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1 Introduction

As per the guidance in [1], RAN4 has been requested to consider time-domain and power setting solutions to mitigate interference in heterogeneous deployments of macro-femto or macro-pico scenarios.  In particular if femto-cells or Home eNB (HeNB)s are operating in a closed subscriber group (CSG) mode, autonomous power control setting at the HeNB can be employed to mitigate interference by the HeNB to the macro UE (MUE). In [2], a set of principles  were  proposed as a framework to specifying restrictions on the HeNB transmit power under a closed subscriber scenario (CSG). Subsequently in [3] a set of simulation assumptions for the evaluation of the performance and impact to macro networks of HeNB’s with autonomous power setting under CSG conditions was proposed. This contribution discusses performance aspects related to specifying the transmit power of the HeNB is a CSG scenario in order to mitigate downlink interference to a non-CSG macro UE consistent with the principles of [2] and the simulation assumptions of [3].
2 Background: summary of discussion in RAN4

In the context of Release 9, a number of interference mitigation schemes have been investigated in [4] and [5] for HeNB deployments in a macro network, including power control solutions at the macro network and the HeNB. The approaches investigated include: power control setting based on HUE measurements; power control based on interference measurements from the macro eNB; and HeNB power control based on HeNB to macro eNB path loss. In conjunction with the path loss estimate, a configurable offset based on the propagation conditions was also investigated. 
The notion of autonomous power control setting at a HeNB for a CSG scenario has previously been investigated in a number of contributions in RAN4 and technical reports [2-11]. Methods investigated include proactive and reactive HeNB power setting schemes based on use of network mode listening (NML) of the strongest co-channel macro interferer. Analysis of this approach has shown a reduction in MUE outage from 18% with no power control setting, to less than 4% with HeNB power control setting.  In [7] a similar autonomous power control setting approach is proposed based on the strongest received power level of a macro eNB received at the HeNB. In [8] the performance of HeNB power setting schemes based on HUE measurement or NML is also investigated. Simulations show a 5% MUE SINR improvement of up to 20 dB with network listening at the HeNB.
Based on discussion at RAN4 #57 the following way forward was adopted [13]
1. Power setting requirements should not imply or mandate any specific power setting algorithm to ensure network implementation flexibility 

2. Power setting can be based on e.g. internal HeNB measurements and/or existing HUE measurement reports. 

3. Proposal to include a general description (based on 1 & 2) of Power settings into Annex of TS36.104 as Informative is FFS

4. Proposal to include Power setting requirements in the Core part of TS36.104 is FFS

3 Scope of Discussion
Consistent with the WF in [12] this contribution investigates the specification of the DL HeNB transmit power causing interference to the DL of a macro UE in a CSG scenario. This is a well known interference problem as illustrated in Figure 1.

[image: image1.emf]-100 -50 0 50

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Macro UE DL SINR

cdf

Macro UE Interference from HeNB = 20 dBm

 

 

No HeNB

HeNB drop prob =0.5


Figure 1: HeNB DL interfering with the DL of a macro UE.

