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1. Introduction

In this contribution we further address interference management for LTE Rel-9 in heterogeneous networks with co-channel deployment of macro cells and home eNBs (HeNBs). Our starting point is the way forward document in [1], where it was concluded to 

· Identify the interference management methods of LTE Rel.9 WI scope and focus on them. 
· Agree a set of possible interference management methods for LTE Rel.9 that require additional standardization work, and send LS to RAN2 or RAN3 if necessary to start the corresponding standardization work as soon as possible. Note the other methods in the technical report for future reference.
Given the many quoted interference management candidate solutions in [1], we propose to consider different levels of interference management, where a robust and simple mechanism for controlling the interference from HeNB to macro cells is considered to be of highest priority. That is, a mechanism that allows uncoordinated co-channel deployment of HeNBs without causing significant performance degradation for the macro cell and that still allows for adequate HeNB coverage area. The latter is also in alignment with general conclusions and guideline from the Femto forum [2], where several power control (PC) mechanisms have been studied for controlling the interference from HeNBs to Macro cells. 
Given this starting point, the current contribution is organized as follows: Section 2 summarizes some of the most relevant interference scenarios for macro + HeNB cases. In Section 3 we discuss HeNB PC solutions for controlling the interference generated from HeNB cells to macro cell users. We considered standardization of such schemes as having the highest priority for LTE Rel-9. In Section 4 we present a set of simulation results, where the performance of heterogeneous networks with co-channel deployment of HeNBs and macro cells is presented with and without interference control in the form HeNB PC. Finally, concluding remarks are given in Section 5.
2. Interference scenarios
Figure 1 pictures a typical downlink (DL) interference with co-channel deployment of macro cells and HeNBs. For this particular example, the macro cell serves a UE at its cell-edge. That particular UE is close to HeNB #2, but prohibited from connecting as it is not part of CSG. In worst case, the macro cell-edge UE therefore experience substantial interference, which degrades its performance (lower experienced throughput). For this scenario, the macro cell-edge UE is therefore often called the victim, while HeNB #2 is the aggressor. A mechanism for solving such problems, where HeNBs jeopardize the macro cell performance, is desirable for LTE Rel-9. 
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Figure 1 Simple illustration of downlink interference scenario with co-channel deployment.
Similarly, the equivalent uplink (UL) interference scenario is illustrated in Figure 2. Here the macro cell again serves a UE at the cell-edge, although the UE in principle could have been better served HeNB #2. However, in this example, we assume that the latter is not allowed as the UE does not belong to the CSG of HeNB #2. For this UL example, there are two potential interference problems to be considered:

1. The UE connected to HeNB #1 is the aggressor creating excessive interference for the victim macro cell-edge UE. Thus, for this case, the macro cell-edge UE might in worst case be prevent from connecting to the macro cell, or will experience substantially lower throughput as compared to the case with macro cells only.
2. The macro cell-edge UE is the aggressor creating excessive interference for the HeNB #2, and thus making the UE that it serves the victim. Such scenarios may occur as the PC for macro cell-edge UEs is likely to be configured so the transmit with full, or high, power levels.

Case #1 above can result in significantly lower UL macro cell performance, or in worst case shrinking of the macro cell area from UL coverage perspective. The second case is considered to be less critical due to the following reasons: Macro cell-edge UEs are typically only scheduled on a fraction of the available bandwidth as they in many cases are power limited and/or frequency multiplexed together with other macro cell UEs. This means that HeNB #2 typically only will experience the aggressor interference on part of its bandwidth, and therefore still is capable of scheduling its UE(s) on the complementary part of the bandwidth. The latter will e.g. happen if the HeNB packet scheduled base its decisions on UL interference measurements (channel aware scheduling). Given these simple considerations, solutions for the UL interference case #1 are probably of highest priority for Rel-9. However, investigating solutions for case #2 (and analysis of how critical this case is) shall of course not be forgotten in coming studies. 
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Figure 2 Simple illustration of uplink interference scenario with co-channel deployment.
It shall be kept in mind that the two scenarios pictured in Figure 1 and Figure 2 are only examples for illustration purposes. Rel-9 HeNB interference management solutions shall of course be scalable to cases with multiple macro cells, HeNBs, UEs, as compared to what is shown in those two figures.
As for the order of finding solutions, it is important that the uplink problem is investigated after downlink power control methods have been considered. Having installed methods for controlling the downlink power will limit the coverage zone of the HeNB (cell selection) and thereby also the uplink problem (case #1) in practice as the HeNB connected UE will then operate with lower transmit power if it is in the near vicinity of the HeNB. 
3. HeNB controlled power adjustment methods
In the following sub-sections we discuss possible downlink and uplink power adjustment schemes. The discussed schemes are equally applicable to FDD and TDD.
3.1 Downlink solutions

