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1. Introduction

In RAN 1 #74 meeting, following agreements about D2D discovery were made: 

Agreement:

· Periodic 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 the message or sequences are FFS

· FFS if the signal transmitted is SC-FDM or OFDM
This contribution addresses the methods of resource allocation and UE behavior for D2D Discovery.
2. Discovery signal configuration
Basic unit of a discovery signal

In RAN1#74 meeting, it was agreed having an working assumption that the number of  information bits for discovery signal is 104. As discussed in [1], if the modified PUSCH format is assumed, where the first and the last symbol of discovery subframe is not used for discovery codeword mapping, the coding rate of discovery signal is about 0.43. It seems rather large coding rate to ensure sufficient discovery range. Therefore, it seems that 2RB (coding rate is about 0.22) can be a basic unit for a discovery signal. To allocate 2 (or more) RBs for discovery signal, following methods can be considered: 

1) 1 RB repetition: For simply obtaining SNR gain, 1 RB discovery signal can be repeated in time or frequency resource. When time repetition is applied, frequency shifting can be used to obtain frequency diversity. In this case, the effective coding rate can be a half of 1RB discovery signal. However, the repetition coding is not optimized coding scheme that may result in achieving small performance improvement.
2)  Fixed 2RB as discovery signal basic unit: To reduce coding rate, a contiguous 2RB is considered as a discovery signal basic unit. 
3) Support multiple aggregation level: 1 RB discovery signal is considered as a aggregation level (AL) 1, two-RB discovery signal can be considered as AL 2.
Note that regarding 2RB allocation not only frequency domain allocation but also time domain (consecutive or frequency hopped) allocation can be considered.
As discussed so far, the size of discovery signal basic unit depends on the number of information bits for discovery. If the bit size is large, a discovery signal should be comprised of multiple RBs to ensure sufficient code rate. How to allocate multiple RBs to make a discovery signal needs to be further studied, To exactly specify the design of discovery signal, the exact number of information bits for discovery should be determined. Therefore, we propose to send LS for discovery signal information bit size to the other working groups. In addition, we also ask to other working group whether the multiple size of information bits would be possible.  
Observation1 : For 104 bits of discovery signal information size, 1 RB allocation has too high coding rate, thus 2RB allocation can be considered. 
Proposal 1: If the number of  information bits for discovery signal is large, a discovery signal should be comprised of multiple RBs. How to allocate multiple RBs to make a discovery signal is FFS.

Proposal 2: We propose to send LS for discovery signal information bit size to the other working groups. In addition, we also ask to other working group whether the multiple size of information bits would be possible.
Slot hopping

To alleviate the near-far problem, slot hopping within a discovery signal unit can be considered. If one discovery signal is received at a much higher power than the other discovery signals, this will create significant inband emissions that could block the discovery signal of weaker users. If slot hopping is applied, each slot has different inband emission interference and averages its inband emission interference especially for so-called EVM shoulder and I/Q image. The slot hopping could also bring more frequency diversity. 
Observation 2: Slot hopping could be beneficial to alleviate inband emission interference. 
3. UE behavior for discovery resource transmission and reception 
Per-UE resource selection

After configuring a time/frequency resource set, each UE determines its discovery transmission resource. It is desirable that eNB configures discovery signal transmission probability of a group of UEs 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. 
Discovery signal transmission power setting
The transmission power of discovery signal can be configured by eNB. 
Discovery signal decoding complexity 
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. If a fixed length of convolutional code is adopted for discovery signal coding scheme, the number of discovery signal blind decoding is similar to the number of PDCCH blind decoding.
Observation 3: It is desirable that eNB configures discovery signal transmission probability and discovery signal transmission power of a group of UEs to maximize discovery performance.
Observation 4: 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
4. Evaluation results 
We compare 1RB discovery signal unit with 2RB discovery signal unit. For the 2RB discovery signal unit, consecutive allocation in frequency domain is assumed. 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 discovery. Discovery signal transmission resource is randomly selected with a given transmission probability at every configured subframes for discovery. For fair comparison, the transmission probability of 2RB is set to a half of that of 1RB. Figure 1 and 2 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 all evaluation results, discovery signal with 2RB outperforms 1RB allocation in terms of discovery range and number of discoverable UEs. The 2RB allocation has advantageous for lower coding rate and lower inband emission interference than those of 1RB allocation, but effective discovery resource is reduced. The evaluation results imply that the robustness of discovery signal dominates the performances. Also we observe that there is a tradeoff between the saturated number of discovered UEs and the initial increment of the discovered UE according to the change of transmission probability. The transmission probability determines the average interference level and discovery range in discovery. For the a low transmission probability, large discovery range is achieved due to the low interference level, but the number of initially discovered UEs can be small since there are not much UEs transmitting discovery signal within discoverable range. On the other hand, for a higher transmission probability, the number of initially discovered UEs can be larger since the number of discovery signal transmitting UEs within discoverable range is larger, but the saturated number of discovered UEs would be decreased because the discoverable range is reduced due to the higher interference environment.
To maximize the efficiency of discovery in the limited WAN resource, interference management mechanism for discovery should be further studied. Transmission power setting and 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 5: Discovery signal with 2RB outperforms 1RB allocation in terms of discovery range and number of discoverable UEs.
Observation 6: There is a tradeoff between the saturated number of discovered UEs and the initial increment of the discovered UE according to the change of transmission probability.
Based on evaluation results and the observations in UE behavior, we make a following proposal:

Proposal 3: Network should configure the discovery signal transmission probability properly. 
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Figure 1 the number of decoded discovery signals vs. time
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Figure 2 CDF of maximum discovery range

5. Conclusion
In this contribution, we discussed discovery signal resource allocation and UE behavior. Following observations and proposals were made:
Observation 1: For 104 bits of discovery signal information size, 1 RB allocation has too high coding rate, thus 2RB allocation can be considered. 
Observation 2: Slot hopping could be beneficial to alleviate inband emission interference. 
Observation 3: It is desirable that eNB configures discovery signal transmission probability and discovery signal transmission power of a group of UEs to maximize discovery performance.
Observation 4: 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
Observation 5: Discovery signal with 2RB outperforms 1RB allocation in terms of discovery range and number of discoverable UEs.
Observation 6: There is a tradeoff between the saturated number of discovered UEs and the initial increment of the discovered UE according to the change of transmission probability.
Proposal 1: If the number of  information bits for discovery signal is large, a discovery signal should be comprised of multiple RBs. How to allocate multiple RBs to make a discovery signal is FFS.
Proposal 2: We propose to send LS for discovery signal information bit size to the other working groups. In addition, we also ask to other working group whether the multiple size of information bits would be possible. 

Proposal 3: Network should configure the discovery signal transmission probability properly.
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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

	Discovery synchronization
	Perfectly synchronized

	Frequency offset
	200 Hz 

	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
	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) (refer to [1])

	
	# of RB
	 1 or 2

	
	Channel estimation
	MMSE

	Transmission probability
	1%, 5%, 10%, 20%  for 1 RB and 0.5%, 2.5%, 5%, 10% for 2RB



