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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 
Further, the following sentence was captured in the Chairman’s notes [2], 

· The baseline solution for macro-femto does not preclude any possible solutions that further minimize the legacy impact.

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). 
The two key aspects in this contribution are as follows:

Downlink HeNB 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.  
Legacy support for RLF avoidance: The second aspect addresses legacy support for avoiding the so-called radio link failure (RLF) problem [12]. In RAN #62bis [1], the enhanced ICIC solution for RLM measurement at Rel-10 UE does not preclude possible solutions that minimize the legacy impact. In this respect, [10] proposes a scheme to avoid RLF at legacy UE by muting interfering REs at the aggressor layer; as such, it applies to the macro-pico scenario as well as the macro-femto scenario. Link-level simulation results in this contribution show that for best performance, such RE muting (and rate-matching) should be carried non-transparently.
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
This section considers open-loop smart CSG HeNB power control (no backhaul coordination) for minimizing their interference to macro cell UEs. Smart HeNB power control may be used in addition to time-domain eICIC solutions (for example, almost blank subframe transmission at CSG HeNB), while requiring minimal coordination overhead. Power control at HeNB reduces interference to macro cell UEs in the following scenarios namely: 

· Interference on paging/PDSCH signals of macro cell eNodeB (or vice versa) from CRS of HeNB

· Interference on PSS/SSS/PBCH signals of macro cell eNodeB from CRS of HeNB.

· Interference on PHICH/PCFICH signals of macro cell eNodeB from CRS of HeNB

Other sources of interference at the macro cell UE may be tackled if eNodeBs are assumed to be time-synchronized, which is anyway a requirement for the proposed time-domain solutions. Note that HeNB subframes should be offset by a few subframes to the macro cell eNodeB subframes in order to avoid collision on PSS/SSS/PBCH. CRS interference on the control region of the macro cell eNodeB may be addressed by additional OFDM symbol-level time-shifting of HeNB subframes relative to the macro cell eNodeB subframes. 
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, which is selected according to 
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. For example, HeNBs can 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.
The HeNB transmit power is chosen according to the power control formula:
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Pmax  
: 
 Maximum HeNB transmit power measured in dBm.

Pmin      : 
 Minimum HeNB transmit power measured in dBm.
PRSRP
:
 Measured RSRP (in dBm) on CRS positions of strongest macro cell eNodeB.

Poffset      :
 Decibel Offset for controlling HeNB transmit power.

Path-loss parameters are modeled on Table A.2.1.1.2 - 8 [4].
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Figure 1: HeNB power control 
Large Poffset values encourage HeNBs to transmit at near Pmax, implying little or no protection to control channels at MUEs. In contrast, smaller Poffset values imply that for small PRSRP (near the edge of the macro cell), HeNBs operate at close to Pmin, thereby guaranteeing maximum protection for MUEs from CSG HeNB transmissions. The following section evaluates the performance of the above power setting scheme.

2.2. Power setting performance with CSG access
Table 1 shows the performance of the aforementioned HeNB power control scheme. Power control parameter values 
[image: image4.wmf]{

}

90

,

80

,

60

,

50

Î

offset

P

 (in dB) are considered. All HeNBs are assumed to operate with CSG access. Detailed description of simulation parameters and their typical values are given in Table 4. In Figure 2, the geometry CDFs are shown for MUE and CSG UEs respectively.
	HeNB power control
	5 percentile MUE throughput (bps/Hz)
	5 percentile HUE throughput (bps/Hz)
	MUE CCCH probability 
Pr[SINR <= -3.8 dB]
	HUE CCCH probability 

Pr[SINR <= -3.8 dB]
	Cell 
throughput (bps/Hz)

	Pmin (0 dBm)
	7.05E-4
	0.2863
	0.13
	0.05
	96.46

	Poffset = 50 dB
	7.03E-4
	0.3969
	0.14
	0.02
	96.97

	Poffset = 60 dB
	6.7E-4
	0.6914
	0.15
	0.02
	103.16

	Poffset = 90 dB
	6.06E-4
	0.7341
	0.24
	0.02
	129.63

	Pmax (20 dBm)
	6.01E-4
	0.9678
	0.25
	0.01
	130.11


Table 1:  80 users/cell, HeNB deployment ratio = 10 %, (1 x 2) TU channel.

Observations:
1. With HeNB transmission at maximum transmit power, nearly 25 % of all non-CSG MUEs experience control channel outage. With the simulation assumptions (35 % of non-CSG MUEs are indoors), this results suggests that with no smart power setting, nearly 7 MUEs in a group of 10 indoor MUEs experiences outage.

