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1
Introduction 

System level simulations have been performed to investigate the HeNB to HeNB DL jamming scenario. The baseline Rel 8 performance is evaluated assuming frequency reuse 1 with no coordination between the femto cells. A distributed FFR is shown to demonstrate interference management techniques for HeNB. In the rest of the paper, we first describe the distributed FFR algorithm, and then we describe the simulation assumptions. Finally we compare the performance at different femto penetration rate with and without OFDMA interference management techniques.

2
Distributed FFR

In an embedded network, a communication link between a cell and a UE is often interference limited due to neighboring cell transmissions. One solution is to power control the transmission of the interfering and the victim link. This approach works efficiently without losing system dimension. But power control algorithm may have limited performance gain in some scenarios when the victim is closer to the interfering transmitter than the interfering receiver. An alternative solution is planned frequency reuse, such as 1/3 reuse, which is most effective for regular layouts that can be easily colored with different carrier frequencies. 

Fractional frequency reuse algorithm is designed to orthogonalize dominant interferers in an OFDMA system. Instead of having carrier-reuse, frequency reuse could be tailored to each user in an OFDMA system. Compared to fractional carrier reuse, subband based FFR offers better granularity and faster adaptation time. LTE supports subband FFR via subband CQI reporting, which allows a scheduler to schedule users based on the subband CQI reporting that reflects different interference levels on different subbands. In a 10 MHz system with 6 RBs/subband, there are 8 regular subbands and one short subband that could be used to implement fractional frequency reuse. 

Distributed FFR algorithm is designed to cope with non-operator deployed networks, such as HeNBs. Each HeNB could construct an RF neighbour list through network listening and user reporting. In this document, the local RF neighbour information is called a “Jamming Graph”, where each node denotes an active HeNB and an edge denotes jamming condition between two HeNBs. A jamming condition is declared when the channel gain difference between the interfering and serving links exceeds certain threshold.  The distributed FFR planning problem is now converted into a graph coloring problem, which could be solved in a distributed manner at low complexity.

3
Simulation Assumptions

Downlink full buffer capacity has been investigated in this document. The link level performance is based on single user 2x2 MIMO with channel and interference estimation loss.  Link adaptation and HARQ are modelled in the link level simulation. The baseline performance has been calibrated with NGMN Rel 8 performance for D1 scenario. The LTE system parameters are shown in Table 1, where the total system overhead is close to 41%. 

The femto cell is assumed to transmit at a fixed power of 10 dBm. This is inline with the maximum transmit power that satisfy the ACLR requirements for HNB. DL control channel outage is modelled with outage threshold at -10 dB geometry. The femto layout is based on the “5x5 Grid Model” in femto forum evaluation methodology [1]. The path loss is given by PL(dB) = 127+30log10(R/1000), where R is in meter. Note that the shadowing standard deviation with this simplified path loss model is 10 dB since no walls have been modelled. Penetration rates of 5 to 20% have been studied to test the robustness of the algorithm at different density.

In this contribution, control channels are assumed to be reliable between UEs and serving HeNBs. Control channel interference avoidance could be achieved through either static or dynamic time/frequency reuse schemes, which are for further study.
Table 1 System parameters and overhead

	Parameters
	Values

	Cyclic prefix
	4.69us (6.57%)

	Guard band
	600 tones used with 15kHz subcarrier spacing (10% in 10MHz)

	DL Control
	3 out of 14 OFDM symbols

	Reference Signal
	1 out of every 3 tones over 4 OFDM symbols in each subframe

	Sync channel

broadcast channel
	6 RBs at subframes 0 and 5

	Total Overhead
	40.45%


4
Discussion

Three interference management schemes have been compared in this document: Rel 8 with frequency reuse 1; distributed FFR with medium level of interference orthogonalizaton; distributed FFR with high level of interference orthogonalization. The level of orthogonalization is controlled by tuning the jamming graph threshold, i.e., the channel gain difference between interfering and serving link.  In this simulation, 0 dB and -6 dB thresholds have been studied. 

The decoding C/I and mobile throughput statistics are shown in Figures 1, 2 and 3 for 5%, 10%, and 20% penetration rate, respectively. Note that the C/I of UEs that are not scheduled have not been logged in the decoding C/I CDF; hence, the decoding C/I is never lower than -10 dB in all the figures.
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(a) Decoding C/I 



(b) Mobile throughput

Figure 1 Mobile throughput and decoding C/I for 5% penetration rate

As shown in Figure 1, the C/I and mobile throughput improve with distributed FFR schemes for the 5% penetration rate. More specifically, the 4% UE outage is eliminated through FFR schemes. Note that the outage is mainly due to control channel outage at -10 dB. Other than outage users, the overall system fairness is also shown to improve significantly.

As shown in Figures 2 and 3, the mobile outage for systems with no reuse increases to 8 and 12% as the penetrate increases to 10 and 20%, respectively. In both cases, distributed FFR schemes eliminate the system outage and significantly improve the system fairness. For example, when FFR is enabled more than 20% and 30% of users doubled their throughput at 10 and 20% penetration rate, respectively. It is noted that there is a negligible loss in throughput for high throughput users.
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(a) Decoding C/I 



(b) Mobile throughput

Figure 2 Mobile throughput and decoding C/I for 10% penetration rate
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(a) Decoding C/I 



(b) Mobile throughput

Figure 3 Mobile throughput and decoding C/I for 20% penetration rate

5
Conclusions

This document investigated the HeNB to HeNB DL interference scenario. It was shown that 4 to 12% of HUEs will be in outage without interference management for 5 to 20% penetration rate. OFDMA interference management schemes (e.g., FFR) is shown to eliminate the DL outage and to further improve the system fairness. It was shown that when FFR is enabled more than 20% and 30% of users doubled their throughput at 10 and 20% femto penetration rate, respectively.  Based on these observations, we recommend that RAN4 considers the use of these interference management techniques in the ongoing HeNB studies. This recommendation is made both for FDD and TDD HeNBs. 

6
References

[1] Femto Forum WG2, “OFDMA Interference Study: Evaluation Methodology Document” March 2009
