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1 Introduction

In the RAN#39 meeting, the WI on FDD Home NodeB RF requirements [1] was agreed and was defined to have two objectives.  Objective 2 identifies the need for a TR in the 900 series to be created; this will capture guidance on the control of the HNB output power such that DL interference into neighbouring cells can be mitigated.
In this contribution we propose an extension to the information to be captured under this second objective, such that additional Radio Resource Management considerations are addressed for HNB – specifically on the UL.
This contribution has been generated as a result of simulation and modelling work carried out by members of the Radio and Physical Layer working group of the Femto Forum, a 3GPP Market Representation Partner.
2 Discussion

Objective 2 of the HNB work item description [1] states:

“TS 25.802 showed that for the CSG HNB there are occasions where overall system performance may be enhanced by controlling the HNB output power dependent on the strength of signal from the macro cell layer and from other HNB.  Control of CSG HNB output power mitigates interference to the macro layer and other CSG HNB.  Correspondingly, Objective 2 is to ensure that operators have the ability to achieve control of HNB power; in particular, the work should cover but not be limited by the following, 

· The operator has the means to obtain measurements of the strength of signals and the identity (to allow macro neighbour cell list building) from the macro cell layer and from other HNBs. Measurements may be made by the HNB or may make use of existing measurements defined for the UE; no new UE measurements will be defined.  

· The operator has the means to set the maximum output power of the HNB, this is expected to introduce changes to TS 25.104.  Square bracketed values are suggested in 3GPP TR 25.820, further work will be conducted as required to agree appropriate values.

· The operator has guidance on how to control HNB power and expected performance levels in the relevant scenarios, work will be conducted to investigate if the same mechanism may be used to for controlling HNB power versus the macro cell layer and versus other HNB.  Additionally, similar mechanisms may be applied to control HNB coverage in the case of open access HNB, an issue that was not explored in the Study Item.  A TR in the 900 series will be created in order to capture this guidance.”
Additionally, following analysis of HNB interference scenarios such as [4], [5], [6], [7] and [8] it has become clear that in certain deployment cases a degree of Radio Resource Management is required in a HNB beyond that expected from a typical Node B.  Control of HNB output power is one element that needs to be investigated, but does not in itself provide a complete solution as it does not address issues relating to UL interference.
Along with Maximum HNB Output Power two further aspects of RRM are presented below.  A justification for their inclusion in this analysis is given and a brief overview of how they might be addressed is provided.  It is proposed that all of these components are included in the 900 series TR [2] that is being created to capture the Objective 2 outputs.

2.1 Control of Maximum HNB Transmit Power
The first element of RRM requiring consideration is that of the maximum HNB transmit power.  This element is explicitly called out in the description of Objective 2 in the WID.
Controlling maximum HNB transmit power addresses interference scenarios 2 and 6 as defined in [3], where the aggressor is the HNB and the victim is the DL of either the macro cell layer or a neighbour HNB.
2.1.1 Justification for inclusion
While many HNB deployments can successfully co-exist with an existing macro network by using a fixed maximum transmit power level, particularly those on dedicated channels, there are still scenarios in which this is not possible.  In such cases control of the HNB maximum transmit power is necessary.

The level of DL interference created by a HNB can be managed by control of its maximum transmit power such that:
i) The size of the resulting macrocell “deadzone” around the HNB can be constrained to be no more than a defined limit, or;

ii) The range of the HNB can be tuned to a required coverage area, or;

iii) A compromise between i) and ii) can be met.

