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1
Introduction
During last RAN1 meeting and email reflector after the meeting, in-band emission modeling was discussed and it was suggested to see its impact to D2D performance. This contribution shows some initial simulation results with and without in-band emission model and gives some observations its impact to D2D discovery performance.
2
In-band emission models
According to the email-reflector discussion on in-band emission models, both options B and C’ were agreed as working assumptions until RAN1#74. Option B and option C’ are shown in Figure 1. Option B is the model from the minimum requirement in in-band emission specified in [2] and Option C’ is more conservative model which is having -36 dBc for all in-band area. We will show some evaluation results of D2D discovery assuming two in-band emission models in the next section.
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Figure 1: Resource utilization for the D2D discovery

From Figure 1, we can see that the power of the in-band emission is comparatively low compared to the Tx power of allocated PRB. However, in D2D case, there are many links between different UEs and each link has different path loss, one link might give large interference to other links by the in-band emssion. Figure 2 is showing the case that in-band emission gives significant impact on D2D. There are two links, link 1 between Tx UE1 and Rx UE1 and link 2 between Tx UE2 and Rx UE2, and two links are using orthogonal frequency resources. However Tx UE1 is very close to Rx UE2, which makes the path loss between two UEs very small. In this case, if Rx UE2 wants to receive the signal from the Tx UE2, the inband-emission from Tx UE1 can be comparable to the recived power from the Tx UE2 or even larger if the path loss difference is comparatively large, e.g. more than 30dB. 
In D2D discovery situation, this in-band emission impact could be more significant, since it is possible that a lot of UEs are transmitting their discovery signal at the same time. How big the impact is will be discussed with some simulation results in the next section.
[image: image2.emf]Rx  UE2

Tx  UE1

Rx  UE1

Tx  UE2

large path loss

small path loss


Figure 2: In-band emission impact on D2D

3
In-band emission impact on D2D discovery performance
3.1 
Evaluation scenario

This section shows basic assumptions for D2D discovery. Figure 3 is showing the resource utilization for the D2D discovery assuming general D2D scenario (inside nework coverage). For each UE, a DRB is randomly selected for the transmission of its discovery signal. 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. Details on evaluation assumptions are described in [3] and annex A.
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Figure 3: Resource utilization for the D2D discovery

3.2 
Evaluation results
Figure 4 is showing the CDF of the number of UEs discovered during one discovery duration for various amount of discovery resources assuming no in-band emission, in-band emission model B, and in-band emission model C’. As can be seen in Figure 4-(b) and 4-(c), the CDF curves shift to the left compared to Figure 4-(a). This means that if any in-band emission model is assumed, a D2D UE cannot discover as many UEs as the case without any in-band emission modeling. The performance degradation of the in-band emission model B is bigger then model C’ since model B is more aggressive. 

And we can also see that performance degration is larger in layout option 3 than option 1. In other words, the indoor UE does not see large interference by the in-band emission compared to the outdoor UE. This is because it is not likely that path loss gap is not large enough that any in-band emission has meaningful values inside the same building. Furthermore, for indoor UEs, the in-band emission from outdoor UEs is pretty limited by the wall penetration loss.
Table 1 is the summary of the average number of discovered UEs. For all outdoor UE case (layout option 3), in-band emission option B shows significant performance degration compared to no in-band emission model. The degradation of in-band emission option C’ is about 15% less than option B. 5%-tile CDF and 95%-tile CDF have similar tendency. And also performance degradation gets smaller as the number of discovery subframes increases.
However, the results are a bit different for the case of layout option 1. Performance degradation on the average number of discovered UEs is smaller than layout option 3 because of the existence of indoor UEs. By seeing values on 5%-tile CDF and 95%-tile CDF, it can be seen that the performance degradation for indoor UEs is much smaller than that for outdoor UEs. Note that 5%-tile results represent indoor UEs and 95%-tile results represent outdoor UEs. 
Observation
· The influence of the in-band emission on the D2D discovery is very significant regardless of the in-band emission models.
· Performance degradation by in-band emission option B is much bigger than option C’.

· Performance degradation is higher for outdoor UEs than indoor UEs

[image: image4]
[image: image5]  
[image: image6]

[image: image7]
[image: image8]  
[image: image9]

[image: image10]
[image: image11]  
[image: image12]
Figure 4: CDF of number of UEs discovered in one discovery duration
	Number of
discovery subframes 
	Layout option 3
	Layout option 1

	
	No in-band Emission
	Option B

(loss in [])
	Option C’
(loss in [])
	No in-band Emission
	Option B

(loss in [])
	Option C’
(loss in [])

	10
	376.14
	73.29 [81%]
	114.74 [69%]
	131.06
	60.40 [54%]
	73.65 [44%]

	20
	696.70
	159.46 [77%]
	246.37 [65%]
	158.78
	84.61 [47%]
	101.84 [36%]

	30
	916.71
	248.88 [73%]
	379.81 [59%]
	170.42
	101.06 [41%]
	118.54 [30%]

	40
	1072.03
	338.21 [68%]
	499.25 [53%]
	177.29
	113.69 [36%]
	130.43 [26%]

