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1. Introduction

This paper evaluates the range effects according to transmission power back-offs with carrier frequency offset with range [-0.37ppm~+0.37ppm] and timing offset with range [0~4us]. According to TS 22.278 [1], multiple ranges shall be supported for D2D discovery. This paper firstly shared effects from multiple transmission power back-offs to transmission range and covered area. This paper considers two mostly-used detection algorithms: matching algorithm and differential matching algorithm as simulation baseline. We generated both link-level and system-level evaluation results. In link-level performance evaluation we discovered that the differential-matching based scheme performed better than the matching only based scheme in high SNR regions. On the other hand, in system-level evaluation we found that the discovery often suffered from low SNR environment so that matching scheme can outperform the differential-matching based scheme. Performance results with sequence collisions are also shown in this paper to evaluate the robustness of matching and differential matching algorithms. We have some conclusive remarks as follows:

1. Transmission power back-offs could be considered to constraint the transmission range for D2D discovery.

2. If the performance target for D2D discovery considers to maximize the number of discovered UEs, from system level simulation point of view, low SNR region with detection error rate ranging from 0.2~0.8 may be considered as dominant SNR region and our link level target with detection error probability=0.01 might be incorrect evaluation point for D2D discovery performance.

3. Differential matching algorithm delivers more robust results comparing to matching algorithm at detection error rate = 0.01 but show some error floors below detection error rate = 0.01.

