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Introduction
In most of the studies on relaying the impact of site planning to the performance has not been widely addressed. Therefore, since RAN1 #55 we have submitted a contribution on the impact of relay site planning on the eNB-RN link, finally discussed during RAN1 #56bis ‎[2]. It is now important to agree how to capture this impact in the technical report TR36.814 ‎[1]. 

Companies have proposed enhancements to the channel model for the eNB-RN link ‎[2]

 REF _Ref226513345 \r \h 
‎[3] exploiting site planning for relay nodes. However, different assumptions and approaches have leaded to different results. This contribution discusses the SNR based and SINR based selection criteria, showing that the latter is more accurate.  

The impact of the site planning can be reflected in a bonus on the eNB-RN path loss model and shadow standard deviation. 

Relay location strategies and performance measures
The general principle of the enhancements on the donor eNB-RN link can be visualized in the following Figure 1:


[image: image1]
Figure 1: General principle of gain on the donor eNB-RN link due to RN site selection.
This figure depicts four potential relay positions, RN1-RN4, the closest eNB on the left (eNB1), typically the serving eNB, and another eNB to the right (eNB2), typically the interfering eNB. Some of the links from the eNBs to the RNs (eNB1 to RN2, RN3 and eNB2 to RN3, RN4) are impacted by shadow fading, visualized by the houses, all 4 possible combinations of shadowing to eNB1 and eNB2 are included for clarity. 

By selecting a suitable RN location, the performance of the backhaul link can be enhanced compared to the case that a random deployment was used. As can be seen from Figure 1, both RN1 and RN4 are favourable locations with respect to eNB1 as they will enjoy a better eNB signal S and consequently also a better SINR on average. This is the essence of the SINR optimization that is also proposed in ‎[3]. Further more in order to optimize the SINR, it is also possible to select RN locations that exhibit a higher shadowing towards the (dominant) interferer, i.e. RN3 and RN4 in the figure. If the deployment was entirely noise limited, this wouldn’t have an impact, but for typical cellular deployments interference will have an impact and there is an incentive to select RN sites accordingly. Both approaches can be combined to select the candidate location with the best SINR, in the figure above this will be RN4 because it enjoys at the same time a good signal from the serving eNB1 and is less interfered by the interfering eNB2. 

Further more, while we assumed in Figure 1 that the eNB1 is always the closest one to the RN, due to shadowing it may happen that a RN will nonetheless get the strongest i.e. best signal from eNB2, if the former eNB1 is shadowed. This effect is most pronounced for RN2, because it suffers from shadowing towards eNB1 but not towards eNB2. In this case the RN may better select eNB2 as the serving eNB, similarly as a UE would do at this location. 

In the following we quantitatively evaluate the effects that were introduced in the figure above. We consider the following two relay site planning strategies:

A) RN cell selection: RN is either forced to connect to the reference eNB (A1), which is the one which would be providing the strongest signal when taking distance depended pathloss and antenna pattern into account but disregarding shadowing; or it is allowed to connect to the best eNB around, taking also shadowing into account (A2).

B) RN location selection: There is either one possible location for RN (B1) or RN location can be selected out of M alternatives.    

thus, combining these strategies there are four approaches (A1,B1), …, (A2,B2). 

We can use as a criterion for the performance measure in downlink (for each of the 4 different approaches) either SNR or SINR as follows:
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where m refers to the m-th RN candidate location and k refers to the k-th eNB. For different approaches we have k=1 corresponds to reference (closest) eNB and m=1 corresponds to reference RN.
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We note that in (A1,B1) and (A2,B1), i.e. if only a single candidate location is available, both SNR and SINR provide the same result in the selection procedure because there is only one candidate location to select from but in latter two cases we may obtain different selected locations.  

These strategies are simplified and they do not take into account the access links between RNs and UEs.
Simulation performance
Distance between initial location and 4 other candidate locations (M=5) are assumed to be 50m. Thus, we may place potential locations like shown in Figure 2.


