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7.1 Solutions for Co-Channel Scenarios
7.1.1
Solutions for Legacy Terminals
This section contains link budget analysis to derive the condition for balancing or matching the UL and DL coverage, defined as a situation where the UL and DL coverage boundaries coincide.
Following the analysis, a number of solutions are described that are applicable to all UEs, including legacy UEs not implementing Rel-12 functionality.
7.1.1.1
DL Coverage Boundary
Assuming that:

· 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 same UE receiver functionality is employed for reception from each Node B.
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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(EQ1)

where 
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 is the maximum transmit power; 
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, 
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 are the network node TX antenna gains towards the UE, 
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 is UE antenna gain (same towards both nodes), and 
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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 the CIO.

7.1.1.2
UL Coverage Boundary

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

· Receiver factors, 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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(EQ2)

where 
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 corresponds to UE TX power, 
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 is UE antenna gain (same towards both nodes), 
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 is the pathloss, 
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, 
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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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 is the thermal noise power (same assumed in either node), 
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 is the receiver noise figure, 
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 is the rise-over-thermal value dependent on UL cell load and scheduler implementation, 
[image: image19.wmf]i

eq

G

.

 captures the potentially different equalizer implementation for each node.

7.1.1.3
Matching the UL and DL Coverage
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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 and 
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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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, respectively;
equations (EQ1) and (EQ2) can be simplified and combined, leading to the following condition for UL/DL coverage match i.e. the UL and DL coverage boundaries coinciding:
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(EQ3)

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 receiver implementation.

The UL/DL mismatch or imbalance 
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 can be defined as the difference between the left and right hand side of (EQ3):
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A positive mismatch value results in the situation illustrated by Figure X, 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 what mismatch value leads to maximum system capacity.

7.1.1.4
Example Solutions
Several solutions to handle the UL/DL imbalance that are applicable to all users, including legacy users, can be envisioned, such as

· LPN Padding/Desensitization – By increasing the LPN noise figure, 
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, the UE served by the LPN needs to increase the transmit power to reach the SIR target. LPN Padding/Desensitization is a way of reducing/removing the imbalance between UL and DL.
· Macro Node B TX power reduction.

· RoT target adjustment.

· SIR target manipulation – Another way to ensure that the DPCCH SIR does not decrease too much in the LPN serving cell is to manipulate the SIR target, for example setting a floor to the SIR target. 

· Parameter tuning – Yet another alternative to decrease the imbalance region and the effect from the imbalance is to adjust available parameters, such as beta-values (delta values), employ repetition, or adjust cell individual offsets and SHO parameters. These adjustments can be semi-static or dynamic.

All these methods provide solutions that aim at reducing or limiting the UL/DL imbalance. However, at the same time some of these methods reduce some of the benefits offered by a heterogeneous network deployment. For example, desensitization and SIR target manipulation imply that the interference level increases towards the macro nodes. Macro node TX power reduction may negatively affect coverage and excessively increasing the RoT or SIR target may affect UL stability.
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