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1 Introduction
The conclusion of the Rel-9 study of HNB interference management was to focus on a limited number of methods (so-called Method1-1, 2-2 and 2-4) and “not to exclude studying and specifying” further methods addressing the HNB to macro UE interference scenario [1].

A further Work Item on enhanced interference management for HNBs was opened at RAN#47 [2]. An initial technical proposal [3] describes a method based on an HNIM training period for reporting the macrocell signal strength measurements by non-CSG UEs to the HNBs. In this contribution, we discuss a number of radio interface related aspects of the proposal [3]. In the light of the discussion, we recommend that:
· NLM-based power control is an essential prerequisite for successful HNB interference management.

UE reports may provide some fine tuning for the NLM-based power control in certain scenarios. However, it is not clear how much benefit there is from collecting reports from non-CSG UEs, compared to CSG UEs.
2 Discussion

2.1 NLM Based Interference Management
In this section, we briefly recall the benefits of NLM-based interference management. Its operation has been described in a number of documents [4][5][6], and is based on capping the maximum TX power of a femtocell according to the highest co-channel macrocell power measured by the NLM (see the Annex for further details). The NLM-based PC algorithm is simple and realistic for standardization within the time-frame for Rel-10. In particular, it has the following characteristics:

· The NLM-based PC only affects standardization and implementation for the HNBs.
· No additional signalling between macro-NBs and/or HNBs is required for this solution.
· No measurements or support from UEs is required.

The benefits of NLM-based PC are exemplified in figure 1. In absence of PC (i.e. femtocells transmitting at 20dBm), ~24% of macrocell UEs experience SINR below 0 dB, whereas in presence of PC this is reduced to ~6%. The SINR was calculated as:
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where SF=16 and G is the geometry. See the Annex for further simulation assumptions.
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Figure 1  Macro-cell UE SINR distribution in the presence of co-channel HNB deployment.
Conclusion: The NLM is a simple and effective means of HNB interference management.

2.2 Initial Transmit Power Setting
HNB power control mechanism can be broadly classified as:
· Proactive, where HNB TX power is tuned to the prevailing radio conditions before the HNB starts transmitting.

· Reactive, where the HNB TX power is tuned to the prevailing radio conditions after the HNB starts transmitting.

The NLM (Network Listen Module) is an example of a proactive mechanism, with the advantage of a short activation time at a TX power adjusted to the radio environment.

The method of HNIM by training period [3] falls into the reactive category, where the TX power is adjusted after some deployment dependent delay. There is a risk of incorrectly setting the initial TX power incorrectly and either incurring co-channel interference to the macro layer (TX power too high), or not providing sufficient coverage to HUEs (TX power too low). On the other hand, as a large number of measurements become available with time, it may be possible to adjust the end HNB TX power with a high accuracy.
Conclusion: A proactive method is essential for HNB interference management. A reactive method alone is not sufficient, but it may offer fine-tuning on top of the proactive method.
2.3 Macro Layer Measurement Collection Options
The intention of the training period [3] is to collect macro layer measurements from non-CSG terminals in located in the radio vicinity of the HNB.
· Such measurements may allow the power control algorithm to make a more informed choice, in addition to the single-measurement based NLM. On the other hand, reported UE measurements are inherently dependent on UE location during training; there is a risk that the set of UE locations “post training” is different, leading to interference issues.
· The behaviour of the UE measurement based mechanism is deployment dependent. For example, consider the scenario shown in figure 2: reports are collected from outdoor UEs (figure 2), falsely indicating macro NB proximity. This would lead to the HNB unnecessarily increasing the transmit power and a macro coverage hole.

· As an alternative to the training period, consider collecting macro layer measurements from the CSG terminals camping on the HNB during normal HNB operation. In the long run, it is likely that such measurement statistics will be similar to those collected in the training mode. Further, there are scenarios where such an approach would be clearly beneficial as illustrated in Figure 2.
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Figure 2  Scenario where collecting macro layer measurements from CSG UEs is beneficial.
Conclusion: UE report-based IM can be counterproductive in some scenarios. NLM-based power settings may also be fine-tuned based on macro layer measurements supplied by CSG UEs.

2.4 Standardization Aspects

The proposal [3] outlines the behaviour of a HNB during the training period; it is our understanding that the HNB would be able to enter the training period autonomously. It is important to understand what, if anything, would need to be standardized in the context of the training period.

Question: Does anything need to be standardized for the “training period” based NHB interference management?
3 Conclusion
A proactive HNB power control mechanism, that adjusts the femtocell TX power before the transmission is started, is essential for successful roll-out of femtocells. In this contribution, we recall the benefits of NLM-based proactive power control. A proactive mechanism may be complemented by a reactive mechanism, based on collecting UE measurements, although there are scenarios (figure 2) where such mechanism are likely to be counterproductive if non-CSG UE measurements are collected in addition to CSG UE measurements.
As we recommend the following way forward:

· Adopting NLM-based power control as pre-requisite for HNB interference management.

· Clarifying the benefit of collecting non-CSG UE reports during the training period, in addition to the possibility of collecting CSG-only UE reports during normal operation.

· Clarifying the impact of unfavourable scenarios (figure 2) to MUE SINR distribution.
4 Appendix: 
Simulation Assumptions

Downlink performance results were generated for macro + CSG HNB cases, assuming the dense urban dual stripe model for the HNBs. Both the deployment and channel models are aligned with [7] with some details highlighted below:

· 1 dual stripe block per macro cell, 3 floors per building

· Deployment ratio 0.25

· 200 users dropped per macro cell area, 80% of macro users located indoors

· Maximum HNB transmit power of 20dBm

· RSCP-based cell allocation

· Pure co-channel deployment: both macro and HNBs operate on the same carrier.
The performance of pure co-channel deployment can be optimized by using power control of HNBs maximum transmit power to reduce the probability of coverage holes. The HNB transmit power is adjusted according to
Ptx  =  max(min(α · PM  + β , Pmax), Pmin) [dBm],



(1)
where Pmax = 20dBm and Pmin = 0dBm are the minimum and maximum HNB transmit power, while PM is the received power from the strongest co-channel macro cell. The parameter  was set to 1 and the parameter  to 55dBm. The formula (1) is illustrated in figure 3. It is envisaged that the values of parameters  and β would be pre-configured, but the operator would retain the option of signaling updates, to achieve increased macro- or femto-layer protection, whichever is more desirable.
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Figure 3  NHB power control  (with  set to 1).
Further Simulation Results

In figure 4, we quote further simulation results after [9] (where detailed simulation assumptions can be located). The motivation is to demonstrate that the NLM-based algorithm can be parameterized to suit different strategies, for example:

· PC1:  = 70 dBm
· PC2:  = 120 dBm (macro-protective)

It should be stressed that the parameterization applies to the entire deployment i.e. there are no differences between individual femtocells.
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Figure 4  Different NLM PC parameterizations to suit different IM stategies. RE SINR is shown.
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