission creates the more interference. To maximize the efficiency of discovery in the limited WAN resource, interference management mechanism for type 2 discovery should be further studied. Distributed (or semi centralized) power control or transmission opportunity control could be considered. Transmission resource determination of each UE can be a part of interference management schemes. 
From the evaluation results, our observations are summarized as follows:
Observation 3: In-band emission gives much impact on discovery performance, thus in-band emission model should be carefully investigated. 

Observation 4: High transmission opportunity of discovery signal does not guarantee high discovery performance. Interference management mechanism for type 1 discovery should be adopted.
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Figure 2 the number of decoded discovery signals vs. time
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Figure 3. CDF of maximum discovery range
3. Discussion on type 2 discovery
From the definition of the type 2 discovery, the resources for discovery signal transmission are allocated on a per UE specific basis. Hence, explicit and individual signaling for transmission resource allocation is needed for each UE. After indicating transmission resource allocation to a UE, the UE transmits a predetermined signal. The physical layer signal format of type 2 discovery could be different with type 1 discovery signal. To minimize specification impact, it is desirable to reuse existing UL signal format (e.g. PRACH preamble, SRS, DM RS). 
Type 2 discovery may be beneficial in accelerating the discovery time (if the network has some knowledge). The dedicated signaling for type 2 discovery could reduce discovery delay compared with type 1 discovery.
Type 2 discovery could be used to assess the feasibility of D2D communication (unicast). For example, if an eNB triggers a D2D unicast UE to transmit discovery signal with a predetermined signal format, and the unicast receiving UE can measure the signal strength of the predetermined signal and then reports it to the eNB. The eNB can determine whether the D2D unicast is feasible or not. 
The type 2 discovery may be only used for restricted discovery because the type 2 discovery requires dedicated signaling that is suitable for restricted discovery.
Based on above discussion, we summarize our observation of type 2 discovery as follows:  
Observations 5: 
· Explicit and individual signaling for transmission resource allocation is needed for each UE. 
· Existing UL signal format (e.g. PRACH preamble, SRS, DM RS) can be reused to minimize specification impact.
· Type 2 discovery may be beneficial in accelerating the discovery time 
· Type 2 discovery could be used to assess the feasibility of D2D communication (unicast)
· Type 2 discovery is suitable for restricted discovery. 
4. Summary
In this contribution, design issues for two types of discovery procedure were discussed. Following proposals and observations were made: 

Proposals for type 1 discovery:
Proposal 1: Both of RRC-idle UE and RRC-connected should be supported in type 1 discovery.
Proposal 2: In type 1 discovery procedure, discovery signal transmission pattern (or resource determination rule) of each UE in a time/frequency resource set should be further studied to maximize discovery performance.
Observations for type 1 discovery:

Observation 1: The codeword type discovery signal for type 1 discovery has more flexibility and less spec impact than those of the sequence type discovery signal. 

Observation 2: The number of decodable discovery signals in each discovery signal subframe could be limited like the limitation of the number of PDCCH/EPDCCH blind decoding due to the limited UE processing capability.

Observations for evaluation results of type 1 discovery:

Observation 3: In-band emission gives much impact on discovery performance, thus in-band emission model should be carefully investigated. 

Observation 4: High transmission opportunity of discovery signal does not guarantee high discovery performance. Interference management mechanism for type 1 discovery should be adopted.
Observations for type 2 discovery : 
Observations 5: 

· Explicit and individual signaling for transmission resource allocation is needed for each UE. 
· Existing UL signal format (e.g. PRACH preamble, SRS, DM RS) can be reused to minimize specification impact.
· Type 2 discovery may be beneficial in accelerating the discovery time 
· Type 2 discovery could be used to assess the feasibility of D2D communication (unicast)
· Type 2 discovery is suitable for restricted discovery. 
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Appendix A. Evaluation assumption
	Carrier frequency
	2GHz

	Layout
	19 sites, 500m ISD

	System bandwidth
	10MHz

	Total number of UEs
	8550=19*3*150

	UE dropping
	Uniform dropping, all outdoor (option 3)

	UE mobility
	3km/h

	UE transmission power 
	31dBm

	Synchronization
	Perfect synchronized

	Frequency offset
	400 Hz (refer to [1])

	Number of antennas
	1 Tx, 2 Rx

	Receiver type
	MRC

	discovery signal resource configuration
	# of available RB
	50 RB

	
	Discovery SF period
	40ms

	discovery signal format
	FEC
	1/3 Convolutional code

	
	modulation
	QPSK

	
	CP length 
	Normal CP (the first and the last symbols of a subframe is not used, 10 symbols are used for codeword mapping, and 2 symbols are used for DM RS) (refer to [1])

	
	# of RB
	 1

	
	Channel estimation
	MMSE

	Transmission probability
	1%, 5%, 10% 
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