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1 Introduction
The potential mismatch between the UE UL coverage and the DL coverage of the surrounding network nodes in the co-channel scenario has been identified as the source of interference-related issues in HetNet deployments, such as [1][2][3][4]:

· Macro UE interference towards low power node (LPN) UL.

· Low HS-DPCCH reception reliability at a serving macro Node B during soft handover.

· Low HSUPA Scheduling Information (SI) and happy bit reception reliability at a serving macro Node B during soft handover.

· S-DPCCH reception reliability at a serving macro Node B during soft handover.

· FBI reception reliability at a serving macro Node B during soft handover.

In this document, we analyse the root problem and establish the conditions that allow re-matching the UL and DL coverage. The analysis shows that re-matching can be achieved through a combination of the relatively straightforward mechanisms of network node TX power reduction, receiver de-sense and RoT adjustment [1][4][5][6][7].
We propose including coverage matching in TR 25.800; a text proposal is provided at the end of this document.
Further discussion of solutions to the co-channel case and of the simulation assumptions can be found in our document [8].

2 Terminology

We have experienced that the use of the term ‘coverage imbalance’ in the context of HetNets may lead to confusion. We suggest the following disambiguation, which is used in our contributions:

DL Coverage Difference: As a consequence of different maximum TX powers, different types of network node have different DL coverage. We prefer not to use the term ‘imbalance’ here as maximum TX power difference is not necessarily a disadvantage; for example, low transmit power is a cost efficiency enabler.
UL/DL Coverage Imbalance: DL/UL coverage imbalance is associated with the fact that the DL coverage of a network node, transmitting at maximum power, is typically larger than the UL coverage of a UE due to the difference in maximum TX powers between a network node and a UE.

UL/DL Mismatch: This refers to UL coverage of a UE being ill matched to the DL coverage of the geographically neighbouring network node(s), be it serving or non-serving. Significant UL/DL mismatch does not typically occur in a homogeneous network, but it may be the origin of interference problems in a HetNet.

3 Analysis

The well-documented UL/DL coverage mismatch [1][4][6][7], which may occur in a HetNet under some assumptions, is depicted in Figure 1. As the DL and UL coverage boundaries do not coincide, maintaining UEs in soft handover is challenging or impossible. The macro-served UE can be located in the vicinity of the LPN, which does not belong to UE’s active set. Therefore, significant interference is injected onto the LPN UL.
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Figure 1  Mismatch between the macro UE UL coverage and the non-serving LPN DL coverage.

3.1 DL Coverage Boundary

We wish to describe mathematically the DL coverage boundary between a macro Node B and an LPN. We make the following assumptions:

· The RRM decisions are based on primary CPICH RSCP or Ec/N0.

· The 
[image: image2.wmf]or

CPICH

c

I

E

,

 setting is the same at each node.

The DL coverage boundary is defined as the locus where received CPICH RSCP from both types of node, seen at the UE antenna port, is equal. This can be written as:
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where 
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 is the maximum transmit power; 
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 are the network node TX antenna gains towards the UE, 
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 is the pathloss. The values are taken in the logarithmic domain i.e. in dB and dBm.

It should be noted that we refer to the physical DL coverage boundary, rather than the boundary biased by offset terms such as CIO.
3.2 UL Coverage Boundary

Compared to the DL, the UL coverage boundary is affected by additional factors specific to each network node, namely:

· The receive chain capability, including the number of RX antennas, receiver sensitivity or equalizer implementation.

· The cell load.

The UL coverage boundary is the locus that leads to the desired signal SNR, taken at the channel decoder input, is the same. This can be written as:
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where 
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 corresponds to UE TX power, 
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 are the network node RX antenna gains towards the UE, 
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 are gains relating to RX antenna diversity (if present), 
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 captures the potentially different equalizer implementation for each node.
3.3 Matching the UL and DL Coverage

Equations (1) and (2) can be simplified by removing identical terms from the left and right hand sides and by assuming that:

· The UE antenna gain is identical in UL and DL.

· The network node antenna gains are identical in UL and DL and denoted 
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· The pathloss between the UE and network node is identical in UL and DL and is denoted 
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This leads to the following parallel equations:
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Rearranging the parallel equations leads to the following condition for UL/DL coverage match i.e. the UL and DL coverage boundaries coinciding:
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The following observations can be made:

· The condition is not dependent on UE-specific parameters.

· The condition is not dependent on the pathloss elements or network node antenna gain towards the mobile station.

· The condition is dependent solely on network node characteristics: transmit power, antenna subsystem, noise figure, cell load and L1 receiver implementation.

The UL/DL mismatch 
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 can be defined as the difference between the left and right hand side of (3):
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A positive mismatch value results in the situation illustrated by Figure 1 where a UE served by the macro cell causes excess interference of 
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 dB into a neighbouring LPN cell.

