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Discussion
1. Introduction
In this contribution we present additional macro+HeNb system level performance results for cases where time-domain enhanced inter-cell intereference coordination (TDM eICIC) is used. We present both basic statistics for signal levels at the UE, as well as more quantitative throughput performance results to further show the performance of TDM eICIC. Results are presented for different levels of HeNB transmit power, and we show how the macro-UE performance is affected depending on whether they experience Almost Blank Subframes (ABS) inference from non-allowed HeNBs, as compared to normal subframes. 
2. Simulation methodology and assumptions
The simulated scenario is the standard macro-cell overlay with co-channel deployment of indoor CSG HeNBs based on the so-called multi-floor dual-stripe building structure as illustrated in Fig. 1. Thus, the simulations are according to the recommendations given in [1]. The main simulation parameters are summarized in Table 1 for easy reference. Notice that with these simulation settings, we simulate a scenario with 24 active HeNBs in a dual-stripe building structure with 6 floors.
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Figure 1. One macro-cell with overlaid HeNBs in a dual-stripe building.

Table I. Simulation assumptions for the macro plus HeNB network.
	Parameter
	Assumption

	Macro-cell Layout
	Hexagonal grid, 3 sectors per site, reuse 1.

	Inter-site distance
	500m (macro case #1)

	Number sites
	19 sites (57 cells), only one cell in the centre site is simulated, with a dual-stripe building randomly placed within this cell. No wrap-around.

	Bandwidth and carrier frequency
	10 MHz bandwidth at 2000 MHz frequency

	Antenna configuration
	2 by 2 MIMO with rank adaptation

	TX power
	Macro: 46dBm; HeNB: 0 ~ 20 dBm

	Traffic model
	Full buffer with 10 UEs per macro-cell, and 1 UE per HeNB.

	UE distribution
	Outdoor Macro-UE: uniformly dropped over entire coverage area (except for the coverage of the dual-stripe building), subject to a minimum separation to macro-BS and HeNB.

Indoor Macro-UE: uniformly dropped within the dual-stripe building.

HeNB-UE: uniformly dropped within the room with active HeNBs.

	UE speeds
	3 km/h

	Minimum distance between UE and BS 
	Macro: 35 m; HeNB: 1 m

	Minimum BS – UE coupling loss
	45 dB

	CSI feedback delay
	6 TTIs

	TDM muting pattern
	Mute one out of 8 subframes, i.e., muting ratio of 12.5%

	Urban-dense femtocell modelling parameters [1]

	N (number of cells per row )
	10 (in total, 40 cells per floor)

	M (number of blocks per sector)
	1

	L (number of floors per block) 
	6

	R (deployment ratio )
	0.2

	P (activation ratio)
	50%

	Probability of macro UE being indoors
	80%


3. Basic signal level statistics
Fig. 2 shows the statics for the received serving cell signal power level at the macro-UEs and HeNB-UEs, respectively. These results are presented for the case where the HeNBs are transmitting at either their maximum power level of 20 dBm or the minimum power level of 0 dBm over a 10 MHz bandwidth. As expected, without power reduction of the HeNBs, the HeNB-UE typically experience higher levels of received power from their serving cell as compared to the macro-UEs. This is mainly observed because the HeNB-UEs are much closer to their serving cell, i.e. is placed in the same room as their corresponding HeNB. The “dis-continuity” on the HeNB-UE curves in Fig. 2 at approx -53 dB and -73 dB is due to the assume minimum coupling loss of 45 dB. 
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Figure 2. Cumulative distribution of received signal power per subcarrier by the macro-UE and HeNB-UE.

Fig. 3 summarizes the CDF of the total interference power received by the macro-UEs and HeNB-UEs, when HeNBs are transmitting at different power levels. As shown, when reducing PHeNB from 20 dBm to 0 dBm, the macro-UE total interference is reduced by around 5 to 10 dB, and is very close to the case without HeNB interference. Similar, the total received interference at the HeNB-UEs is also observed to reduce when descreasing the HeNB transmit power. The latter is because the HeNB-UEs also experience interference from neighboring HeNBs.
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Figure 3. Cumulative distribution of received interference power per subcarrier by the macro-UE and HeNB-UE.

The G-factor distribution for the macro-UEs and HeNB-UEs is reported in Fig. 4. Gfactor is the ratio of the total received wideband signal power and the interference plus noise power at the receiver side. It includes the effects of path loss and shadow fading, but is average over fast fading. Gfactor is equivalent to the average wideband SINR in a single antenna system and is similar as the performance metric of “Received energy per CRE RE over the received power spectral density of the total noise and interference for the certain CRE RE (Ês/Iot)” specified in [2]. Results are reported for different levels of the HeNB transmit power. As can be observed from the Macro-UE G-factor cdf, the G-factor is fairly bad if the HeNBs are transmitting with 20 dBm Tx. This clear indicates the well-known problem of macro-layer coverage-holes as caused by HeNB interference. Decreasing the HeNB transmit power level to 0 dBm clearly brings additional improvents for macro-UE experienced G-factor, but also in lower HeNB-UE G-factor. However, notice that the HeNB-UE G-factor only is decreased by approx 12 dB when reduing the HeNB transmit power by 20 dB. The later is because the HeNB-UEs also experience interference from neighbour HeNBs, so decreasing the HeNB transmit helps reduce the HeNB-2-HeNB interference coupling. The case with zero HeNB transmit power (i.e. minus infinity when expressed in dBm) corresponds to the case with ideal ABS muting of the HeNBs. With such ideal ABS muting, the best macro-UE G-factor is obviously observed. As compared to the case with full HeNB interference (non-ABS), the 5%-tile Gfactor is increased from -28 dB to -2.6 dB. The gain is smaller for cell-centre users, which is only 2.7 dB at 90%-tile.
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Figure 4. Cumulative distribution of the G-factor for macro-UEs and HeNB-UEs for different HeNB transmit power levels.

