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1. Introduction

In RAN1 62 meeting, the eICIC way forward, [1], has stated that the gains for cell range expansion is still FFS for Macro-Pico scenario.  It was studied extensively in previous meetings that the severity of the inter-cell interference is highly dependent on the extent to which the range of Pico cell is expanded. In this contribution we give our view on the extent of range expansion in Macro-Pico scenario.
2. Range expansion
In Macro-Pico scenario, range expansion could improve cell edge UE throughput because it can balance the load among Macro and Pico eNBs. This would be most obvious for small number of Pico eNBs and uniformly distributed UEs. When there is 1 Pico per cell and UEs are uniformly distributed in the network, the attachment rate for Pico eNB is roughly 7%. In the case of 30 UE/cell, each Pico eNB serves 2 UEs on average, while the rest 28 UE/cell are served by the Macro eNB. Thus the overall cell edge UE throughput is limited by the much smaller average system bandwidth a Macro UE could get compared with a Pico UE. 
When the Pico eNB’s range is expanded, more UEs will be attached to the Pico eNB which results in lower Pico UE geometry SINR and lower average system bandwidth for Pico UE. This will increase the low end Macro UE geometry SINR because more low SINR macro UE will attach to its major Pico interferer.
The overall cell edge UE throughput will keep being improved when we increase the Pico’s range until the cell edge UE throughput of Pico eNBs comes close to that of the Macro eNBs. 
Mathematically, it can be described as Equation (1) below:
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                                      Equation (1)
where 
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 is the cell edge SINR of concern when there is no range expansion applied and 
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 is the Reference Signal Received Power(RSRP) bias value in dB which is used to measure the range being expanded
Equation (1) can be expanded to Equation (2):
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    Equation (2)
where 
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 is the Pico cell attachment rate when 
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 dB range expansion is applied  to Pico cell. It is assumed that the cell edge SINR for Macro UE does not degrade significantly when RE is applied while it decreases linearly to RSRP bias value for Pico UE.
Equation (2) can be rewritten as equation (3) where the left-hand side of the equation is the Pico/Macro attachment ratio and the right-hand side of the equation is the Pico/Macro average spectrum efficiency ratio. Thus for a given SINR, there exists one bias value 
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 which can balance the load among Macro and Pico. 
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                         Equation (3)
Figure 1 gives an insight to Equation (3) regarding the load balancing effect. 
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Figure 1, Macro-Pico load balancing effect

It can be seen from Figure 1 that the best bias value for Pico eNB is between 8dB to 10dB. The best bias value increases by a small amount when the SINR increases. As illustrated in figure 1, when the load is balanced, the percentage of UE that Pico eNB serves is roughly 20% to 25% of that served by the Macro eNB. The same percentage applies for the average SE ratio as well.
[image: image10.emf]0 3 6 9 16

0

200

400

600

800

1000

1200

1400

1600

UE throughput

RSRP Bias (dB)

kbps

 

 

Avg UE (kbps)

5% UE (kbps)

50% UE (kbps)


Figure 2, System level simulation results for Macro-Pico scenario
The results obtained by numerical analysis (as shown by figure1) greatly match the system level simulations provided in Figure 2. The above observation confirms an 8-10dB bias is sufficient for Macro-Pico scenario. The simulation assumptions strictly follow [2]; we use configuration 1 in which 30UEs/cell are uniformly dropped in the simulation area. We consider 2Tx, 2Rx with SFBC transmission and UE uses frequency selective CQI reporting. We consider PDSCH uses reuse-1 in which both Macro and Pico will utilize the whole system bandwidth to transmit data to its served UEs. It is shown that a 9 dB bias provides a maximum of 50% UE throughput. On the other hand, average UE throughput decreases when the Pico is range expanded.
Observation: For Macro-Pico scenario, roughly 8-10dB range expansion for Pico is needed. If PDCCH can operate without any changes for 5dB RE, an additional interference mitigation method [3] is needed to further expand the PDCCH working range for 3-5dB.  
3. Conclusion
In this contribution we have given our view on range expansion in Macro-Pico scenario. We have used both mathematical analysis and numerical simulations to verify the gain of Pico eNB range expansion. The results from both analysis and simulation match very well. The cell edge throughput gain is observed for Pico eNB range expansion; however; average cell edge throughput gain is not observed. Our view is roughly 8-10dB RE is needed to expand the range of Pico eNB when there is smaller number of Pico eNB in the system and UEs are uniformly distributed in the whole network. If PDCCH can operate with 5dB RE, then roughly 3-5dB interference mitigation capability is needed for PDCCH. 
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