For macro UEs that are near the cell edge of the macro cell and in close proximity to the HeNB, an effective coverage hole for the macro UE (MUE) can exist due to the near-far problem between the macro eNB and HeNB relative to the MUE. As such, the HeNB power specifications should limit the maximum output power of the HeNB in the presence of co-channel transmissions by a macro eNB to a MUE in a CSG scenario. As discussed above, this specification will not include a specific power optimization algorithm. This contribution investigates through simulation the co-channel interference as a function of a number of metrics including the MUE RSSI and SINR versus relative HeNB to MUE distance. These metrics are parameterized relative to the HeNB transmit power and the number of HeNBs deployed per macro cell. From these results the probability of coverage holes or outage of the MUE can be derived as a function of the HeNB transmit power, number of HeNBs per macro cell and relative distance between the MUE and the nearest HeNB. Subsequently a specified rated output power (PRAT) of the HeNB can be derived based upon an agreed MUE outage probability.
The simulation methodology is based on the simulation assumptions defined in [3] in combination with the approach defined in [14] and [15]. HeNB’s are assumed to be distributed within the macro cell by deploying a single dual strip model of an apartment building at a range of 1.2 macro cell radii from the serving macro-cell. Between 0.025 and 0.5 of the apartments within the dual strip are assumed to be populated with HeNBs. MUE’s are randomly dropped in the macro cell with 20 MUEs dropped per snapshot and up to 80% (i.e. 0 to 16 MUEs) being dropped within the indoor dual strip apartment block.
A worst case scenario of macro and HeNB interference is assumed for which 100% reuse of RBs in the macro network between eNBs is modelled and 100% reuse of RBs is also assumed for each deployed HeNB. Both the number of HeNBs and the transmit power of the HeNB has been parameterized in the simulation to investigate their impact on the SINR seen by the MUE. Further details of the assumptions employed are provided in Appendix A. Also included in the analysis, for reference purposes, are results for which the HeNBs are assumed to be randomly dropped within the macro-cell as was investigated in [16], in which nominally 10 HeNBs were assumed to be randomly distributed throughout the  macro cell each, with a transmit power of 20 dBm.
4 Simulation Results

Figures 2 and 3 illustrate the geometry of the MUE users for case I (i.e. a macro cell ISD of 500m) in which 80% of the non-CSG MUEs are indoors within the dual strip apartment CSG coverage region of the HeNBs, for HeNB transmit powers of 20 and 0 dBm respectively. From these geometry curves it can be seen that for this use case the impact to the MUE can be very significant with a degradation on the order of 20 dB or more at 5 to 10 percentile throughput cases. In many cases this will result in the MUE being in an outage condition. Figure 4 illustrates the corresponding outage percentages as a function of HeNB transmit power for, assuming SINR thresholds of -5, -10 and -15 dB respectively. A similar outage plot is illustrated in Figure 5 for the case of 25% of the MUEs being indoor within the dual strip apartment block and Figure 6 the corresponding outages for 10% of the MUEs being indoors. Note that in Figures 4, 5 and 6, the percentage outage is plotted as a fraction between 0 and 1.
Based on the MUE SINR with and without deployment of the HeNB overlay network, in addition to the geometry and outage results in Figures 2 to 6, the average and 5% throughput loss of the MUE has been quantified as a function of the HeNB transmit power for a variety of use cases as is illustrated in Figures 7 through 16. The average throughput loss for  case I propagation deployments (macro cell ISD of 500 meters) is provided in Figures 7 to 10, whereas case 3 macro propagation deployment results (macro ISD of 1732 meters)  in Figures 11 to 13. The number of HeNBs has been varied within the probability range of 0.025 to 0.5 per apartment within the dual strip as per the assumptions of [3].  The calculation of the throughput is based on the truncated Shannon bound approach as defined in Appendix A.2 of [13]. No power control at the HeNB or other interference mitigation steps have been assumed in the results of Figures 7-13.  Figure 7 provides a benchmark performance with a single dual strip deployment and 10 HeNBs dropped with the dual strip, with all macro UEs deployed outside the dual strip. Figure 8 provides the throughput degradation under the same conditions except that 20 % of the MUE’s are deployed within the dual strip. The results in Figure 9 employ the same assumptions as Figure 8, except that only 2 HeNB’s are dropped in the dual strip apartment block. Figure 10 provides case 1 results with 5 HeNBs randomly deployed in the dual strip and 10% of the MUEs deployed within the dual strip. Figure 11 provides benchmark throughput degradations results for the case 3 macro deployment with 20 HeNBs deployed in the dual apartment strip and all MUEs deployed outdoors. Figures 12 and 13 provide case 3 throughput degradation curves with 10 HeNB randomly deployed in the dual strip with 10% and 5% respectively, of the MUEs deployed within the dual strip. Figures 14 and 15 from [16] provide reference performance for 10 randomly deployed HeNBs for case 1 and case 3 propagation models respectively, as a function of HeNB transmit power. Figure 16 from [16] provides a reference for performance with randomly deployed HeNBs with a fixed transmit power of 10 dBm as a function of the number of HeNB’s deployed for macro propagation case1. Figure 17 provides results on the aggregate throughput of MUE and HUEs in a case 1 macro cell deployment with a single dual strip with 25% of the MUEs indoors in the dual strip and a 0.5 drop rate of the HeNB in the dual strip apartments. The average MUE throughput with no HeNB dual strip present was 1.57 Mbps.
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Figure 2: Geometry of SINR as seen by the non-CSG MUEs with 80% of the MUE located indoors within the dual strip coverage area. The probability of an HeNB being present in one of the dual strip apartments is 50%. The HeNB transmit power is 20 dBm.
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Figure 3: Geometry of SINR as seen by the non-CSG MUEs with 80% of the MUE located indoors within the dual strip coverage area. The probability of an HeNB being present in one of the dual strip apartments is 50%. The HeNB transmit power is 0 dBm.
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Figure 4: HeNB transmit power versus  MUE outage (as a probability between 0 and 1) for thresholds of -5, 10 and -15 dB. 80% of MUEs in CSG and 0.5 HeNB drop rate. Case1. 

