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1. Introduction

In RAN1 #68 meeting, the issues on the interference control in CELL-FACH were discussed and the following agreement was made [1].

Agreement: 
· Adopt a Common E-RGCH channel based interference control for Rel-11 UEs in CELL_FACH
In this contribution, some concerns on the common E-RGCH based inter-cell interference control are raised. It is proposed to make some enhancement to the common E-RGCH scheme to improve the throughput of CELL-FACH UE. 
2. Discussion
As discussed in previous meetings, the CELL_FACH throughput may be reduced excessively by the common E-RGCH scheme [2][3]. In RAN1#66bis, it was raised by RAN1 that evaluation should focus on the following [4].

· Suitable rules are defined to prevent excessive reduction of CELL_FACH throughput, by preventing every UE from obeying every RG.
If the conditions of monitoring common E-RGCH from several neighbour cells are satisfied, UE will monitor those common E-RGCHs for serving grant control. The neighbour cells will send down commands on the common E-RGCH independently, when they detect the inter-cell interference is high enough. Therefore, a UE may receive several down commands from these cells, and the serving grant of the UE will be reduced several times, which may not be necessary. The throughput of UE will be excessively reduced.
On the other hand, when the Node B of a cell detects that the inter-cell interference component has crossed a threshold, it begins to send down commands on this common E-RGCH to control the CELL-FACH UE of neighbour cells. However, all the UE satisfying the conditions of monitoring the common E-RGCH will be commanded “down”, even though actually the inter-cell interference is mainly contributed by only part of these UEs. The serving grant of other harmless UE will also be reduced. The overall throughput of CELL-FACH will be excessively reduced.
As raised above, the current procedure of common E-RGCH based inference control is relatively rough. Some rules for determining which UEs obey the common E-RGCH commands and how UEs adjust their serving grant need to be suitably defined. The following rules could be considered to improve the common E-RGCH based interference control procedure. 
· Rule 1: The UE will not obey the common E-RGCH commands from neighbour cells if its serving grant is lower than a configured threshold. 
When the Node B detects the inter-cell interference is high, it will send down command through common E-RGCH to reduce the serving grant of CELL-FACH UE in neighbour cells. But the Node B cannot know exactly which UEs make the interference. Also, the neighbour cells send the down commands on the common E-RGCH independently. A UE may receive several down commands from neighbour cells. So the procedure of interference control is blind and rough. It is not avoidable that the serving grant of a CELL-FACH UE will be reduced excessively. 
Due to the lack of macro diversity in CELL-FACH, the power of DPCCH of a CELL-FACH UE cannot be controlled by neighbour cells. When the serving grant is reduced to a certain extent, the interference is mainly contributed by the transmission of DPCCH. It is not meaningful to continue reducing the serving grant. The Node B can control the overall interference level by controlling the serving grant of UEs in the serving cell.
A serving grant threshold can be set to guarantee that the serving grant of a CELL-FACH UE will not be reduced by common E-RGCH commands excessively. If the serving grant of a CELL-FACH UE is lower than a configured threshold, it will not obey the common E-RGCH commands from neighbour cells. 
Proposal 1: The UE will not obey the common E-RGCH commands from neighbour cells if its serving grant is lower than a configured threshold.
· Rule 2: Multiple thresholds should be set for UE to decide to monitor the common E-RGCH channel. When the measurement result of UE meets one of these thresholds, it will listen to the corresponding RG commands carried on the common E-RGCH from neighbour cells. 
The threshold could be the Ec/N0, RSCP or Pathloss measured by UE. 
It was proposed in [5] that a Rel-11 CELL_FACH UE will only listen to a common E-RGCH from a neighbour cell if the cell’s received Ec/Io passes the Event 1a criteria. However, the setting of only one threshold will make the interference control procedure rough.