[image: image4]
Figure 2: Example case with initial location and 4 candidate locations (M=5).
The following parameters from TR36.814 ‎[1] have been assumed in the simulations.
	Parameter
	Assumption

	Site-to-site distance 
	500m, 1732m

	Number of sites/sectors
	7/21

	Number of RNs 
	1+4 (see Fig.1)

	Distance-dependent path loss
	124.5+37.6*log10(r)

	eNB Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	RN location shadowing 
	SF created according to previously described method

	RN reference location
	Given in layout Figs

	Distance to other RN locations from the reference location
	50m

	eNB max antenna gain
	14dBi

	eNB Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 25 dB 

	eNB Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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	eNB TX power
	46dBm

	Noise power in UE
	-104dBm

	Antenna Bore-sight points toward corner of the cell
	R




We have considered three possible deployments of relay nodes, deploying relays at the cell border, closer to the cell center or in between these two extremes. Both ISDs of 500m and 1732m have been investigated for a total of 6 different scenarios.
Scenario 1

The first scenario assumes ISD 500m, the initial RN location is 300m from the central site (about 30m away from the sector border) and in bore-sight of the first cell of the central site. Figure 3 illustrates the SINR CDF for the 4 relay site planning strategies discussed in the previous section. Results obtained using SINR and SNR selection criteria are compared.
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Figure 3: CDF for SINR in RN. (A1,B1): No cell selection and no location selection (solid curve). (A2,B1): Cell selection to best eNB but no location selection (dotted curve). (A1,B2): No cell selection but location selection (dashed curves) according to SNR (o) and according to SINR (*). (A2,B2): Both cell selection to best eNB and location selection (dash-dot curves) according to SNR (o) and according to SINR (*).   

Table 1 shows the gain against reference case (A1, B1) on CDF 50%-ile. We can observe that the SNR based selection criteria underestimate the gain from relay site planning by about 2dB compared to the SINR criteria.
Table 1: Gain against reference case (A1, B1) on CDF 50%-tile

	Criterion\case
	(A2,B1)
	(A1,B2)
	(A2,B2)

	SNR
	1dB
	2.5dB
	3.2dB

	SINR
	1dB
	4.5dB
	5.2dB


Scenario 2
In the second scenario ISD is 500m, the initial RN location is 250m from the central site (about 80m away from the sector border) and in bore-sight of the first cell of the central site.
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Figure 4: CDF for SINR in RN. (A1,B1): No cell selection and no location selection (solid curve). (A2,B1): Cell selection to best eNB but no location selection (dotted curve). (A1,B2): No cell selection but location selection used (dashed curves) according to SNR (o) and according to SINR (*). (A2,B2): both cell selection to best eNB and location selection used (dash-dot curves) according to SNR (o) and according to SINR (*).   

Table 2 shows the gain against reference case (A1, B1) on CDF 50%-ile. Also in this second scenario the gain obtained using the SNR selection criteria is underestimated by about 2dB. Moreover, we start observing that having relays closer to the eNB the gain from site planning is lower. 
Table 2: Gain against reference case (A1, B1) on CDF 50%-ile
	Measure\case
	(A2,B1)
	(A1,B2)
	(A2,B2)

	SNR
	0.2dB
	2.6dB
	2.6dB

	SINR
	0.2dB
	4.6dB
	4.6dB


Scenario 3
In the third scenario ISD is 500m, the initial RN location is 170m from the central site (about in the sector center) and in bore sight of the first cell of central site.
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Figure 5: CDF for SINR in RN. (A1,B1): No cell selection and no location selection (solid curve). (A2,B1): Cell selection to best eNB but no location selection (dotted curve). (A1,B2): No cell selection but location selection used (dashed curves) according to SNR (o) and according to SINR (*). (A2,B2): both cell selection to best eNB and location selection used (dash-dot curves) according to SNR (o) and according to SINR (*).   

