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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. Based on these assumptions, an initial set of simulation results characterizing the MUE performance in the presence of a CSG HeNB were provided in [10], [11], and [12]. In [13] a possible specification framework was proposed to ensure that the interference effects of a CSG HeNB on a macro UE would be mitigated. This contribution extends the analysis in these previous contributions and provides simulation results to support the proposed specification framework of [13]. 
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 Estimation of the MUE performance by CSG HeNB
Consistent with the WF in [10] 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.
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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 [15] and [16]. 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 of [13]. 
In [14] a number of proposals were put forward to quantify the interference seen by the MUE in the presence of a CSG HeNB. Specifically it was proposed that the HeNB measure the following parameters:
· The CRS Êc(DL), defined as the Reference Signal Received Power per resource element received by the CSG HeNB on one of the co-channels employed for DL transmissions by the macro eNB to the MUE. 

· The UL RS Êc, defined as the Reference Signal Received Power per resource element on one of the co-channel UL transmissions from the macro UE present at the CSG HeNB. 

· Ioh, defined as the total received DL power at the CSG HeNB, including signals and all interference but excluding the own Home BS signal, present at the Home BS antenna connector on the Home BS operating channel, normalized by the product of the number of resource blocks (RBs) in the CSG HeNB DL channel and the number of tones in an RB.
Employing the above three parameters, the CSG HeNB can estimate the SINR as seen on the DL by the macro UE in the presence of interference from the CSG HeNB. This estimated SINR can be expressed linearly in the form of equation (1) below

Estimated SINR = CRS Êc(DL) / (  Ioh + UL RS Êc - CRS Êc(DL)) x                  (1)

In (1), numerator CRS Êc(DL) signal strength will be representative of the desired DL data signal strength to the MUE when the MUE is close to the CSG HeNB and the denominator can be easily shown to be proportional to the interference seen by the MUE on the DL from the CSG HeNB. The term , is a proportionality constant dependent on relative transmit power differences between the HeNB and the MUE, scaling differences and parameter estimation errors.
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 at the 5 percentile throughput cases. In many cases this will result in the MUE being in an outage condition. Also plotted in Figure 3 is the HeNB estimated MUE DL SINR calculated in accordance with equation (1) above. The factor  was set to 0.01. 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.
Additional geometry curves are provided in Figures 7, 8, 9 and 10 for the scenarios with 5 and 10% of the MUEs being indoor within the CSG HeNB coverage region and the HeNB employing a transmit power in the range of 0 to 20 dBm.
Figures 11 to 14 provide the cdfs of the proposed CSG HeNB measurement parameters  CRS Êc(DL), UL RS Êc, and Ioh, for HeNB transmits power setting of 20 and 0 dBm with 10 and 25 percent of the MUEs indoors within the CSG HeNB coverage area.
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 10, 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 in [13] and summarized in Table 1, reproduced from [13].
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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. The factor  was set to 0.01.
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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. The factor  was set to 0.01.
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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. 
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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: Geometry of SINR as seen by the non-CSG MUEs with 5% 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. The factor  was set to 0.01.
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Figure 8: Geometry of SINR as seen by the non-CSG MUEs with 5% of the MUEs 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 10 dBm. The factor  was set to 0.01.
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Figure 9: Geometry of SINR as seen by the non-CSG MUEs with 10% of the MUEs 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. The factor  was set to 0.01.
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Figure 10: Geometry of SINR as seen by the non-CSG MUEs with 10% of the MUEs 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. The factor  was set to 0.01.
[image: image10.emf]-130 -120 -110 -100 -90 -80 -70 -60 -50

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

HeNB Measurement Parameters

cdf

Macro UE Interference from HeNB = 0 dBm

 

 

Ioh

CRS DL

UL RS


Figure 11: CDFs of Ioh, CRS DL and UL RS parameters as measured by the HeNB in dBm.  The HeNB transmit power is 0 dBm. 10% of the MUEs are indoors within the CSG HeNB coverage area.
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Figure 12: CDFs of Ioh, CRS DL and UL RS parameters as measured by the HeNB in dBm.  The HeNB transmit power is 20 dBm. 10% of the MUEs are indoors within the CSG HeNB coverage area.
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Figure 13:  CDFs of Ioh, CRS DL and UL RS parameters as measured by the HeNB in dBm.  The HeNB transmit power is 0 dBm. 25% of the MUEs are indoors within the CSG HeNB coverage area.
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Figure 14: CDFs of Ioh, CRS DL and UL RS parameters as measured by the HeNB in dBm.  The HeNB transmit power is 20 dBm. 25% of the MUEs are indoors within the CSG HeNB coverage area..

5 Discussion of Results
The geometry curves of Figures 2 , 3, 7, 8, 9  and 10 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. For use cases with 5 to 10% of the MUEs indoors, the degradation is reduced, however with a HeNB transmit power of 20 dBm, the degradation can still be on the order of 10 dB. A second observation from the results illustrated in these figures is that the HeNB estimated MUE SINR curves closely track the actual SINR as seen by the MUE, if an appropriate scaling factor of approximately 0.01 is chosen. The impact of the degradation in SINR illustrated in the geometry curves can also 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 cdfs of Figures 11 to 14 can be employed as a basis to select relative thresholds of the HeNB measured parameters CRS Êc(DL), UL RS Êc, and Ioh in the context of equation (1). For example assuming that thresholds are based on the 5% worst case scenarios with 25% of the MUEs with the CSG HeNB coverage area, an appropriate choice for a threshold based on UL RS Êc to trigger a reduction in HeNB transmit power could be for scenarios in which the UL RS Êc exceeds – 90 dBm (i.e. the top 5% of received UL RS Êc in Figure 14). Similarly a threshold based on the CRS Êc(DL) could be set at approximately -115 dBm (i.e. reduce the HeNB transmit power when the CRS Êc(DL) is less than -112 dBm). Based on the results presented in [13], and summarized in the reproduced Table 1, below, it is recommended that the HeNB transmit power be reduced to at least 5 dBm in these scenarios.
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 18. 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. 
Observation: The CSG HeNB transmit power shall be reduced to at least 5 dBm in the presence of a non-CSG MUE.
It is further proposed that in order to derive an effective HeNB transmit power specification to ensure robust MUE DL performance in the presence of deployed HeNBs that. 
Proposal 1: The proposed target DL MUE outage condition is a target SINR as seen by the MUE from all HeNB interfering sources is [-5 dB]. The SINR is to be estimated by CSG HeNB.
Proposal 2: The following measurement quantities may be used by the HeNB to estimate the SINR as seen by the MUE 

· DL CRS Êc, defined as the Reference Signal Received Power per resource element received by the CSG HeNB on one of the co-channels employed for DL transmissions by the macro eNB to the MUE. 

· UL RS Êc, defined as the Reference Signal Received Power per resource element on one of the co-channel UL transmissions from the macro UE present within the CSG HeNB coverage region. 

· Ioh, defined as the total received DL power at the CSG HeNB, including signals and all interference but excluding the own Home BS signal, present at the Home BS antenna connector on the Home BS operating channel. 
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