2.1.2 Overview of the RRM mechanism 
The mechanism for controlling the maximum HNB transmit power can be driven by measurements of the signal level received from the surrounding macrocell(s).  These measurements can potentially be made by UEs attached to the HNB or by the HNB itself using a “downlink receive” mode of operation.
One principle of operation is to identify the level of DL interference that would be experienced by UEs attached to the HNB based on the signal level of neighbouring cells.  The HNB transmit power can then be set to give a required coverage range in the presence of this interference.
Alternatively the signal level from neighbouring cells can be interpreted as the wanted signal for UEs not attached to the HNB.  The HNB transmit power can then be set on the basis of it being the interference to these UEs – in other words the power is selected such that a macrocell deadzone of a defined size is created.
2.2 Control of HNB Receiver Gain / Sensitivity
The second RRM element requiring consideration is that of the HNB receiver gain and related sensitivity.  This is an additional item beyond the direct requirements of Objective 2 in the WID.
Controlling maximum HNB receiver gain addresses interference scenarios 3 and 5 as defined in [3], where the victim is the HNB UL and the aggressor is a UE attached to either the macro cell layer or a neighbour HNB.
2.2.1 Justification for inclusion
One of the scenarios investigated as part of the HNB study item [3] was that of UL interference from uncontrolled (eg macro) UEs towards the HNB.  This is especially significant for CSG deployments; uncontrolled UEs may be located within the residence where the HNB is installed while still being attached to an external macro network.

Simulations [7] [8] have shown that under certain conditions the level of this interference can degrade the HNB UL performance.  In order to improve the co-existence of HNBs and macro UEs it may be necessary under such conditions to employ a mitigation strategy.
2.2.2 Overview of the RRM mechanism

One mechanism for accommodating high levels of UL interference at the HNB is based on automatic control of the receiver gain or desensitisation of the radio.  This has the effect of moving the dynamic range of the HNB receiver such that the interfering UE is no longer blocking the UL.

Adjustment of the receiver gain can be made automatically by the HNB, driven by measurements of receive total wideband power on the UL.  Blocking levels of UL noise rise can be detected and the receiver gain reduced accordingly.  This adjustment would only need to be made temporarily while the UL interference was strong and as soon as the noise rise was seen to fall the receiver gain could be returned to its original value.
The effect of such desensitisation would be to temporarily reduce the area of the HNB coverage on the UL, but this mitigation will help to ensure that continuity of service is maintained at the HNB in the presence of uncontrolled interferers.
2.3 Control of Maximum HNB UE Transmit Power
The third RRM element requiring consideration is that of the maximum UL transmit power signalled to UEs for UL radio links made to the HNB.  This is an additional item beyond the direct requirements of Objective 2 in the WID.
Controlling the maximum transmit power of HNB UEs addresses interference scenarios 1 and 5 as defined in [3], where the aggressor is a UE attached to the HNB and the victim is the UL of either the macro cell layer or a neighbour HNB.
2.3.1 Justification for inclusion
One of the scenarios investigated as part of the HNB study item was that of UL interference from HNB UEs towards neighbouring cells.  This is especially significant when a UE attached to a HNB is at the edge of its coverage, for example outside the property, but has good visibility of a neighbouring cell.  Under such extreme conditions the UL power transmitted by the UE could cause a measurable noise rise at the macro Node B impacting its UL capacity.
Such conditions are extreme and potentially unlikely in practice; HNB UE transmit levels will not typically cause significant noise rise at neighbour cells.  However to cover these extreme cases it is necessary to define a maximum limit for the allowed transmit power of UEs attached to the HNB.
2.3.2 Overview of the RRM mechanism

In order to evaluate the potential level of UL interference that can be caused by a HNB UE, it is necessary to estimate the path loss from the vicinity of the HNB to the neighbouring Node B.  This can be done using measurements of receive signal strength of the neighbouring cells – potentially made by UEs attached to the HNB or by the HNB itself using a “downlink receive” mode of operation.

The HNB can then determine a maximum allowed UE transmit power, based on this path loss estimate, such that the noise rise experienced at the neighbour cell is constrained to be within an acceptable limit.  This maximum power level would be signalled to the HNB UE as part of its normal RRC connection setup procedure.
3 Conclusion

In this contribution, we have identified three distinct aspects of RRM that require addressing in HNB:
· Control of Maximum HNB Transmit Power

· Control of HNB Receiver Gain / Sensitivity

· Control of Maximum HNB UE Transmit Power

In particular two new elements have been presented, beyond the existing control of HNB output power, which specifically address UL interference issues.
It is proposed that all of these components are included in the 900 series TR that is being created to capture the Objective 2 outputs of the FDD Home NodeB RF Requirements work item.  A Text Proposal to this end is provided in [9].
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