HeNB PC is among the simplest solutions to the DL interference problem outlined in Section 2. Such PC has been studied in various forums ranging from academic research communities, Femto forum, previous 3GPP contributions, etc. One conclusion is that a fixed maximum power setting configured by the network is not sufficient to ensure minimum HeNB coverage range while protecting macro in all cases. Hence, a sensing of the HeNB environment is needed for setting the transmit power. One classification of such HeNB PC solutions is the following:

· Pure HeNB measurement assisted: For this type of solutions, the HeNB adjust its maximum DL transmit power as a function of air interface measurements to avoid interfering with macro cell UEs. Examples of such measurements are total received interference, RSRP for the most dominant macro cell eNB, etc. The scheme is open loop, and does not involve the UEs and signaling between network nodes.  
· UE measurement and network signaling assisted: This solution is based on UE measurements such as those used for handover (e.g. RSRP and RSRQ). Referring to Figure 1, the basic idea is that the macro cell eNB will be able to detect that its cell-edge UE is experiencing interference problems caused by HeNB #2. The latter is assumed possible from the UE measurement reports. After having detected the problem, the macro cell eNB send a PC command to HeNB #2, requesting it to reduce the transmit power.  Thus, this solution is based on an iterative closed loop approach, where corrections first are made when problems are detected.
The simpler of those two schemes is the first solution, as it does not involve the UEs, and it does not require signaling between the network components. Our proposal is therefore to use the pure HeNB measurement assisted solution as the baseline, and only include the second solution in Rel-9 if it is shown that such schemes provides insufficient performance. Note that RAN WG3 have also recently concluded; no direct signalling between HNBs and macro RANs shall be treated in UTRAN Rel-9. Thus, the latter is good alignment with our proposal here to first focus on simple PC schemes, not requiring signalling between network components.
One example of a candidate HeNB power control formula, is to adjust the HeNB transmit power according to 
Ptx=max(min(α · PM + β ,Pmax), Pmin) [dBm],









(1)
where parameters Pmax  and Pmin  is the minimum and maximum HeNB transmit power settings, while PM is the received power from the strongest co-channel macro cell. Parameter  is a linear scalar that allows altering the slope of power control mapping curve and – as such – adjustment to different sizes of macro cells.,  is a parameter expressed in dB that can be used for altering the exact range of PM covered by dynamic range of power control. The illustration of such power control is shown in the Figure 3.
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Figure 3 Example of simple power control routine.

As an example,  should be set to at least ~45 dB, corresponding to the minimum coupling loss that one would typically expect for a HeNB scenario. Thus, parameters Pmin, , and are configuration parameters for the HeNB, while PM is obtained from measurements, i.e. could be achieved via an RSRP measurement of the strongest co-channel macro cell eNB. Other PC formulas could of course also be considered, such as examples from [3]-[4] and solutions also based on HeNB RSSI measurements, so the transmit power is adjusted also according to the general level of experienced/estimated co-channel interference. Parameters can be either fixed if applicable or configured by the network as part of HeNB configuration or management process (e.g. via applicable data model and management interface).
Additional enhancements of the power control formula in (1) are considered to be FFS. Possible enhancements could include: (i) taking also interference to/from adjacent carriers into account, (ii) include mechanisms to take into account how many HeNBs are contributing to the interference for the macro cell-edge UEs. For the latter case, each HeNB could for instance search for the number of surrounding HeNBs, and then further adjust its transmit power as a function of that.

3.2 Uplink solutions
A purely HeNB measurement assisted solution could also be used for solving the potential UL interference problem outlined in Section 2 (for case 1). The basic principle is to limit the UE transmit to less than 23 dBm for those UEs that are served by HeNBs in the close vicinity of macro cells. By doing the latter, we prevent the macro cell from suffering by extensive UL interference originating from HeNB cells. This can be done as follows (example):
· The HeNB measures the path gain of received from the strongest co-channel macro cell. As also discussed for the DL solution, the measurement could be RSRP of the macro cell.

· For HeNBs experiencing a path gain (or RSRP measurement) above a certain threshold, they should control their served UEs to limit their maximum transmit power to at most X dBm.

· Limiting the UEs transmit power could be implemented by having the HeNB signal the max value to the UEs, via adjustment of the UEs open loop power control settings, via use of closed loop power control corrections, etc.