The presented performance results in Fig. 2, Fig. 3 and Fig. 4 can be used as input to further selecting realistic operation points for setting the requirements Rel-10 enhanced RLM/RRM UE measurements with resource restrictions.
3. Throughput performance with TDM eICIC
In this section we present user-throughput performance results with TDM eICIC enabled. As listed in Table 1, we simulate a scenario where HeNBs use ABS muting in 12.5% of the subframes. As our system-level simulations are conducted at TTI resolution we simply model ABS as follows:

· During ABS, no HeNB-UEs are scheduled:

· The interference from ABS to Macro-UEs is simply modelled by adjusting the HeNB transmit power for those subframes as follows: PABS= PHeNB-Offset [dBm], where PHeNB is the HeNB transmit power in normal subframes, while Offset expresses the equivalent reduction of HeNB transmit in the ABS subframes. 
Notice from this model, that a realistic setting of parameter “Offset” corresponds to approximately 10 dB as ABS still contain CRS, which is roughly ~10% of the symbols for the assumed 2x2 antenna configuration. However, in the following we also present performance results for other values of “Offset” to indicate how the performance varies with this parameter. By setting “Offset” to infinity, it basically correspond to ideal muting where macro-UEs are capable of fully cancelling the residual CRS interference received from HeNBs transmitting ABS.

It is further assumed that all macro-UEs are schedulable on all Subframes. In line with latest RAN1 decisions of CSI, we assumed that macro-UEs are configure so they report CSI feedback both for non-ABS and ABS, so the macro-eNB knows which CSI information to apply for scheduler and link adaptation decisions. Standard proportional fair packet scheduling is assumed on both non-ABS and ABS subframes. Given these assumptions, the macro-UE packet scheduler will converge to mainly scheduling macro-UEs close to non-allowed CSG HeNBs during TTIs when the HeNBs are using ABS.
Performance results for the macro-UE cell-edge throughput versus the HeNB-UE cell-edge throughput is reported in Fig. 5. Performance results are reported for different levels of the HeNB transmit power, ranging from the maximum of 20 dBm down to 0 dBm in steps of 5 dB. Here the term “cell-edge” refers to the 5% outage, i.e. the 5% of the macro-UEs or HeNB-UEs that experience the lowest throughput. Without any HeNB muting and full 20 dBm tx, the best HeNB-UE performance is clearly observed. However, the later configuration results in nearly zero Macro-UE cell-edge performance, and is therefore not considered attractive. By enabling HeNB muting and/or HeNB power reduction, the performance of the Macro-UEs is clearly improved at acceptable levels of lower HeNB-UE performance. Comparing the performance of HeNB without muting (but with different Tx power levels) versus HeNB TDM eICIC with muting, we conclude that the equivalent ABS power reduction shall be on the order of 18 dB for TDM eICIC to be superior. If the interference of ABS is only reduced by 10 dB as compared to normal subframes, then the results in Fig. 5 indicate that it is more attractive to just reduce the HeNB transmit power. It is also worth noting that the Macro-UEs cell-edge performance is clearly the limiting factor in the overall system performance whereas the lowest throughput levels of the HeNB-UEs remain reasonable in all cases even with lower HeNB Tx powers.
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Figure 5. Trade-off between HeNB and macro cell-edge user throughput using power reduction and TDM muting.

Additional performance results are reported in Fig. 6 where the full macro-UE and HeNB-UE throughput distribution is plotted for cases without muting, as well as for the case with TDM eICIC for ideal ABS. As shown, the worst macro-cell performance is experienced when the HeNBs are transmitting at their maximum power of 20 dBm without TDM eICIC (no muting). Correspondingly, HeNB-UEs with this configuration achieve the best performance. When 12.5% of the subframes are muted (ABS) @ 20 dBm HeNB Tx power, the HeNB-UE performance is reduced to the same level as would be experienced without TDM eICIC @ 15 dBm HeNB transmit power. However, the TDM eICIC case with ideal ABS muting (assuming zero interference from ABS) out-perform the case with no TDM eICIC in the sense that it offers better macro-cell performance. This is in coherence with the findings in Fig. 5.
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Figure 6. Cumulative distribution of macro-UE and HeNB-UE throughput for different cases.

4. Conclusion

In this contribution we have presented examples of system level performance results for macro+HeNB cases. Cases with/without TDM eICIC are presented. Basic sisgnal level statics is presented for Macro-UEs depending on whether they experience HeNB interference from ABS or non-ABS subframes. The presented signal level statistics can be used as input to further selecting realistic operation points for setting the requirements of Rel-10 enhanced RLM/RRM UE measurements with resource restrictions.

The presented throughput results show several interesting trends. When comparing the performance without TDM eICIC (but with power adjustment of HeNBs) versus cases with TDM eICIC, we find that the interference from ABS shall be reduced with an equivalent of 18 dB to bring benefits over simple solutions with HeNB power reduction. These performance figures are, however, specific to the considered dense-urban dual-stripe scenario with the assumed HeNB density. Cases with even higher HeNB densities would require additional muting and/or HeNB transmit power reductions in order maintain good macro-UE performance.
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