Table 3 shows the gain against reference case (A1, B1) on CDF 50%-ile. The difference between the gains obtained using the SINR and SNR selection criteria is smaller (as expected) if relays are closer to the eNB. Moreover, also the gain from relay site planning is lower.
Table 3: Gain against reference case (A1, B1) on CDF 50%-ile
	Measure\case
	(A2,B1)
	(A1,B2)
	(A2,B2)

	SNR
	0dB
	1.2dB
	1.2dB

	SINR
	0dB
	2.7dB
	2.7dB


Scenario 4
Figure 6 illustrates simulation results for ISD 1732m, initial RN location 1120m from the central site (about 30m from the sector border) and in bore-sight of the first cell of the central site.
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Figure 6: CDF for SINR in RN. (A1,B1): No cell selection and no location selection (solid curve). (A2,B1): Cell selection to best eNB but no location selection (dotted curve). (A1,B2): No cell selection but location selection (dashed curves) according to SNR (o) and according to SINR (*). (A2,B2): Both cell selection to best eNB and location selection (dash-dot curves) according to SNR (o) and according to SINR (*).   

Table 1 shows the gain against reference case (A1, B1) on CDF 50%-ile. The difference between the estimated gain using SINR and SNR selection criteria is 2.4dB.
Table 4: Gain against reference case (A1, B1) on CDF 50%-tile

	Criterion\case
	(A2,B1)
	(A1,B2)
	(A2,B2)

	SNR
	6.4dB
	2.6dB
	9dB

	SINR
	6.4dB
	5dB
	11.4dB


Scenario 5
Figure 7 illustrates simulation results for ISD 1732m, initial RN location 1070m from the central site (about 80m from the sector border) and in bore-sight of the first cell of the central site.
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Figure 7: CDF for SINR in RN. (A1,B1): No cell selection and no location selection (solid curve). (A2,B1): Cell selection to best eNB but no location selection (dotted curve). (A1,B2): No cell selection but location selection used (dashed curves) according to SNR (o) and according to SINR (*). (A2,B2): both cell selection to best eNB and location selection used (dash-dot curves) according to SNR (o) and according to SINR (*).   

Table 2 shows the gain against reference case (A1, B1) on CDF 50%-ile.

Table 5: Gain against reference case (A1, B1) on CDF 50%-ile

	Measure\case
	(A2,B1)
	(A1,B2)
	(A2,B2)

	SNR
	4.2dB
	2.8dB
	6.6dB

	SINR
	4.2dB
	5dB
	8.4dB


Scenario 6
Figure 8 illustrates simulation results for ISD 1732m, initial RN location 600m from the central site (about at the sector center) and in bore-sight of the first cell of the central site. 
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Figure 8: CDF for SINR in RN. (A1,B1): No cell selection and no location selection (solid curve). (A2,B1): Cell selection to best eNB but no location selection (dotted curve). (A1,B2): No cell selection but location selection used (dashed curves) according to SNR (o) and according to SINR (*). (A2,B2): both cell selection to best eNB and location selection used (dash-dot curves) according to SNR (o) and according to SINR (*).   

Table 3 shows the gain against reference case (A1, B1) on CDF 50%-ile. We can observe that the gain from relay site planning is lower if relays are placed closer to the eNB.

Table 6: Gain against reference case (A1, B1) on CDF 50%-ile

	Measure\case
	(A2,B1)
	(A1,B2)
	(A2,B2)

	SNR
	0dB
	2.7dB
	2.7dB

	SINR
	0dB
	4.3dB
	4.3dB


Conclusion

The SINR based selection criteria take into account not only the benefit with respect to improving the reception from the serving eNB but also the benefit with respect to reduction of the interfering eNBs. Therefore, assuming the SNR based selection criteria we are underestimating the gain from relay site planning in particular at the cell edges where interference is an issue and where relays are expected to be deployed predominantly.

Therefore, we propose that the bonus on path loss and shadow standard deviation should be derived applying the SINR based selection criteria. 
In scenario 3 and 6 we have a lower gain from relay site planning but we have not investigated the gain due to the increase of Line Of Sight (LOS) probability that at these distances from the eNB is probably relevant. This is left for further studies.
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