	50
	1180.92
	420.79 [64%]
	608.87 [48%]
	180.70
	123.12 [32%]
	139.14 [23%]

	60
	1264.08
	501.77 [60%]
	704.40 [44%]
	183.78
	131.10 [29%]
	146.24 [20%]

	70
	1332.19
	574.35 [57%]
	787.99 [41%]
	185.47
	137.29 [26%]
	150.99 [19%]

	80
	1386.48
	640.72 [54%]
	863.45 [38%]
	186.69
	142.52 [24%]
	155.76 [17%]

	90
	1427.74
	703.50 [51%]
	924.08 [35%]
	188.33
	147.15 [22%]
	159.24 [15%]

	100
	1463.34
	760.18 [48%]
	984.86 [33%]
	188.84
	150.59 [20%]
	161.77 [14%]


Table 1: Average number of UEs discovered in one discovery duration

	Number of
discovery subframes 
	Layout option 3
	Layout option 1

	
	No in-band Emission
	Option B

(loss in [])
	Option C’
(loss in [])
	No in-band Emission
	Option B

(loss in [])
	Option C’
(loss in [])

	10
	363
	49 [87%]
	78 [77%]
	58
	40 [31%]
	47 [19%]

	20
	676
	118 [83%]
	184 [73%]
	66
	53 [20%]
	58 [12%]

	30
	890
	195 [78%]
	305 [66%]
	68
	59 [13%]
	63 [7.4%]

	40
	1041
	277 [73%]
	417 [60%]
	69
	63 [8.7%]
	65 [5.8%]

	50
	1148
	354 [69%]
	525 [54%]
	70
	65 [7.1%]
	67 [4.3%]

	60
	1227
	430 [65%]
	617 [50%]
	70
	66 [5.8%]
	68 [2.9%]

	70
	1295
	502 [61%]
	702 [46%]
	71
	67 [5.6%]
	68 [4.2%]

	80
	1349
	569 [58%]
	778 [42%]
	71
	68 [4.2%]
	69 [2.8%]

	90
	1389
	627 [55%]
	842 [40%]
	71
	69 [2.8%]
	69 [2.8%]

	100
	1424
	687 [52%]
	903 [37%]
	72
	69 [4.2%]
	70 [2.7%]


Table 2: 5% CDF number of UEs discovered in one discovery duration
	Number of
discovery subframes 
	Layout option 3
	Layout option 1

	
	No in-band Emission
	Option B

(loss in [])
	Option C’
(loss in [])
	No in-band Emission
	Option B

(loss in [])
	Option C’
(loss in [])

	10
	389
	101 [74%]
	157 [60%]
	263
	93 [65%]
	135 [49%]

	20
	717
	206 [71%]
	312 [56%]
	356
	170 [52%]
	225 [37%]

	30
	943
	307 [67%]
	460 [51%]
	399
	222 [44%]
	280 [30%]

	40
	1102
	404 [63%]
	584 [47%]
	423
	262 [38%]
	317 [25%]

	50
	1214
	492 [59%]
	696 [43%]
	438
	291 [34%]
	342 [22%]

	60
	1300
	577 [56%]
	796 [39%]
	448
	314 [30%]
	362 [19%]

	70
	1369
	648 [53%]
	876 [36%]
	454
	331 [27%]
	377 [17%]

	80
	1425
	716 [50%]
	950 [33%]
	461
	347 [25%]
	389 [16%]

	90
	1466
	781 [47%]
	1010 [31%]
	466
	359 [23%]
	399 [14%]

	100
	1503
	836 [44%]
	1067 [29%]
	469
	368 [22%]
	406 [13%]


Table 3: 95% CDF number of UEs discovered in one discovery duration
4
Conclusion
This contribution discusses in-band emission impact on D2D discovery and provides some observations based on some simulation results. From the simulation, we could see that the in-band emission gives significant impact on D2D discovery performance. Additionally we can also infer that in-band emission of the D2D discovery can give significant impact to WAN communication if they are multiplexed in the same subframe.

The followings are our observations and proposals based on our discussions.
Observations
· The influence of the in-band emission on the D2D discovery is very significant regardless of the in-band emission models.

· Performance degradation by in-band emission option B is much bigger than option C’.
· Performance degradation is higher for outdoor UEs than indoor UEs
Proposals
· In-band emission should be considered for all D2D evaluation. Especially, any possible impact on WAN communication by the in-band emission of D2D should be thoroughly analized.
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A   Evaluation assumption

	Deployment scenario for the evaluation
	Urban Macro Scenario

	Layout
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Option 1: Urban macro (500m ISD) + 1 RRH/Indoor Hotzone per cell [1]
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), where

	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

	RSRP calculation
	UE Tx power – (Path loss + Shadowing)

	Noise Figure
	9 dB

	UE TX power
	23 dBm

	UE drop
	According to agreed assumptions

	In-band Emission
	Not applied

	Network synchronization
	eNBs are synchronized each other

	Discovery resources
	Frequency resources: 50 RBs

time resources: 10 – 100 subframes (10 cases)


(a) No in-band emission





(b) In-band emission model B








(c) In-band emission model C’
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