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1
Introduction
Until last meeting, RAN1 reached an agreement on the basic evaluation assumptions for the D2D discovery. This contribution shows some initial simulation results reflecting the agreed evaluation scenarios and gives some observations on D2D discovery performance.
2
Discovery procedures
This section shows basic assumptions for D2D discovery. The procedure described in the section would be the baseline of the performance evaluation which follows in the next section.

Figure 1 is showing the resource utilization for the D2D discovery assuming general D2D scenario (inside nework coverage). Resources for the D2D discovery are time multiplexed (TDM) with those for the normal WAN data transmission. Discovery happens periodically with relatively long discovery period as seen in this figure. Inside one discovery duration, each discovery resources are time-frequency multiplexed together. It is assumed that one D2D UE is using one discovery resource block (DRB) for the transmission of its discovery information. One DRB consists of one subframe and a resource block, i.e. one PRB pair. And since we agreed that D2D transmission/reception does not use full duplex on a given carrier, a UE receives discovery signals during the time frame where the UE does not transmit its discovery. For example in Figure 1, UE1 transmits its discovery using the red-colored DRB in the first subframe. This UE1 cannot receive any discovery signals in the first subframe and can only receive the signals from the second subframe in the discovery duration. Therefore, UE1 can receive the discovery signal from UE2 but it cannot receive discovery signal from UE3. 
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Figure 1: Resource utilization for the D2D discovery
For the transmission of the discovery signal, we adopted PUSCH scheme including turbo coding and QPSK modulation. Reference signal is embedded in a TDM manner. SC-FDMA is used for the multiple accesse schemes among UEs.
3
Performance evaluation
3.1 
Evaluation scenario

For the evaluation, we followed the discovery scenario described in section 2. On top of it, we added some more basic assumptions as follows
· Resource allocation: A UE can transmit its discovery signal using one DRB. There are two resource allocation schemes assumed in the evaluation:
1. Random resource allocation: for every UE, one DRB is selected randomly form nRB ( nSF, where nRB is the number of DRBs in a discovery subframe and nSF is the number of subframes in a discovery duration.

2. Uniform resource allocation: random resource allocation with the restriction that the number of UEs that are assigned in each DRB are same.
· UE behavior: Assuming the resource assignment mentioned above, each UE tries to receive and decode as many discovery signals as possible throughout the all possible DRBs, except the DRBs in the subframe where the UE is transmitting its discovery signal. 
· Performance metric: We counted the number of discovery signals that the UE can successively decode during one discovery duration.
· Channel coding for discovery: Information size is assumed as 120 bits. 24 bit CRC, 1/3 turbo code, QPSK modulation, and proper rate mathing are used for the channel coding of discovery information. Effective code rate for the discovery would be 0.5.
· Discovery resource: TDM multiplexing is used between resources for discovery and WAN as discussed in the previous section. It is assumed that there are 50 DRBs in one subframe, i.e. all PRBs are used for discovery in 10MHz system bandwidth. We did not fix the number of subframes for the discovery and we performed the simulation using various numbers of discovery subframes, i.e. from 10 subframes to 100 subframes.
· Layout options: We assumed two layout options: Option 1 and option 3. Option 1 is mandatory for general scenario and it reflects more realistic situation including enough indoor UEs. Option 3 has only outdoor UEs but it is very simple and good for initial calibration.

Other details on the evaluation assumptions are summarized in Annex A, which is in line with the current RAN1 agreement on D2D discovery evaluation. 

3.2 
Evaluation results
3.2.1

Results on Pathloss CDF
Figure 2 is showing the CDF of the path losses of all possible pairs of UEs dropped in the whole 19 cell sites of the layout. There are two curves in the figure: the layout option 1 (1 indoor hot zone per cell and 80% indoor UEs) and the layout option 3 (all outdoor UEs). We can see that there is a big gap between path loss CDF curves for option 1 and 3. This is because path loss of the indoor UE is comparatively larger than that of the outdoor UE under the same distance by experiencing high penetration loss (20 or 40dB) for the links with other UEs which are not in the same building.
Observation
· If indoor UEs are considered, UE-to-UE path loss is larger compared to all outdoor UE scenario
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Figure 2: CDF of path loss between UEs
3.2.2

Results on the number of discovered UEs
This section shows initial results for the number of discovered UEs. As discussed above, we used two different DRB selection algorithms for the transmission of the discovery signal of each individual UE. Figure 3 is showing the CDF curves of the number of UEs discovered in a discovery duration depeding on the number of allowed subframes for discovery assuming random DRB selction. And Figure 4 is assuming uinfrom DRB selection.
[image: image1.emf]...

discovery period discovery duration

1 discovery 

resource block 

(DRB)

.