[image: image4.emf]0 5 10 15 20

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

HeNB Tx Power [dBm]

 % DL MUE outage

HeNB Power vs MUE Outage Percentage

 

 

-5 dB SINR

-10 dB SINR

-15 dB SINR


Figure 5: HeNB transmit power versus MUE outage (as a probability between 0 and 1) for thresholds of -5, 10 and -15 dB. 25% of MUEs in CSG and 0.5 HeNB drop rate. Case1. 
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Figure 6: HeNB transmit power versus MUE outage (as a probability between 0 and 1) for thresholds of -5, 10 and -15 dB. 10% of MUEs in CSG and 0.5 HeNB drop rate. Case1. 
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Figure 7: Average and 5-percentile macro UE throughput loss as a function of HeNB transmit power. 10 HeNBs are assumed to be randomly deployed within the dual strip apartment model per macro cell. Propagation case 1 deployment of the macro cell is assumed. All  MUE’s are assumed to be outside the dual strip, i.e., outdoors.
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Figure 8: Average and 5-percentile macro UE throughput loss as a function of HeNB transmit power. 10 HeNBs are assumed to be randomly deployed within the dual strip apartment model per macro cell. Propagation case 1 deployment of the macro cell is assumed. 20% of MUE’s are assumed to be within the dual strip, i.e., indoors, with additional 20 dB loss.
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Figure 9: Average and 5-percentile macro UE throughput loss as a function of HeNB transmit power. 2 HeNBs are assumed to be randomly deployed within the dual strip apartment model per macro cell. Propagation case 1 deployment of the macro cell is assumed. 20% of MUE’s are assumed to be within the dual strip, i.e., indoors, with additional 20 dB loss.
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Figure 10: Average and 5-percentile macro UE throughput loss as a function of HeNB transmit power. 5 HeNBs are assumed to be randomly deployed within the dual strip apartment model per macro cell. Propagation case 1 deployment of the macro cell is assumed. 10% of MUE’s are assumed to be within the dual strip.
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Figure 11: Average and 5-percentile macro UE throughput loss as a function of HeNB transmit power. 20 HeNBs are assumed to be randomly deployed within the dual strip apartment model per macro cell. Propagation case 3 deployment of the macro cell is assumed. All MUE’s are assumed to be outdoors.