The Node B parameters such as 
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 may be set to achieve the desired mismatch. It needs to be studied whether the 0 dB mismatch leads to maximum system throughput.
3.4 Matching the UL and DL Coverage: Examples

Equation (3) can be applied to obtain a number mechanisms for matching UL and DL coverage. Examples of such mechanisms are given below, with further simplifying assumptions:

· 
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 i.e. each node experiences similar rise-over-thermal. Although instantaneous RoT values may vary, the (approximate) equality can be enforced in the long-term since RoT is controlled by the RNC and Node B schedulers.

· 
[image: image35.wmf]0

,

,

=

-

LN

eq

MN

eq

G

G

 i.e. each type of node implements the same equalizer technology.
We pose the question: how to set the Node B parameters so that the approximate equality holds:
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3.4.1 Example 1: Coverage Matching via MNB TX Power Reduction
If, in line with the baseline simulation assumptions [9], each type of Node B is characterized by the same receive antenna solution 
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, the remaining degree of freedom is to reduce the macro Node B maximum transmit power by setting:
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This corresponds to the LPN range expansion method [10], illustrated in Figure 2. The UL and DL coverage are correctly matched i.e. UE UL coverage matches the DL coverage of the serving node (in this case, the LPN), while excessive UL interference towards the non-serving node is avoided.
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Figure 2  Coverage matching via MNB TX power reduction.

3.4.2 Example 2: Coverage Matching via LPN Pathloss Compensation

If we assume the same receive antenna solution 
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 at each Node B type, and wish to maintain different maximum transmit powers, the remaining degree of freedom is to set the LPN receiver sensitivity as:
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This corresponds to LPN receiver de-sensing [5][6][7], which can be interpreted as increasing the effective UL pathloss between the UE and the LPN. Thus, as shown in the example in Figure 3, the UE UL can be correctly matched to the serving macro Node B DL, as well as to the LPN DL in the sense that it does not inject excessive interference into the LPN UL.
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Figure 3  Coverage matching via LPN pathloss compensation.

4 Conclusion

In this contribution, we described a general framework for UL/DL coverage matching, which can be achieved by setting the following network parameters:

· The Node B maximum transmit power, 
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· The Node B noise figure, 
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, which affects receiver sensitivity.

· The Node B (maximum) UL 
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 level.
We propose including coverage matching in TR 25.800, a text proposal is provided below.
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[7.1 Solutions for Co-Channel Scenarios]

[7.1.1]
DL Coverage Boundary

We wish to describe mathematically the DL coverage boundary between a macro Node B and an LPN. We make the following assumptions:

· The RRM decisions are based on primary CPICH RSCP or Ec/N0.

· The 
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 setting is the same at each node.

The DL coverage boundary is defined as the locus where received CPICH RSCP from both types of node, seen at the UE antenna port, is equal. This can be written as:
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where 
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 is the pathloss. The values are taken in the logarithmic domain i.e. in dB and dBm.

It should be noted that we refer to the physical DL coverage boundary, rather than the boundary biased by offset terms such as CIO.

[7.1.2]
UL Coverage Boundary

Compared to the DL, the UL coverage boundary is affected by additional factors specific to each network node, namely:

· The receive chain capability, including the number of RX antennas, receiver sensitivity or equalizer implementation.

· The cell load.

The UL coverage boundary is the locus that leads to the desired signal SNR, taken at the channel decoder input, is the same. This can be written as:
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where 
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 are the network node RX antenna gains towards the UE, 
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 is the rise-over-thermal value dependent on UL cell load and scheduler implementation, 
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[7.1.3]
Matching the UL and DL Coverage

Equations (1) and (2) can be simplified by removing identical terms from the left and right hand sides and by assuming that:

· The UE antenna gain is identical in UL and DL.

· The network node antenna gains are identical in UL and DL and denoted 
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· The pathloss between the UE and network node is identical in UL and DL and is denoted 
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This leads to the following parallel equations:
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Rearranging the parallel equations leads to the following condition for UL/DL coverage match i.e. the UL and DL coverage boundaries coinciding:
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The following observations can be made:

· The condition is not dependent on UE-specific parameters.

· The condition is not dependent on the pathloss elements or network node antenna gain towards the mobile station.

· The condition is dependent solely on network node characteristics: transmit power, antenna subsystem, noise figure, cell load and L1 receiver implementation.

The UL/DL mismatch 
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 can be defined as the difference between the left and right hand side of (3):
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A positive mismatch value results in the situation illustrated by Figure 1 where a UE served by the macro cell causes excess interference of 
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 dB into a neighbouring LPN cell.

The Node B parameters such as 
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 may be set to achieve the desired mismatch. It needs to be studied whether the 0 dB mismatch leads to maximum system throughput.

-------------------------------- END OF TEXT PROPOSAL FOR TR 25.800 -------------------------------
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