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Discussions 
1 Introduction 
In [1] the scope of the HeNB power setting as one of the baseline ICIC solution for a co-channel Macro-HeNB deployment has been agreed. Home eNB output power for co-channel protection is further evaluated in this contribution where we provide results from simulation based on the system assumptions as given in [2].

2 Home eNB Output Power for Co-channel Protection

In Release 8 and 9, HeNB output power is subjected to limitation by adjusting its transmit output power to minimize the interference on the adjacent channels licensed to other operators while optimizing the HeNB coverage.  Similar to the adjacent channel protection, the output power, Pout, of the HeNBs in a co-channel deployment could also be limited in order to reduce the co-channel interference. One possible outcome of the standardization of co-channel HeNB output power would lead similar outcome as for adjacent channel protection. In other words, it could be specified under the following input and output conditions:

· Input Condition: CRS Êc, measured in dBm, is the Reference Signal Received Power per resource element present at the Home BS antenna connector received from the strongest co-channel Macro BS or Home BS. For CRS Êc determination, the cell-specific reference signal R0 according TS 36.211 shall be used. The Iob, Received Interference Power defined in TS 36.214 due to non-served UEs at the home eNB in dBm..

· Output Condition: Pout can be stated in the form of median{Ptx, Pmin, Pmax} where the output power Pout is the sum transmit power across all the antennas of the Home BS, with each transmit power measured at the respective antenna connectors. Pmin and Pmax are configured by the higher layers. 
Specifically, the co-channel output power of the HeNB could possibly take the following form: 
Ptx = CRS Êc+
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where Poffset represents a network controlled parameter. Although based on previous practices for adjacent channel protection, the output power may be fixed with a maximum value, it is necessary to allow the HeNB has a set of Poffset values stored and select according to the surrounding interference environment, to allow the performance requirement for co-channel HeNB output power to be a function of the percentages of statistics of MUEs. 
3 System Simulation Results 
In order to evaluate the range of possible Poffset values, simulation results are provided in this section. Additional references on the simulation assumptions can be found in [3]. A macro network with 500m ISD, a PF scheduler and full Buffer traffic model have been assumed in our simulations. Simulation evaluations are conducted with different indoor MUE ratios of 10%, 40% and 80%.  
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 Figure 1:  MUE Throughput with different Poffset (ISD=500, 10% indoor MUE)
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Figure 2:  HUE Throughput with different Poffset (ISD=500, 10% indoor MUE)
The CDF of the MUE and HUE throughputs are provided in Figure 1 and 2, respectively with 10% indoor MUE assumption used in the simulation. “Fixed” corresponds to static output power while “Poffset” represents when the HeNB output power setting based on (1) above. From Figure 1 and Table 1, the 5% MUE throughput degrades by 75% when fixed HeNB output at 10dBm is used. This indicates severe performance impact especially on MUE that are at the cell edge or indoor within the MeNB coverage, The use of fixed output power of 20dBm to 10dBm cannot effectively reduce the cross-tier interference.

We list the scenarios with different ratios of indoor MUE in the following table with the throughput of 5%MUE and average HUE. It can be seen that the value of Poffset= 60 dB achieves a good combination of decent throughput performance for both MUE and HUE. It is noteworthy to mention since the locations of HeNBs and HUEs are fixed in these different scenarios, the HUE throughput is identical across these scenarios.
	
	10% indoor MUE
	40% indoor MUE
	80% indoor MUE

	
	5% MUE Throughput (bps/Hz)
	Average HUE Throughput (bps/Hz)
	5% MUE Throughput (bps/Hz)
	Average HUE Throughput (bps/Hz)
	5% MUE Throughput (bps/Hz)
	Average HUE Throughput (bps/Hz)

	No Femtocell
	0.0263
	n/a
	0.0249
	n/a
	0.0271
	n/a

	Fixed 10 dBm
	0.0093
	2.4946
	0.0001
	2.4946
	0
	2.4946

	Fixed 20 dBm
	0.0043
	2.7840
	0
	2.7840
	0
	2.7840

	Poffset=40
	0.0258
	0.1609
	0.0224
	0.1609
	0.0245
	0.1609

	Poffset=50
	0.0277
	0.6735
	0.0156
	0.6735
	0.0182
	0.6735

	Poffset=60
	0.0169
	1.5962
	0.0062
	1.5962
	0.0090
	1.5962

	Poffset=70
	0.0116
	2.3494
	0.0003
	2.3494
	0
	2.3494

	
	
	
	
	
	
	


Figure 1:  MUE Throughput (ISD=500, 10% indoor MUE)
4 Conclusions

In this contribution, we have presented further simulation evaluations on the HeNB output power setting requirement for co-channel protection of the overlaid Macro cell, specifically on MUEs. Power setting based on different offset values could be selected from a set of predetermined values. These simulation results indicate a range of 40 to 70 dB as potential starting point for further refinement to determine the proper co-channel HeNB output power.   
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