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1. Introduction
In RAN1 #62, based on way forward [1], the following conclusions were made:

· Macro-Femto: 
· Baseline

· No backhaul coordination (X2, S1)

· Reflects RAN3 status

· Time-domain/power setting solutions 

· Support for restricting RLM/RRM/CSI measurements at the Rel-10 UE to certain resources 
Essentially, for co-channel macro-femto scenario, no backhaul coordination is assumed in Rel-10 and hence time-domain/power setting solutions will either be vendor specific or standardized at HeNB (e.g. pre-defined time-domain muting pattern and/or power setting). This contribution analyzes the performance of a simple downlink open-loop HeNB power setting scheme [3] which reduces the interference footprint at non-CSG UEs. We show that this power control scheme significantly improves data and control channel performance at non-CSG “victim” UEs.  A related contribution [9] supports standardized HeNB RE muting [10] for avoiding the radio link failure problem at non-CSG legacy (Rel-8) UEs.
Notation: For the rest of the contribution, we use the following abbreviations for simplicity: Any UE served by the macro cell eNodeB is referred to as a “MUE”. The term “victim MUE” refers to any MUE experiencing dominant interference from an actively transmitting CSG HeNB. The term “HUE” refers to a licensed subscribed UE belonging to the HeNB owner which is RRC connected to its CSG HeNB. The term “Control Channel Coverage Hole Probability” (CCCH probability) refers to the probability that the long-term SINRs at a non-CSG UE falls below the SINR threshold for successful PDCCH reception
2. Smart Home eNodeB Power Control
Power control solutions involve either open loop power adaptation or backhaul coordinated transmit power adaptation at HeNBs for minimizing their interference in the following scenarios namely a) reference symbol of HeNB ( PDSCH of macro cell eNodeB (or vice versa) , b) reference symbol of HeNB( control channel (on PDCCH/PHICH/PCFICH) of macro cell eNodeB and c) paging channel transmissions of HeNB ( data/control channel transmissions of macro cell eNodeBs.

2.1. Power Control: Measuring Strongest Macro cell eNodeB [3]

In this section, we present results based on the open-loop power control scheme described in TR 36.921 [3], Section 7.2.3.2. HeNBs are assumed to obtain an open-loop (that is, without any backhaul coordination with macro cell eNodeB) RSRP estimate from their strongest interfering macro cell eNodeB through either of the following approaches:

· HeNBs measure the RSRP (on CRS positions corresponding to macro cell eNodeB) as part of their “network listen” functionality. The CRS positions may be inferred following decoding of the PSCH/SSCH channels of downlink macro cell eNodeB transmissions.
· HeNBs use the measurement report from their RRC connected home UEs for obtaining RSRP estimates of their strongest macro cell eNodeB.

Define G as the measured decibel path gain between the HeNB to its strongest interfering macro cell eNodeB given as 
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 where “M” refers to the set of macro cell eNodeBs. Let Pmin and Pmax respectively designate the minimum and maximum HeNB transmit powers. All HeNBs are assumed to choose their transmit power as
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. Here, Gthrsh designates a HeNB path gain threshold (with respect to the macro cell eNodeB) below which the HeNB transmits at Pmin. The slope of the power control curve is given as
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To obtain Gthrsh, we first define system-level path gains Gmax [resp. Gmin] designating the maximum [resp. minimum] decibel path gains experiencing by a HeNB at the closest [resp. farthest] location with respect to the macro cell eNodeB. Then, Gthrsh is chosen as
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 where 
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 is a HeNB parameter. At any path gain G <= Gthrsh, the HeNB transmits at Pmin. As α approaches one (i.e. Gthrsh approaches Gmin), the slope of the power control curve monotonically decreases. Choosing α close to zero implies that Gthrsh nearly equals Gmax. That is, HeNBs transmit at Pmin, even though their path gain (to the strongest macro cell eNodeB) is much greater than Gmin.
In practice, the HeNB may have a pre-set Gmax and Gmin values, for example, through a pre-defined calibration procedure. To obtain Gmax, we assume a reference HeNB placed at a radial distance equalling the minimum distance of a HeNB with respect to the macro cell eNodeB and experiencing a 0 dB gain from the 2D antenna pattern (Table A.2.1.1.2-3, [4]).  To obtain Gmax, the HeNB is assumed to be located at a radial distance equalling (0.867 * inter-site distance). Path-loss parameters are modeled on Table A.2.1.1.2 - 8, [4].
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Figure 2: HeNB power control curves for different threshold path gains.
2.2. Performance