2. Matching-based and Differential-matching-based Preamble Detection Algorithms for RACH type discovery sequence
2.1. Considerations for D2D Discovery
From the agreements of D2D Discovery (AI 6.2.7.3) in RAN1 Meeting #73 [2], we consider that the resources for discovery signal transmission are allocated on a per UE specific basis (Type 2) and the resources are allocated for each specific transmission instance of discovery signals (Type 2A). We consider discovery signal with RACH type sequence. Carrier frequency offset (CFO) and timing offset (TO) introduces phase rotation issue in frequency domain. Besides, the collision issue due to overlapped preambles is also considered. These impacts to the preamble detection in the receiver are discussed.
2.1.1 ProSe Discovery Resource ID Allocation and Preamble Detection
ProSe discovery resource ID (PDRID) is allocated in the preamble. The PDRID allocation may be concentrated in a narrow band spectrum resource or distributed in a wideband spectrum resource. Here, we consider the narrowband PDRID allocation. Assume one PDRID with M Symbols ( Q Carriers spectrum resource is allocated for a D2D communication system, and there are M·Q resource elements for one PDRID, where one resource element is defined as one subcarrier ( one symbol in the spectrum resource. 
The preamble detection is the acquisition of ID configured in the PDRID. In [3], the matching-based and the differential-matching-based preamble detection methods are introduced and the phase rotation issue due to CFO and TO for the two preamble detection methods are discussed. Figure 1 shows an illustration of one PDRID allocation for the matching-based and differential-matching-based preamble detection methods. From the Figure 1, the Tx ID signal with length L will be X(u) where u=0,1,…,L-1 for L(M·Q and let the value of the other X(u) be zero for example.
The measurements for the two preamble detection methods are used to detect the ID is occupied or not. If the value of the measurement is larger than a predetermined threshold, the corresponding ID is regarded as an occupied ID and it can not be used for the other desired devices any more. Otherwise, the corresponding ID is regarded as an empty ID and it can be used for the other desired device. The measurements and the phase rotation effects of CFO and TO for the matching-based and the differential-matching-based preamble detection methods had been introduced in [3], as shown in  the Appendix sections 6.1 and 6.2, respectively.
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Figure 1.  An Illustration of One PDRID Allocation for the Matching-based and Differential-matching-based Preamble Detection Methods 
2.1.2 Collision Issue Due to Overlapped Preambles
When more than one overlapped preambles (transmitted IDs) in the same PDRID spectrum resource are received, the collision issue may degrade the performance of preamble detection. 
For 1Tx and 1Rx antenna case, the frequency domain received signal Rl[k] with a single ID can be modeled as follows, as shown in Appendix section 6.1.1,
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where Xl[k], Wl[k] and Hl[k] are the frequency domain transmitted desired ID signal, AWGN and the frequency domain channel response at l-th symbol and k-th subcarrier, respectively. In the case of 2 overlapped IDs, the frequency domain received signal Rl[k] can be modified as follows,
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where Il[k] is the frequency domain interference term, which is the product of the non-desired transmitted ID and the corresponding frequency domain channel response at l-th symbol and k-th subcarrier. When the received signal is matching or differential-matching with the desired transmitted ID, the interference caused by the other overlapped non-desired transmitted ID will result in the performance degradation.
3. Performance Evaluation
3.1. Link-level Performance Evaluation 
Performance comparisons of detection error probability (PD) between matching-based and differential-matching-based preamble detection methods with a single Tx transmitted ID and 2 equal-strength overlapped Tx transmitted IDs are evaluated over an ITU UMi channel, given a false alarm rate (PF) of 10-3. Simulation parameters and power delay profile of the ITU UMi channel are shown in Table A.1 and Table A.2 in Appendix section 6.3, respectively. The PDRID allocation is M=10 & Q=12 (10 symbols ( 12 subcarriers) and the frequency domain Tx transmitted ID sequences are the RACH type discovery sequences with length of 108 (L=108) for the two preamble detection methods, as shown in Figure 1. The small scale fading