[image: image11.emf]0 2 4 6 8 10

20

30

40

50

60

70

80

90

100

110

HeNB Tx Power [dBm]

 % DL Throughput Loss

HeNB Power vs Macro UE Throughput Loss

 

 

5-percentile loss

average loss


Figure 12: Average and 5-percentile macro UE throughput loss as a function of HeNB transmit power. 10 HeNBs are assumed to be randomly deployed within the dual strip apartment model per macro cell. Propagation case 3 deployment of the macro cell is assumed. 10% of MUE’s are assumed to be indoors.
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Figure 13: Average and 5-percentile macro UE throughput loss as a function of HeNB transmit power. 10 HeNBs are assumed to be randomly deployed within the dual strip apartment model per macro cell. Propagation case 3 deployment of the macro cell is assumed. 5% of MUE’s are assumed to be indoors.
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Figure 14: Average and 5-percentile macro UE throughput loss as a function of HeNB transmit power. 10 HeNBs are assumed to be randomly deployed per macro cell. Propagation case 1 deployment of the macro cell is assumed.
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Figure 15: Average and 5% Macro UE throughput loss as a function of HeNB transmit power. 10 HeNBs are assumed to be randomly deployed per macro cell. Propagation case 3 deployment of the macro cell is assumed.
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Figure 16: Average and 5% Macro UE throughput loss as a function of the number of HeNBs deployed per Case 1 macro cell. The HeNB transmit power is assumed to be 10 dBm, which is fixed i.e. no power adjustment is performed. 
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Figure 17:  Total aggregate throughput of MUE and HUEs in the macro area in a case 1 macro cell deployment with a single dual strip with 25% of the MUEs indoors in the dual strip and a 0.5 drop rate of the HeNB in the dual strip apartments. The average MUE throughput with no HeNB dual strip present was 1.57 Mbps. The DL throughput has been normalized to 1 RB
5 Discussion of Results
The geometry curves of Figures 2 and 3 illustrate the fact that for cell edge MUEs the presence of a dual strip CSG HeNB can degrade the 5 to 10 percentile throughput of the MUEs by over 20 dB if 80% of the MUEs are indoors within the dual strip CSG HeNB coverage area. The impact of this degradation in SINR can be seen in the outage curves of Figure 4 for the use case with 80% of the MUEs being indoors within the dual strip. From Figure 4 it can be seen that even with a very aggressive outage threshold of -15 dB SINR, the HeNB transmit power has to be reduced to 0 dBm to achieve an outage of 5%. For a more realistic outage threshold of -5 dB, the outage is nearly 15% even with a HeNB transmit power of 0 dBm. Corresponding MUE outage curves are provided in Figures 5 and 6 for 25% and 10% of the MUE being located within the dual strip CSG HeNB coverage. It can be seen that it is necessary to reduce the HeNB transmit power to be below 10 dB to guarantee that the outage probability is less than 5 percent for an SINR outage threshold of -5 dB.
The throughput degradation curves in Figure 7  illustrate that for a case 1 macro deployment with no MUE’s within the dual strip apartment block, that the degradation in MUE throughput can be kept below 5% for both the 5 percentile and average throughputs if the HeNB transmit power is bounded to within 10 dBm. However as can be seen from Figures 8, 9 and 10, if MUE’s are present within the dual strip apartment block, the degradation in both average and 5 percentile throughput of the MUE’s can be very severe. From Figure 8 it can be seen that with 20% of the MUE’s present in the dual strip apartment block, that even with only a transmit power of 0 dBm for the HeNB, the average MUE throughput degradation is 7% and the 5 percentile throughput degradation is over 25%. Reducing the number of HeNBs within the dual strip to 2 with 20% (i.e. 4 per drop) of the MUE’s indoor as illustrated in Figure 9, provides improved performance, however even with a 0 dBm HeNB transmit power, the MUE 5-percentile throughput degradation is still greater than 5%. Figure 10 illustrates the performance with 10% of the MUEs deployed indoors within the dual strip apartment block (i.e. 2 per drop) and with 5 HeNBs deployed with the dual strip. Again even with a transmit power of 0 dBm the 5 percentile throughput loss exceeds 10%.
Figures 11 to 13 illustrate corresponding results for case 3 macro deployments. From Figure 11 it can be seen that even with no MUEs within the dual strip, a target degradation of 5 % can only be met with a transmit power of 5 dBm for the average throughput and 0 dBm for the 5 percentile throughput. If MUE’s are deployed within the dual strip apartment block, even with a reduction in the number of HeNBs to 10, the average and 5 percentile throughput loss still exceeds 5% at a transmit power of 0 dBm, as is illustrated in Figures 12 and 12 for 2 and 1 MUE indoors respectively. The larger degradation seen for the case 3 deployment is due to two factors, namely; that the number of HeNB’s deployed is on average a factor of 2 larger than in case 1, since the assumed dual strip for case 3 is twice as long, and furthermore, MUEs are on average further from the serving macro eNB, and thus more susceptible to a near-far problem relative to the HeNBs.
A valid question is whether the loss in MUE throughput from an aggregate macro cell perspective is compensated for by increase throughput in the HeNB dual strip region. Figure 17 illustrates the total DL aggregate throughput of the combined MUEs and HeNB UEs as a function of the HeNB transmit power with 4% of the MUEs located indoor. The total aggregate throughput consists of the throughput of all MUEs plus the throughput of the HUEs within the dual strip, for a fixed total number of deployed UEs. It can be seen that the total aggregate throughput degrades with increasing HeNB power, since the degradation in MUE throughput is not fully compensated for the increase in HeNB throughput. As benchmark comparison point the macro cell throughput with no dual strip HeNB present was on average 1.58 Mbps for this simulation. For this analysis the DL throughput has been normalized to 1 RB of bandwidth.