We now evaluate the performance of the aforementioned HeNB power control scheme. We consider power control parameter values 
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 and assess their relative cell-edge throughputs and CCCH probability at MUEs and CSG HUEs respectively. Figure 3 shows how different α values impacts MUE and HUE performance.
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Figure 3: Effect of varying power control parameter.
For evaluation, we consider the following HeNB access schemes:
· CSG Access:  CSG HeNB(s) provide access only to their licensed HUE (s).
· Friend/Visitor Access: CSG HeNB provides access to its licensed HUE as well as access to a friend/visitor within the same apartment as the home UE. In Rel-8 LTE, support exists for manual selection of CSG cells which are not in the CSG white list of the MUE (see [7] [8] for details). In real-world scenario, a non-CSG visitor/friend is thereby granted access to the stronger CSG HeNB much like a pico-cell. See [5] [6] for detailed discussion on benefits of relaxing HeNB access. 
Detailed description of simulation parameters and their typical values are given in Table 4.

2.3. Closed Subscriber Group HeNB Access

Table 1:  CSG HeNB access, HeNB deployment ratio = 0.2, 80 UEs/cell, 10 MHz LTE, 1 x 2 TU.

	HeNB access
	HeNB power control
	5 percentile MUE throughput (kbps)
	5 percentile HUE throughput (kbps)
	MUE CCCH probability Pr[SINR <= -3.8 dB]
	HUE CCCH probability 
Pr[SINR <= -3.8 dB]
	Macro cell area throughput (Mbps)

	CSG
	Fixed minimum power (-10 dBm)
	8.43
	689.48
	0.12
	0.22
	101.4
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	8.1
	915.16
	0.13
	0.16
	103.8
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	7.38
	2115.47
	0.15
	0.06
	118.07
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	7.03
	2191.68
	0.19
	0.05
	140.23

	
	Fixed maximum power (20 dBm)
	6.08
	4331.9
	0.32
	0.03
	203.8


Observations:

1. Decreased CCCH probability. An acceptable trade-off between MUE and HUE performance is seen when choosing HeNB power control parameter α = 0.7. The MUE CCCH probability is significantly reduced (from nearly 33 % to 15 %) at the expense of a slight increase in the HUE CCCH probability at (from 3 % to 6 %).  
2. Improved MUE performance. With HeNB power control (α = 0.7), cell-edge MUE performance is increased by greater than 20 % relative to the case when all HeNBs transmit at Pmax.
2.3.1. Relaxed HeNB Access 
Table 2:  Relaxed HeNB access, HeNB deployment ratio = 0.2, 80 UEs/cell, 10 MHz LTE, 1 x 2 TU.
	HeNB access
	HeNB power control
	# Offloaded MUEs
	5 percentile MUE throughput (kbps)
	5 percentile HUE throughput (kbps)
	MUE CCCH probability (Pr[SINR <= -3.8 dB]
	HUE CCCH probability 
Pr[SINR <= -3.8 dB]

	Friend/Visitor Access 
	Fixed minimum power (-10 dBm)
	202
	15.04
	669.22
	0.08
	0.16
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	214
	13.26
	689.48
	0.09
	0.12
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	236
	9.62
	1384.86
	0.11
	0.06
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	251
	8.32
	1526.46
	0.14
	0.06

	
	Fixed maximum power (20 dBm)
	266
	6.78
	2490.62
	0.27
	0.02


Observations:

1. Decreased CCCH probability. Because of offloading significant numbers of MUEs on to HeNBs by “relaxing” HeNB access, there is a significant improvement in CCCH probability at MUEs. For example, the CCCH probability at non-CSG UEs is reduced (from 27 % to 11 %) at the expense of a slight increase in the HUE CCCH probability (from 2 % to 6 %).  