channel is the ITU UMi channel (urban micro cell for NLOS case [4]) with vehicle velocity (vcar) of 120 km/hr, and the normalized Doppler frequency defined as fd ·TU is 0.0148 where fd is the Doppler frequency and TU is the useful symbol duration. Although the agreements in AI 6.2.7.1 in [2] is that 60 km/hr for outdoor UEs in option5 and 3km/hr for all other cases, vehicle velocity of 120 km/hr in our simulation still can show the similar important results and can save a lot of simulation time. Besides, CFO is uniformly distributed between -0.37ppm and 0.37 ppm, and TO is also uniformly distributed between 0s and 4s. We adopted fixed threshold and assumed the fixed noise power. Also there is no signal transmitted for PF.  For the following simulation results, we are interested in which average SNR is required when the PD achieves 10-2.
Performance comparisons between the matching-based and differential-matching-based preamble detection methods in the cases of detecting a single ID and 2 overlapped IDs over an ITU UMi channel are shown in Figure 2. From the Figure 2, we can observe that the proposed preamble detection algorism, differential-matching, outperformed the scheme of matching only because the differential-matching-based method is robust to the phase rotation effects due to CFO and TO. In the case of detecting a single ID, there is about 3 dB SNR gain at PD=10-2. In the case of detecting 2 overlapped IDs, there is about 2 dB SNR gain at PD=10-2. Moreover, the scheme of differential-matching has about 1 dB SNR gain loss at PD=10-2 in the case of 2 overlapped IDs compared to the case of no ID overlapped. The SNR gain loss due to the interference caused by the equal-strength non-desired overlapped transmitted ID.
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Figure 2. Performance Comparisons Between the Matching-based and Differential-matching-based Preamble Detection Methods in the cases of Detecting a Single ID and 2 Overlapped IDs over an ITU UMi Channel
Observation 1: Matching algorithm suffers significant performance loss due to joint timing offset and frequency offset impact. Differential-matching performs better when PD=10-2.
3.2. System-level Performance Evaluation
3.2.1 UE Dropping Layout 
The UE dropping layout adopted in the paper is as followed. We considered option 5 as our baseline performance evaluation scenario. Each cell consists 6 UEs with 80% indoor UEs. The detail parameter settings were listed in the Appendix section 6.4.
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Figure 3. The Uniform UE Dropping 
3.2.2 The Number of UEs Being Detected
Based on the layout above mentioned, we investigated the total number of UEs beeing detected by using the two different ID acquisition algorithms. According to the simulation, the statictis showed that a UE can detect about 15-20 UEs at most. In other words, around total number with 3 times of UEs per cell with inter-site distance 1 mile (1732m).
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Figure 4. The statistics of the number of UEs being detected
Observation 2: A UE can successfully detect about 15-20 UEs, which is 3 times larger than the total number of UEs allocated in a cell, i.e. 6 UEs, with inter-site distance equal to 1 mile (1732m).
3.2.3 The Effective Discovery Range
Transmission power back-offs were evaluated in this section. We considered 0dB, 5dB, 10dB, 15dB and 20dB. Figures 5 and 6 showed coverage range decrease by half around every 10dB back-off. According to transmission range requirement depicted in TS 22.278 [1], transmission power with 10dB back-off delivering half of transmission range could be used as rule of thumb to determine transmission range. 
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Figure 5. The statistics of the effective distance for successful discovery using differential-matching based ID acquisition method with different TX signal power levels
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Figure 6. The statistics of the effective distance for successful discovery using matching based ID acquisition method with different TX signal power levels
Observation 3: As illustrated in Figure 5 and Figure 6, 10dB transmission power back-off introduces around half of transmission range decrease.
Observation 4: The system-level performance evaluation showed that matching based ID acquisition performed better than different-matching based scheme although link link-level performance result shows the reversed result at PD=10-2 .
Proposal 1: 10 and 20 dB transmission power back-off are considered to indicate medium and short transmission range for D2D discovery.
4. Conclusions