2. By applying smart HeNB power control with Poffset = 60 dB, the HeNB control channel outage probability is slightly increased to 2 %. However, the control channel outage probability is significantly reduced (to 15 %). 
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Figure 2: Long-term SINR CDF at macro cell UE and CSG UE for different power control schemes.
Proposal 1: Consider open-loop HeNB power control based on RSRP from strongest macro cell eNodeB [3]
· A power control offset parameter value such as Poffset = 60 dB provides substantial coverage improvement at MUEs at the expense of slight degradation in HeNB throughput and coverage.
· FFS: Sensing of victim non-CSG UEs by CSG HeNBs.
3. Radio Link Monitoring Aspects
One ramification while tackling severe interference in het-net scenarios is the unwanted RLF declaration at the UE-side, even when it experiences good channel conditions on its PDSCH. Specifically, when a victim UE
 measures its radio link quality on its CRS, it may experience varying levels of interference, depending on whether or not an aggressor layer eNodeB 
is transmitting TDM subframes [12]. Consequently, in a worst-case scenario, the victim UE may declare RLF.  Below, we enumerate the agreed-upon Rel-10 eICIC scheme for tackling the aforementioned problem.
Rel-10 Scheme [13]: The UE performs RLM/RRM measurement on a pre-specified set of subframes RRC signalled by the network.

Observation: The baseline solution does not tackle radio link failure problem at legacy (Rel-8/9) UE since such a UE may detect different levels of interference depending on whether the subframe is a unicast subframe or a TDM subframe. Note that Rel-8 does not mandate the exact subframes on which the UE conducts its link quality measurement and mobility measurements. As mentioned in [10], the agreed upon RLM/RRM measurements are applicable only to Rel-10 UEs and hence are not backwards compatible in the sense that they do not tackle the problem of unwanted RLF declaration at the Rel-8 terminals.
RE Muting [10]: The aggressor layer “mutes” its PDSCH transmission on CRS locations of the victim layer.  

The RE Muting scheme described above prevents unnecessary RLF declaration at legacy UEs because it provides the victim UEs with interference free CRS.  Although we acknowledge such an approach causes potential throughput degradation at UEs belonging to the aggressor eNodeB (due to PDSCH RE muting), we consider this an acceptable trade-off considering that the alternative is RLF declaration at the victim UE.  

Table 3 provides a taxonomy of the relative performance impact of the baseline (RRM/RLM/CSI measurement on restricted subframes) versus the RE muting scheme.

Table 3: RLF avoidance in het-nets

	Proposals
	Performance Impact

	
	Rel-8/9 UE (Victim layer)
	Rel-10 UE 

(Victim layer)
	Rel-8/9 UE 

(Aggressor layer)
	Rel-10 UE (Aggressor Layer)

	Rel-10 eICIC scheme [13]
	Potentially declare RLF
	No performance impact
	No performance impact
	No performance impact

	RE Muting 
	No performance impact
	No performance impact
	 MCS downscaling (e.g. QPSK-1/2).
	PDSCH rate-matching signaling 


3.1. Details 

This section provides single-cell link-level simulation results evaluating the performance of transparent versus non-transparent RE muting in a co-channel macro-femto scenario. The number of muted PDSCH REs equals 16 REs/PRB (corresponding to OFDM symbols 4, 7, 8 and 11).
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Figure 3: PDSCH block error rates with/without rate-matching around muted CRS locations (assuming RE muting is carried out once every 10 subframes)
· Transparent PDSCH RE muting [Dashed Blue]. HeNB mutes PDSCH (no rate-matching) on macro cell CRS RE locations.

· Non-transparent PDSCH RE muting [Solid Black]. HeNB rate-matches PDSCH around macro cell CRS RE locations.

Observations:

1. Transparent PDSCH RE muting on CRS positions of macro cell eNodeB results in a BLER floor for higher order MCS (e.g. 16-QAM-1/2 or higher). 

2. For lower-order MCS (e.g. QPSK-1/2), there is a moderate power offset (however no BLER floor) relative to the case without any PDSCH RE puncturing. This suggests that legacy HUEs can be scheduled with reliable performance at least for lower-order MCS (e.g. QPSK-1/2). 

4. Conclusion
Proposal 1: Consider HeNB power control based on RSRP from strongest macro cell eNodeB [3].
· A power control offset parameter value such as Poffset = 60 dB provides substantial coverage improvement at MUEs at the expense of slight degradation in HeNB throughput and coverage.
· FFS: Sensing of victim non-CSG UEs by CSG HeNBs.
Proposal 2: To prevent unnecessary RLF declaration at legacy UEs, standardize RE muting (rate-matching) at aggressor eNodeB on CRS positions on victim eNodeB. 
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6. 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
	0 dBm

	Maximum Macrocell eNodeB transmit power
	46 dBm

	HeNB Deployment Ratio
	0.1 (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, 
[image: image8.wmf](

)

0

=

q

A

dB

	Antenna pattern (Macro cell eNodeB)
	
[image: image9.wmf](

)

(

)

(

)

[

]

{

}

m

V

H

A

A

A

A

,

min

,

q

j

q

j

+

-

-

=

,  
(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.
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� The victim UE refers to either a non-CSG macro cell UE (macro-femto scenario) or a strongly interfered pico cell UE (macro-pico scenario employing large bias cell range expansion).


� The term “aggressor layer” eNodeB refers to either a CSG HeNB (macro-femto scenario) or a macro cell eNodeB (macro-pico scenario employing large bias cell range expansion).
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