.

.

...

.

.

.

UE1

UE2

f

t

UE3

given 

carrier

[image: image8.png]Pr{X<x)

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

//%

——10 subframes

=20 subframes

——30 subframes

——40 subframes

=50 subframes

——60 subframes

~———70 subframes

=80 subframes

~——90 subframes

100 subframes

100

200

300

Number of discovered UEs

400 500 600




[image: image9.png]Pr{X<x)

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

//%

——10 subframes
——20 subframes
——30 subframes
——40 subframes
=50 subframes
=60 subframes

70 subframes

———80 subframes

90 subframes

100 subframes

100

200

300

Number of discovered UEs

400

500

600





[image: image3]  
[image: image4]
(a)  Layout option 3                                (b)
 Layout option 1
Figure 3: Number of UEs discovered in one discovery duration (Random resource allocation)
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(b) Layout option 3                                (b)
 Layout option 1
Figure 4: Number of UEs discovered in one discovery duration (Uniform resource allocation)
If we see the figures, we can easily see that shapes of curves are very different between two layouts. Layout 3 is showing normal CDF shapes. However layout 1 is showing a bit strange shapes of curves. Each CDF curve has three separate parts, as shown in figure 3 (b). By interpretting the curves, we can see that the first part marked with  eq \o\ac(○,1) is from virtual indoor UEs (about 13%), second part marked with  eq \o\ac(○,2) is from indoor UEs (about 67%) that are in indoor hotspot, and the last part marked with  eq \o\ac(○,3) is from outdoor UEs (about 20%). A virtual indoor UE will be experiencing 20 or 40dB wall penetration loss for every link, so that this UE can not discover as many UEs as other UEs. An indoor hotspot UE also sees 20dB wall penetration loss for the link with UEs that are outside of the same indoor building. However, it does not experience any penetration loss for links with other UEs in the same building, which makes the indoor hotspot UE to discovery more UEs than the virtual indoor UE. On the other hand, an outdoor UE does not have any penetration loss for the links with other outdoor UEs and in addition the interference from indoor UEs is reduced by the penetration loss. Therefore the outdoor UE discovers much more UEs than indoor UEs as shown in the figures.
From Figure 3, we can see that a UE can discover more UEs when more subframes are assigned for the discovery resource. However the increase is getting smaller for the larger subframe cases. This infers that we need to select the most appropriate amount of resources for the discovery considering the discovery performance and the resource overhead, which could be an impact to WAN communications. Another observation is that the performance incases is larger for outdoor UEs by the increase of the discovery resources.
Random DRB selection could be the appropriate start point of the resource allocation algorithm for the discovery since it is simple and there would be some rooms for improvement. As can be seen in two figures, uniform DRB selection is showing better performance as expected. Uniform DRB selection makes each DRB holds same number of Tx UEs so that it can make D2D UEs more uniformly distributed thoughout the whole discovery resources than random DRB slection algoritm. The performance gain by the uniform DRB selection is more significant for outdoor UEs. However, uniform DRB selection also has the random properties, which is saying that more optimized resource allocation algorithm can give us more improvement on the performance in terms of the number of discovered UEs.
We summarized the results on the number of discovered UEs using the tables below. Table 1 is the average number of discovered UEs. Table 2, 3 are 5%-tile CDF and 95%-tile CDF of the number of discovered UEs. 
	Number of
discovery subframes 
	Layout option 3
	Layout option 1

	
	Random resource allocation
	Uniform resource allocation
	Gain (%)
	Random resource allocation
	Uniform resource allocation
	Gain (%)

	10
	376.14
	393.26
	4.55
	131.06
	141.37
	7.87

	20
	696.70
	755.44
	8.43
	158.78
	167.70
	5.62

	30
	916.71
	1011.73
	10.36
	170.42
	178.06
	4.48

	40
	1072.03
	1189.31
	10.94
	177.29
	183.76
	3.65

	50
	1180.92
	1316.36
	11.47
	180.70
	187.26
	3.63

	60
	1264.08
	1422.74
	12.55
	183.78
	189.04
	2.86

	70
	1332.19
	1496.55
	12.34
	185.47
	190.84
	2.89

	80
	1386.48
	1569.35
	13.19
	186.69
	191.74
	2.71

	90
	1427.74
	1620.88
	13.53
	188.33
	192.75
	2.35

	100
	1463.34
	1646.24
	12.50
	188.84
	193.08
	2.25


Table 1: Average number of UEs discovered in one discovery duration
	Number of
discovery subframes 
	Layout option 3
	Layout option 1