In the above described rule, the “threshold” and X are assumed to be configuration parameters for the HeNB. The presented solution for the UL is only an example, and it could of course be further extended. For example by defining a continuous function of the maximum desired UE transmit versus e.g. the path gain towards the strongest co-channel macro cell.
4. Performance evaluation
4.1 Simulation assumptions
In this section we show some performance results for heterogeneous networks with co-channel deployment of macro cells and HeNBs. Our simulation assumptions are based on the scenario guidelines in [5] for heterogeneous networks, as well as the refinement to these models as discussed in [6]. Thus, we assume 3GPP Macro cell case #1 scenario with 500 meter inter-site-distance. N HeNB clusters are placed uniformly within each macro cell area. For each HeNB, we place one UE within a circle around of radius X meters around it. We use X=10 meters.  Assuming CSG, only that user is allowed to connect to the HeNB. RSRQ measurements are used to determine whether the UE connect to its HeNB or to the Macro layer. In addition, we place K=25 users uniformly within the each macro cell area. 
Clusters of HeNBs are modeled as illustrated in Figure 4. There is one HeNB in each house, assuming a 5 dB penetration loss from outdoor to indoor, and vice versa. Referring to Figure 4, the dimensions are; a=12 meters and b=4 meters. Note that with these dimensions and the chosen value of X=7 meters, the users dropped per HeNB have 70% probability of being inside the house. 
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Figure 4 Scalable model for HeNB house clusters.

All simulations are for the full buffer traffic model. A 2x2 antenna configuration is assumed for all links. A simple equal resource sharing packet scheduling algorithm is assumed. Thus, if there is only a single UE connected to a low power eNB, this particular UE is scheduled over the full bandwidth. For cells with Q UEs, each UE is on average scheduled on 1/Q of the bandwidth. A system bandwidth of 10 MHz is assumed in the following.
4.2 Downlink performance results
The proposed power control formula have been evaluated for different settings of α and β parameters, to show how well macro cell UEs in downlink are protected from excessive interference from CSG femtocells.. Results for a dense scenario with 10 clusters of 4 buildings with HeNBs are presented in Figure 5 and Figure 6. Figure 5 shows the cumulate distribution function (cdf) of the user throughput for the macro cell users for different configurations. The black curve is the result with macro cells only, i.e. without any interfering HeNBs. The red curve is for cases with  HeNBs transmiting at constant max power (i.e. without any HeNB PC). Comparing the latter two cases, we see a significant penalty in macro user throughput from having co-channel operation of HeNBs without any power control, which is obviously unacceptable. However, when enabling the HeNB power control with beta=45 dB and alpha=1, the situation is improved remarkably. With the latter, setting we nearly see the same performance at the 5% user throughput level as without HeNBs, i.e. in coherence with what the PC algorithm is designed to do. Despite the reduction for some of the HeNBs, we still observe attractive data rates for HeNB users in excess of 10 Mbps per user, and significant gains in macro area throughput (i.e. some of throughput for all users) from having HeNBs. Notice that the improved macro cell user throughput from enabling HeNB with PC also comes from offloading of traffic.
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Figure 5 Macro user throughput for different power control parameters.
In order to provide further insight, Figure 6 shows the cdf of the experienced macro user SINR. From these results it is clearly visible how the experienced SINR for the cell-edge macro users is degraded if having co-channel deployment of CSG HeNBs without PC. However, with the proposed HeNB PC algorithm enabled, a significant improvement in the SINR is observed.
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Figure 6 Macro user SINR for different power control parameters.
.
5. Concluding remarks
In this contribution we have presented our view on HeNB interference management for LTE Rel-9. Our recommendation is further investigate of HeNB controlled power adjustment mechanisms. Such mechanisms are useful for controlling that addition co-channel deployed HeNBs cells does not jeopardize the macro cell performance. Two classes of power control schemes are identified, namely: pure HeNB measurement assisted and UE measurement and network signaling assisted. It is suggested to use the pure HeNB measurement assisted scheme as the baseline, and not consider more advanced schemes requiring new signalling between network components for Rel-9. The latter is in coherence with latest discussions in RAN WG3, where no direct signalling between HNBs and macro RANs shall be treated in UTRAN Rel-9. Our presented performance results for HeNB power control confirm that such solutions are promising, although further studies are needed before concluding on the exact power control formula for LTE Rel-9. Thus, we propose to include such solutions in Rel-9 for both FDD and TDD.
Further interference management enhancements beyond Rel-9 (for LTE-Advanced) are discussed in [7]-[8].
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