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1. Introduction
Simulation results are presented with simulation assumptions as described in [1] in order to determine power limits for protection of macro UEs from the downlinks of co-channel HeNBs.
2. Simulation Results
Simulation results are presented for the urban “dual stripe” deployment model assuming a macro network with 500m ISD. The simulation assumptions are as described in [1] with the exception that 7 macro sites are simulated with wraparound, rather than 19 sites. The downlink scheduler is a round robin scheduler. The Full Buffer traffic model is assumed.
2.1 Reference Case (macro only)
Figure 1 shows the DL SINR and throughput distributions of MUEs in the case that there are no HeNBs or HUEs (deployment ratio 0.0).
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a) SINR
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b) Throughput
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c) Throughput (zoom)


Figure 1 MUE SINR and Throughput, deployment ratio 0.0
2.2 Case 1: Fixed HeNB Power
Figure 2 shows the DL SINR and throughput distributions of MUEs in the case of HeNB deployment ratio 0.05, with fixed HeNB power. The curve labelled “no femtos” refers to the case where there are no HeNBs present and where the UEs that would be served by the HeNBs are instead served by the macro eNBs (in addition to the 20 MUEs per cell per [1]).
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a) SINR
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b) Throughput


Figure 2 MUE SINR and Throughput, deployment ratio 0.05, fixed HeNB power
Figure 3 shows the DL SINR and throughput distributions of MUEs in the case of HeNB deployment ratio 0.2, with fixed HeNB power.
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b) SINR
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b) Throughput
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c) Throughput (zoom)


Figure 3 MUE SINR and Throughput, deployment ratio 0.2, fixed HeNB power
Figure 4 shows the throughput distributions of HUEs in the case of HeNB deployment ratio 0.2, with fixed HeNB power.
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Figure 4 MUE SINR and Throughput, deployment ratio 0.2, fixed HeNB power
2.3 Case 2: HeNB Power limit based on uplink interference power
This section considers specifying a power limit for HeNB based on whether or not the uplink interference power Iob (maximised over RBs and sub-frames) exceeds a threshold. Specifically the HeNB power limited to P2 if the uplink interference power Iob per RB (maximised over RBs and sub-frames) exceeds T1 at the HeNB. For brevity only results for deployment ratio 0.2 are presented.
Figure 5 shows the DL SINR and throughput distributions of MUEs in the case of HeNB deployment ratio 0.2, for various P2 and for T1=-113 dBm per RB.
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a) SINR
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b) Throughput
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c) Throughput (zoom)


Figure 5 MUE SINR and Throughput, deployment ratio 0.2, with 

HeNB power limited to P2 if Iob exceeds -113 dBm per RB
Figure 6 shows the corresponding throughput distributions of HUEs.
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Figure 6 MUE SINR and Throughput, deployment ratio 0.2, with 

HeNB power limited to P2 if Iob exceeds -113 dBm per RB
2.4 Case 3: HeNB Power limit based on downlink power of closest macro
The impact of DL interference to a MUE will depend on the DL power of the MeNB at the MUE. Therefore this section considers specifying a power limit for HeNB as a function of the received CRS power at the HeNB from the closest MeNB (in dB terms). Specifically the HeNB power limit is given by Pm = min (P_M + β , P_max), [dBm] where parameters P_max  and P_min are the maximum and minimum HeNB transmit power settings, and P_M is the received power from the strongest co-channel macro cell.
For brevity only results for deployment ratio 0.2 are presented.

Figure 7 shows the DL SINR and throughput distributions of MUEs in the case of HeNB deployment ratio 0.2, for various values of β. P_min is -10 dBm.
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a) SINR
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b) Throughput
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c) Throughput (zoom)


Figure 7 MUE SINR and Throughput, deployment ratio 0.2, with 

HeNB power limited based on downlink power of closest macro
Figure 8 shows the corresponding throughput distributions of HUEs.
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Figure 8 MUE SINR and Throughput, deployment ratio 0.2, with 

HeNB power limited based on downlink power of closest macro
2.5 Case 4: Combination of Cases 2 and 3
This section considers specifying a power limit for HeNB as a function of the received CRS power at the HeNB from the closest MeNB (in dB terms) and also as a function of whether or not the uplink interference power Iob (maximised over RBs and sub-frames) exceeds a threshold T1 at the HeNB. Specifically the HeNB power limit is given by Pm = min (P_M + β , P_max) if the uplink interference power Iob (maximised over RBs and sub-frames) exceeds T1 dBm per RB, and Pm= P_max otherwise.
For brevity only results for deployment ratio 0.2 are presented.

Figure 9 shows the DL SINR and throughput distributions of MUEs, in the case of HeNB deployment ratio 0.2, for various values of T1. P_min is -10 dBm and β =65 dB.
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a) SINR
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b) Throughput
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c) Throughput (zoom)


Figure 9 MUE SINR and Throughput, deployment ratio 0.2, with HeNB power limited based on downlink power of closest macro and uplink interference power
Figure 10 shows the corresponding throughput distributions of HUEs.
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Figure 10 MUE SINR and Throughput, deployment ratio 0.2, with HeNB power limited based on downlink power of closest macro and uplink interference power
3. Discussion of Results
The reference case with no HeNBs and no HUEs (i.e. 20 MUEs per macrocell) exhibits quite low SINR and throughput at the 5 percentile (approx. 20 Kb/s). One possible reason for this is the single antenna transmission and reception assumed in [1]. Furthermore the MUE throughputs at higher percentile values on the throughput CDFs become more similar between the cases. For these reasons we consider the 10 percentile MUE throughputs below.
The table below shows the MUE and HUE throughputs in case of HeNB deployment ratios of 0 and 0.2 for the different cases.

	Case
	10 percentile MUE throughput (Kb/s)
	Mean HUE throughput (Mb/s)

	No HeNB, no HUEs
	43
	N/A

	No HeNB, associated HUEs served by MeNB
	29
	N/A

	Case 1 (10 dBm fixed power)
	31
	1.14

	Case 2 (P2=10 dBm, T1=-113)
	29
	1.39

	Case 3 (beta=65 dB)
	35
	0.72

	Case 4 (beta=65 dB, T1=-103 dBm)
	30
	1.33


It can be seen from the table that Cases 2 and 4 provide at least the same performance for MUEs as the case that HeNBs are not deployed (and the associated traffic is handled by macro eNBs), but with improved performance for the HUEs relative to the other cases.

Accordingly it is proposed that the power limits for HeNB are defined as Pm = min (P_M + β , P_max) if the uplink interference power Iob (maximised over RBs and sub-frames) exceeds T1 dBm per RB, and Pm= P_max otherwise. Suitable values for β and T1 are β =65 dB and T1=-103 dBm.

4. Conclusions
Simulation results using the simulation assumptions as described in [1] are presented for several different approaches to specifying the HeNB power limits in the case of co-channel operation with macro eNBs. Based on the results, it is proposed that the power limits for HeNB are defined as Pm = min (P_M + β , P_max) if the uplink interference power Iob (maximised over RBs and sub-frames) exceeds T1 dBm per RB, and Pm= P_max otherwise. Suitable values for β and T1 are β =65 dB and T1=-103 dBm.
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