	
	Random resource allocation
	Uniform resource allocation
	Gain (%)
	Random resource allocation
	Uniform resource allocation
	Gain (%)

	10
	363
	380
	4.68
	58
	62
	6.90

	20
	676
	730
	7.99
	66
	68
	3.03

	30
	890
	973
	9.33
	68
	69
	1.47

	40
	1041
	1144
	9.89
	69
	70
	1.45

	50
	1148
	1265
	10.19
	70
	70
	0

	60
	1227
	1373
	11.90
	70
	71
	1.43

	70
	1295
	1434
	10.73
	71
	71
	0

	80
	1349
	1506
	11.64
	71
	71
	0

	90
	1389
	1559
	12.24
	71
	72
	1.40

	100
	1424
	1582
	11.09
	72
	72
	0


Table 2: 5%-tile CDF of the number of discovered UEs 
	Number of
discovery subframes 
	Layout option 3
	Layout option 1

	
	Random resource allocation
	Uniform resource allocation
	Gain (%)
	Random resource allocation
	Uniform resource allocation
	Gain (%)

	10
	389
	407
	4.63
	263
	279
	6.08

	20
	717
	783
	9.21
	356
	379
	6.46

	30
	943
	1060
	12.41
	399
	420
	5.26

	40
	1102
	1258
	14.16
	423
	443
	4.73

	50
	1214
	1398
	15.16
	438
	459
	4.79

	60
	1300
	1503
	15.62
	448
	468
	4.46

	70
	1369
	1595
	16.51
	454
	474
	4.41

	80
	1425
	1651
	15.85
	461
	480
	4.12

	90
	1466
	1712
	16.78
	466
	485
	4.08

	100
	1503
	1744
	16.03
	469
	488
	4.05


Table 3: 95%-tile CDF of the number of discovered UEs
Observations 
· Depending on the indoor-outdoor situation of the UE, a UE discovers different number of UEs:

· Number of discovered UEs: virtual indoor UEs < indoor hotspot UEs < outdoor UEs
· The more resources are assigned for discovery operation, the more UEs can be discovered, especially for outdoor UEs
· Uniform DRB selection algorithm shows better performace that random DRB selection algorithm in terms of the number of discovered UEs

· There are rooms for improving the performance by designing optimized resource selection algorithm

Proposal

· It is required to select the most appropriate amount of resources for the discovery considering the discovery performance and the resource overhead.
4
Conclusion

This contribution provides initial simulation results on D2D discovery. Some observations based on the simulation results are also provided as follows. 
Observations

· If indoor UEs are considered, UE-to-UE path loss is larger compared to all outdoor UE scenario
· Depending on the indoor-outdoor situation of the UE, a UE discovers different number of UEs:

· Number of discovered UEs: Virtual indoor UEs < indoor hotspot UEs < outdoor UEs
· The more resources are assigned for discovery operation, the more UEs can be discovered, especially for outdoor UEs
· Uniform DRB selection algorithm shows better performace that random DRB selection algorithm in terms of the number of discovered UEs

· There are rooms for improving the performance by designing optimized resource selection algorithm

Proposal

· It is required to select the most appropriate amount of resources for the discovery considering the discovery performance and the resource overhead.
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A   Evaluation assumption [1-3]
	Deployment scenario for the evaluation
	Urban Macro Scenario

	Layout
	
[image: image7.emf]
Hexagonal grid, 19 cell sites, 3 sectors per site, wrap around

Option 1: Urban macro (500m ISD) + 1 RRH/Indoor Hotzone per cell

Option 3: Urban macro (500m ISD) (all UEs outdoor) 

	Carrier frequency
	2.0GHz

	Path loss model
	Agreed assumption

	
	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 (same building)
	LOS: PL = 16.9(log10(d) + 32.8 + 20(log10(fc)
NLOS: PL = 43.3(log10(d) + 11.5 + 20(log10(fc)

	
	I2I (different buildings)
	PL = 43.3(log10(d) +11.5 + 20(log10(fc) + 40

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

except I2I different building case

	Shadowing
	I2I (same building)
	LOS: 3 dB log-normal

NLOS: 4dB log-normal

	
	O2O, O2I
	7 dB log-normal

	
	I2I (different buildings)
	10 dB log-normal

	Small scale fading
	Not applied

	Noise Figure
	9 dB

	UE TX power
	23 dBm

	UE drop
	According to agreed assumptions [2]

	In-band emission model
	Not applied

	Network synchronization
	eNBs are synchronized each other

	Discovery resources
	Frequency resources: 50 RBs

time resources: 10 – 100 subframes (10 cases)


� eq \o\ac(○,1)�





� eq \o\ac(○,3)�





� eq \o\ac(○,2)�
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