Observation 1: Matching algorithm suffers significant performance loss due to joint timing offset and frequency offset impact. Differential-matching performs better when PD=10-2.
Observation 2: A UE can successfully detect about 15-20 UEs, which is 3 times larger than the total number of UEs allocated in a cell, i.e. 6 UEs, with inter-site distance equal to 1 mile (1732m). Observation 3: As illustrated in Figure 5 and Figure 6, 10dB transmission power back-off introduces around half of transmission range decrease.
Observation 4: The system-level performance evaluation showed that matching based ID acquisition performed better than different-matching based scheme although link link-level performance result shows the reversed result at PD=10-2 .
Proposal 1: 10 and 20 dB transmission power back-off are considered to indicate medium and short transmission range for D2D discovery.
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6. Appendix
6.1. Matching-based and Differential-matching-based Preamble Detection Methods for ProSe Discovery
6.1.1 A Matching-based Preamble Detection Method for ProSe Discovery
For 1 Tx and 1 Rx antenna case, the measurement of the matching-based preamble detection method for i-th PDRID, Jmatching,i, can be expressed as follows,

[image: image9.wmf],

(,)

1

{[][]}

i

matchingill

lkID

JRkXk

L

*

Î

=×

å


where Rl[k] and Xl[k] are the frequency domain received signal and the frequency domain transmitted ID signal at l-th symbol and k-th subcarrier, respectively. “(·(” is to extract the absolute part value, “*” denotes the complex conjugate operation, L is the number of resource elements and IDi is the ID pattern allocation set (in the region of M symbols ( Q carriers as shown in Figure 1) for the i-th PDRID. And the Rl[k] can be modeled as follows,
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where Wl[k] and Hl[k] are the frequency domain AWGN and the frequency domain channel response at l-th symbol and k-th subcarrier, respectively.
For 1 Tx and 2 Rx antenna case, which is considered in AI 7.2.7 (Study on LTE Device to Device Proximity Services) in [5], the measurement of the matching-based preamble detection method for i-th PDRID, Jmatching,i, can be modified by using equal gain combining as follows,
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where Rv,l[k] is the frequency domain received signal at l-th symbol, k-th subcarrier and v-th Rx antenna for v=1,2. And the Rv,l[k] can be modeled as follows,
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where Wv,l[k] and Hv,l[k] are the frequency domain AWGN and the frequency domain channel response at l-th symbol, k-th subcarrier, and v-th Rx antenna for v=1,2, respectively.
6.1.2 A Differential-matching-based Preamble Detection Method for ProSe Discovery
For 1 Tx and 1 Rx antenna case, the measurement of the differential-matching-based preamble detection method for i-th PDRID, Jdiff-matching,i, can be expressed as follows,
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where Rl[k] and Xl[k] are the frequency domain received signal and the frequency domain transmitted ID signal at l-th symbol and k-th subcarrier, respectively. “Real{·}” is to extract the real part value, “*” denotes the complex conjugate operation, L is the number of resource elements and IDi is the ID pattern allocation set (in the region of M symbols ( Q carriers as shown in Figure 1) for the i-th PDRID. And the Rl[k] can be modeled the same as that in 1 Tx and 1 Rx antenna case in Appendix section 6.1.1
For 1 Tx and 2 Rx antenna case, which is considered in AI 7.2.7 (Study on LTE Device to Device Proximity Services) in [5], the measurement of the differential-matching-based preamble detection method for i-th PDRID, Jdiff-matching,i, can be modified by using equal  gain combining as follows,
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where Rv,l[k] is the frequency domain received signal at l-th symbol, k-th subcarrier and v-th Rx antenna for v=1,2. And the Rv,l[k] can be modeled the same as that in 1 Tx and 2 Rx antenna case in Appendix section 6.1.1.
6.2. Phase Rotation Effect due to CFO and TO for the Matching-based and Differential-matching-based Preamble Detection Methods
CFO is caused by the mismatch between the transmitter oscillator and the receiver oscillator. In this paper, we assume that the CFO is small enough and hence the inter-carrier interference (ICI) caused by the CFO can be neglected. However, the small CFO will still result in phase rotation effect. 
Moreover, in this paper, we also assume that the TO is small enough, i.e. the timing is in the range of guard interval, and hence the inter-symbol interference (ISI) will not be occurred. Also, the small TO will still result in phase rotation effect. 
Consequently, the phase rotation effect will be introduced by the CFO and TO. We will discuss the phase rotation issue for the above-mentioned matching-based and differential-matching-based preamble detection methods.
6.2.1 Phase Rotation Effect due to CFO for the both Preamble Detection Methods
For the 1 Tx and 1 Rx antenna case as an example, the phase rotation effect due to CFO in the frequency domain received signal can be expressed as follows,
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where the phase term is in exp{j·2·l·N·Ts ·f}, l is the symbol index, N·Ts is the useful symbol duration with unit of sec and f is the CFO with unit of Hz. 
With the above-mentioned phase rotation effect due to CFO in the frequency domain received signal, the measurement of the matching-based preamble detection method for i-th PDRID, Jmatching,i, can be derived as follows,
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Assume that the magnitude of Xl[k] is constant and the Hl[k] varies slowly enough in the set IDi, the phase extension of the Jmatching,i, which can be shown in Figure A.1, depends on the symbol index l for the case of Tx ID signal exists, and the phase extension range is {2·M·N·Ts ·f}. When the phase extension range is much smaller than 2, i.e. f<<1/M/(N·Ts)=fsub/M where fsub is the carrier spacing with unit of Hz, the phase rotation effect is small. When the phase extension range is lager than 2, i.e. f>1/M/( N·Ts)=fsub/M, the phase rotation effect is significant. For example, assume that the carrier frequency (fc) is 2GHz, carrier spacing (fsub) is 15KHz and CFO=1ppm mismatch, then f=2KHz and the phase rotation effect is significant if M>8. 
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Figure A.1.  An Illustration of Phase Rotation Effect due to CFO for the Matching-based preamble detection Method 
Similarly, with the above-mentioned phase rotation effect due to CFO in the frequency domain received signal, the measurement of the differential-matching-based preamble detection method for i-th PDRID, Jdiff-matching,i, can be derived as follows,

[image: image18.wmf]2

20

*

,

(,)

0                                       

                                        

         no Tx ID signal

1

Real{[][1][][1]}   Tx ID signal exists

s

i

jNTf

diffmatchingi

llll

lkID

J

XkXkHkHke

L

p

××D

-

Î

»