2. Improved MUE performance. With smart HeNB power control (α = 0.7), cell-edge MUE performance is increased by greater than 40 % relative to the case when all HeNBs transmit at Pmax.
3. Conclusion
This contribution shows that open-loop “smart” HeNB power control significantly reduces CCCH probability and improves data channel performance at non-CSG UEs. In addition, traffic offloading obtained by relaxing HeNB access provides demonstrable gains in data throughputs and additional robustness in CCH performance at non-CSG UEs. 
· Proposal: Standardize HeNB power control based on RSRP from strongest macro cell eNodeB [3].
· Power control parameters (e.g. minimum HeNB transmit power, slope and power offset corresponding to a reference CRS received power) should be restricted to a pre-defined set.

· FFS: Sensing of victim non-CSG UEs by CSG HeNBs.
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5. Appendix: Simulation Parameters
Table 4: Simulation parameters for HeNB scenario
	Simulation Parameter
	Description/Value

	Carrier frequency
	2 GHz

	Transmission bandwidth
	10 MHz (50 RBs)

	Number of macro-cells
	57 cells with wrap-around

	HeNB deployment model
	Dual-strip, 1 single-floor apartment block per sector with two stripes each consisting of 20 apartments. Each apartment has a single active HeNB serving a single subscribed UE.

	Maximum HeNB transmit power
	20 dBm

	Minimum HeNB transmit power
	-10 dBm

	Maximum Macrocell eNodeB transmit power
	46 dBm

	HeNB Deployment Ratio
	0.2 (Fraction of apartments with installed HeNB)

	HeNB activation ratio
	1.0 (Activity factor of installed HeNB)

	Number of users
	80 users/cell (including both MUEs and CSG HeNB UEs)

	HeNB access 
	1. Closed Subscriber Group (CSG)

2. Friend/Visitor Access 

	Fraction of MUEs within dual-stripe area
	35 %

	Penetration loss
	Interior wall penetration loss Liw = 5 dB.
Exterior wall penetration loss between apartment stripes Low = 20 dB.



	Path loss
	Urban deployment model (see Table 2.1.1.2-8, Page 69, [5])

	Lognormal shadowing standard deviation
	4 dB for link between HeNB and HeNB UE.

8 dB for other links.

	Channel model
	Fast fading disabled.

	Min. distance between UE and HeNB
	>= 3 meters

	Min. distance between HeNB block and macro cell eNodeB
	>= 75 meters

	Min. distance among HeNB blocks
	40 meters

	Antenna pattern (HeNB)
	Omni-directional, 
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(Table A.2.1.1-2, [5])

	Simulation output
	Long-term downlink SINRs of MUEs and CSG HeNB UEs in co-channel deployed heterogeneous network.


6. Appendix: SINR CDF with HeNB Power Control
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Figure 5: CSG HeNB access: Long-term SINR distribution (HeNB deployment ratio = 0.2, 80 UEs/cell, 10 MHz LTE, 1 x 2 TU).
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Figure 6:  Friend/Visitor HeNB access: Long-term SINR distribution (HeNB deployment ratio = 0.2, 80 UEs/cell, 10 MHz LTE, 1 x 2 TU).































































































































































Decreasing α: Improves cell-edge MUE performance and deteriorates HUE performance





Increasing α: Deteriorates cell-edge MUE performance and improves HUE performance





α





1





0





(Gth,2, Pmin)











Slope 1


























Slope 2





Pmax





Pmin





Transmit power (dBm)





Path Gain (dB)





(Gth,2 < Gth,1)











(Gth,1, Pmin)










































































































































































PAGE  
4

_1342350708.unknown

_1342446004.unknown

_1343474799.unknown

_1343480258.unknown

_1343474588.unknown

_1342354511.unknown

_1342354530.unknown

_1342276965.unknown

_1342347742.unknown

_1333972086.unknown

_1342276872.unknown

_1284499109.unknown