As mentioned above, all the UEs that detect the measurement result of a cell has passed the threshold will listen to the common E-RGCH channel. Their serving grant may be commanded “down”, even though actually the inter-cell interference is mainly contributed by only part of these UEs which is more likely to cause the interference. Or the inter-cell interference shall be controlled to a low level as long as only part of these UEs’ serving grants need to be commanded “down”. The serving grants of other UEs may be not needed to be commanded “down”. The overall throughput of CELL-FACH will be excessively reduced. 
To make the interference control more smoothly, multiple thresholds could be set. Each threshold corresponds to a command carried on an individual signature on the common E-RGCH channel. Node B can separately control the interference of UEs which detect the measurement result passes the different thresholds. 
For example, when the Node B detects the inter-cell interference is high, it can firstly control the serving grant of the UEs which detect the measurement result passes the highest threshold. Then if the inter-cell interference has been controlled to a low level, it is not necessary to control the other UEs’ serving grant. When a UE detects that the measurement result passes one of these threshold, it will listen to common E-RGCH channel and obey the command carried on the corresponding signature. 
Figure 1 shows the inter-cell interference control procedure with multiple thresholds. The UE 1, 2, 3 are served by the cell 1, and UE 4,5,6,7 are served by the neighbour cells. For UE 4 and 5, the measurement result of cell 1 passes the threshold 1. They will listen to the common E-RGCH channel and obey the command carried on the signature 1. For UE 6 and 7, the measurement result of cell 1 passes the threshold 2 but does not pass threshold 1. They will listen to the common E-RGCH channel and obey the command carried on the signature 2.
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Figure 1: Inter-cell interference control with multiple thresholds
The advantage of introducing multiple thresholds is more remarkable for Heterogeneous Network scenario. Traditional cell reselection in CELL_FACH is based on the received downlink signal strength. However, the strength of the signal on the uplink received at each cell is independent of the received downlink signal strength. Consequently, UL imbalance may be happen due to cells other than the serving cell receiving stronger signals from the UE than the serving cell.
Figure 2 shows the UL imbalance scenario in Homogeneous Network. The UE is served by the macro cell 1, and it is in the geographical area between uplink boundary and the downlink boundary. Interference to the macro cell 2 will occur as a result of the UL imbalance. However, the UL imbalance between macro cells may be very tiny. 
Figure 3 shows the UL imbalance scenario in Heterogeneous Network. In heterogeneous networks, the difference in transmit power between a macro cell and a low power cell will cause the uplink and downlink boundary to be quite different. It could potentially cause large UL imbalance due to cells other than the serving cell receiving much stronger signals from the UE than the serving cell. 
The UL imbalance between a macro cell and a low power cell is potentially much larger than the imbalance between macro cells. For a UE that is served by a macro cell and in the geographical area between uplink boundary and the downlink boundary, even if the measurement results of a neighbour cell are the same, the degree of the interference to the different kind of neighbour cell is much different. Higher interference will occur to a low power neighbour cell than to a macro one. The introducing of multiple thresholds facilitates the interference control by the different kind of cells in Heterogeneous Network. 

[image: image2.emf]Macro cell 1 (serving cell) Macro cell 2 (neighbour cell)

UL coverage boundary

DL coverage boundary

UL imbalance(very tiny)

C

o

m

m

o

n

 

E

-

R

G

C

H


Figure 2: Homogeneous Network UL Imbalance Scenario
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Figure 3: Heterogeneous Network UL Imbalance Scenario
To be concluded, Rule 2 could allow the Node B to control the inter-cell interference of CELL-FACH UEs gradually, and avoid the excessive reduction of CELL_FACH throughput. Rule 2 also facilitates the interference control by the different kind of cells in Heterogeneous Network. So it is proposed:
Proposal 2: Multiple thresholds should be set for UE to decide to monitor the common E-RGCH channel. When the measurement result of UE meets one of these thresholds, it will listen to the corresponding RG commands carried on the common E-RGCH from neighbour cells.
Rule 1 is aimed to prevent excessive reduction of CELL_FACH UE’s throughput. Rule 2 allows the Node B to control the inter-cell interference of CELL-FACH UEs gradually, at the same time avoid the excessive reduction of CELL_FACH UE’s throughput. Either or both of the two rules can be applied to improve the common E-RGCH based inter-cell interference control. 
3. Conclusion
In this contribution, some concerns on the throughput of CELL-FACH UE are raised when the common E-RGCH based inter-cell interference control is applied. Two rules for the common E-RGCH based scheme are discussed and proposed to improve the throughput of CELL-FACH UE. 
Proposal 1: The UE will not obey the common E-RGCH commands from neighbour cells if its serving grant is lower than a configured threshold.
Proposal 2: Multiple thresholds should be set for UE to decide to monitor the common E-RGCH channel. When the measurement result of UE meets one of these thresholds, it will listen to the corresponding RG commands carried on the common E-RGCH from neighbour cells.
Proposal 3: It is proposed to send LS to RAN2, in which RAN2 is asked to study some mechanisms to allow the UE to evaluate the cells for which common RG shall be monitored before the UE initiates uplink transmission.
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