×--

å

ì

ï

í

ï

î


From the equation, the phase extension of the Jdiff-matching,i is independent of symbol index l and carrier index k for the case of Tx ID signal exists, and the phase rotation effect due to CFO will not influence the performance of preamble detection by using the measurement Jdiff-matching,i.
6.2.2 Phase Rotation Effect due to TO for the both Preamble Detection Methods
For the 1 Tx and 1 Rx antenna case as an example, the phase rotation effect due to TO in the frequency domain received signal can be expressed as follows,
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where the phase term is in exp{j·2·k·fsub ·t}, k is the carrier index, fsub is the carrier spacing with unit of Hz and t is the TO with unit of sec. 
With the above-mentioned phase rotation effect due to TO in the frequency domain received signal, the measurement of the matching-based preamble detection method for i-th PDRID, Jmatching,i, can be derived as follows,
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Assume that the magnitude of Xl[k] is constant and the Hl[k] varies slowly enough in the set IDi, the phase extension of the Jmatching,i, which can be shown in Figure A.2, depends on the carrier index k for the case of Tx ID signal exists, and the phase extension range is {2·Q·fsub·t }. When the phase extension range is much smaller than 2, i.e. t<<1/Q/(fsub)=TU/Q where TU=N·Ts is the useful symbol duration with unit of sec, the phase rotation effect is small. When the phase extension range is lager than 2, i.e. t>1/Q/(fsub)=TU/Q, the phase rotation effect is significant. For example, assume that the useful symbol duration TU=66.67sec, then the phase rotation effect is significant if t=4sec and Q>17.
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Figure A.2.  An Illustration of Phase Rotation Effect due to TO for the Matching-based Preamble Detection Method 
Similarly, with the above-mentioned phase rotation effect due to TO in the frequency domain received signal, the measurement of the differential-matching-based preamble detection method for i-th PDRID, Jdiff-matching,i, can be derived as follows,
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From the equation, the phase extension of the Jdiff-matching,i is independent of  symbol index l and carrier index k for the case of Tx ID signal exists, and the phase rotation effect due to TO will not influence the performance of preamble detection by using the measurement Jdiff-matching,i.
6.3. Link-level Simulation Parameters
Simulation parameters for matching-based and differential-matching-based preamble detection methods are shown in Table A.1. The small scale fading channel is the ITU UMi channel (urban micro cell for NLOS case [4]), which the power delay profile can be shown in Table A.2.
Table A.1.  Simulation Parameters for Matching-based and Differential-matching-based Preamble Detection Methods
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Table A.2.  Power Delay Profile for ITU UMi for NLOS
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6.4. System-level Simulation Parameters 
Table A.3. System-level Simulation Parameters
	Path loss model
	O2O
	PL_B1_tot = max(PLfreespace, PL_B1), where
· Winner+ B1 pathloss (PL_B1) with:

· hBS = hMS = 1.5m
· hBS’ = hMS’ = 0.8m

· LOS offset = 0 dB
· NLOS offset = -5 dB

	
	O2I
	LOS: PL_B1_tot(dout+din)+20.0+0.5(din
NLOS: PL_B1_tot(dout+din)+20.0+0.5(din-0.8(hMS,
where din for virtual indoor UE is 1.5m

	
	I2I
	PL = 43.3(log10(d/1000) + 147.4,  d in meter

	
	LOS Probability
	PLOS=min(18/d,1)((1-exp(-d/36))+exp(-d/36) 

	Shadowing
	7 dB log-normal

	Noise Figure
	9 dB

	UE TX power
	23 dBm

	Minimum distance between UE and eNB
	>=35m

	Minimum distance between UEs
	>=3m

	Total number of UEs (including active UEs) for discovery per cell area
	6 (including 1 active UE)
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(a) for a small phase rotation effect 


(b) for a large phase rotation effect 
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Bandwidth


10 MHz


Carrier spacing (fsub)


15 KHz


FFT size (N)


1024


Number of active carriers


600


Useful symbol duration (TU=N·Ts)


66.67 msec


Cyclic prefix length (Tg)


Small scale fading channel


ITU UMi for NLOS 


OFDM symbol duration (TSYM=TU+Tg)


71.37 msec


4.7 msec


Carrier frequency


2 GHz


PDRID size
(M symbols´Q carriers)


M=10, Q=12


Number of antenna


one Tx antenna and two Rx antennas
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