Table 1 below summarizes the required transmit power reduction of the HeNB to meet a target loss of 5% or less for both the average and 5 percentile throughputs for the use cases of Figures 2 to 10. It can be readily seen that the impact on MUEs that are within the indoor coverage area of the HeNB’s is severe and would require reducing the HeNB transmit power to less than 0 dBm to fully mitigate the problem. As a preliminary recommendation, the HeNB transmit power should be less than 5 dBm in the presence of a co-located indoor MUE’s.
Table 1: Summary of Use Cases from Figures 2 to 10
	Macro Cell Propagation Case

	Number and type of HeNBs deployed 
	% of MUEs indoors
	HeNB transmit power limit to achieve a throughput loss of 5% [dBm]

	
	
	
	In average over MUEs
	For 5%-ile of MUEs

	1
	10 dual strip
	0
	20
	10

	1
	10 random
	0
	20
	10

	1
	10 dual strip
	20
	< 0
	< 0

	1
	2 dual strip
	20
	0
	< 0

	1
	5 dual strip
	10
	4
	< 0

	3
	20 dual strip
	0
	14
	0

	3
	10 random
	0
	17
	5

	3
	10 dual strip
	(2)10
	< 0
	< 0

	3
	10 dual strip
	(1)5
	< 0
	< 0


6 Conclusion and Recommendations
This contribution has investigated the performance impact of the deployment of CSG HeNBs on the throughput degradation of non-CSG MUEs. It has been shown that under full RB re-use between the HeNBs and the macro network, even for a modest number of 10 HeNBs deployed in a dual strip apartment block as an overlay on a macro network with a case 1 (ISD of 500), and each HeNB transmitting with a power of 20 dBm, that the average and 5 percentile DL throughput degradation of the MUE greatly exceeds a recommended degradation threshold of 5 percent if any MUEs are within the indoor coverage area of the dual strip. For a deployment with 10 HeNBs per macro cell, in order to reduce the MUE DL throughput degradation to 5% on average due to HeNB CSG deployments, it is recommended that the HeNB power be reduced to at least 5 dBm in the presence of an indoor MUE.
It is further recommended that in order to derive an effective HeNB transmit power specification to ensure robust MUE DL performance in the presence of deployed HeNBs that. 
a) RAN4 agrees upon a target DL MUE outage condition in terms of the SINR as seen by the MUE from all HeNB interfering sources.
b) RAN4 agrees upon a target macro coverage outage condition as a percentage of the overall macro cell area.
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8 Appendix A: Simulation Assumptions

Table A-1. MeNB Simulation Assumptions
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 3 sectors per site, reuse 1.

	System bandwidth
	10MHz

	Inter-site distance
	500 m, 1732 m

	Number sites
	19sites (=57 cells) 

	Shadowing standard deviation
	8 dB, 10dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Auto-correlation distance of Shadowing
	50m

	BS antenna gain (after Cable loss)
	14 dBi

	Antenna pattern (horizontal)
	eNB antenna pattern: 3 sectorized antenna elements with 14dBi gain. UE antenna pattern: Omni

	UE Antenna gain
	0 dBi

	Number of macro BS Tx antennas
	1 

	Number of HeNB Tx antennas
	1 

	Number of UE receive antennas 
	1

	Total Macro BS TX power (Ptotal)
	46 dBm

	UE power class
	23 dBm (200 mW)



	UE Noise Figure
	9 dB

	Inter-cell Interference Modelling
	Explicit modelling (all cells occupied by UEs)

	UE distribution
	UEs dropped with uniform density within the indoors/outdoors macro coverage area, subject to a minimum separation to macro and HeNBs.

	Minimum distance between UE and cell
	>= 35 m  

	Probability of Macro UE being indoors 
	80%


Table A-2: HeNB Simulation Assumptions

	Parameter
	Assumption

	HeNB Cell Layout
	Dual Strip (See Figure 1)

	HeNB Spectrum
	Same frequency as MeNB

	Min Separation MUE (or HUE) to HeNB
	3m

	HeNB Antenna Pattern
	Omni

	HeNB antenna gain (after Cable loss)
	5 dBi

	Shadowing standard deviation
	To HUE: 4 dB
To MUE: 8 dB

	HeNB Tx power (Ptotal)
	20 dBm

	Number of Dual Strip per Sector
	1

	Number of HUE per HeNB
	1

	K (number of cells per column )
	2

	N (number of cells per row )
	5 for ISD 500m and 10 for ISD 1732m

	L (number of floors per block)  
	1

	Probability active HeNB in apartment
	[0.025 – 0.5]


Table A- 3: Path Loss Model 

	Cases
	Path Loss (dB)

	UE to macro BS
	(1) UE is outside 
	PL (dB) =15.3 + 37.6log10R, R in m

	
	(2) UE is inside an apt
	               PL (dB) =15.3 + 37.6log10R + Low, R in m

	UE to femto
	(3) Dual-stripe model: UE is inside the same apt stripe as femto
	  PL (dB) = 38.46 + 20 log10R + 0.7d2D,indoor+ 18.3 n ((n+2)/(n+1)-0.46)  + q*Liw
R and d2D,indoor are in m

n is the number of penetrated floors

q is the number of walls separating apartments between UE and femto

In case of a single-floor apt, the last term is not needed

	
	(4) Dual-stripe model: UE is outside the apt stripe
	PL (dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low
R and d2D,indoor are in m

q is the number of walls separating apartments between UE and femto 

	
	(5) Dual-stripe model: UE is inside a different apt stripe
	PL(dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low,1 + Low,2 

R and d2D,indoor are in m

q is the number of walls separating apartments between UE and femto

	
	(6) Dual-stripe model or 5x5 Grid Model: UE is within or outside the apartment block
	PL(dB) = 127+30log10(R/1000)
R in m

This is an alternative simplified model based on the LTE-A evaluation methodology which avoids modelling any walls. 
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Figure A-1: HeNB Dual Strip Model 
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