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1. Introduction

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

Agreement: 
· Configurable criterion (threshold, hysteresis, etc) in which a UE will listen to common E-RGCH if required.  The exact method (including the parameters in the criterion) is up to RAN2 and RAN4.
The exact criteria such as filtering mechanism and threshold evaluation of deciding to listen to the common E-RGCH are not decided yet. In this contribution, the criteria in which a UE will listen to the common E-RGCH are discussed. The intra-frequency virtual active set and multiple threshold scheme are proposed to improve the common E-RGCH based interference control. 
2. Filtering mechanism 
2.1 Way forward of filtering duration

The requirements on the filtering duration that is used to decide if a Rel-11 CELL_FACH UE will listen to a neighbour cell’s common E-RGCH were well discussed in [4]. The UE measurement performance requirements in CELL_FACH were specified in TS25.133 as following:

In the CELL_FACH state the measurement period for intra frequency measurements is 200 ms. When no measurement occasion cycle is activated, the UE shall be capable of performing CPICH measurements for 8 identified intra-frequency cells of the monitored set and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of 200 ms
That is to say the maximum latency of 200 ms may be undergone until the UE finds the suitable RG monitoring cells from possible maximum 32 intra frequency cells with current measurement performance requirement. If the UE starts to evaluate the cells for which common RG shall be monitored after the UE decides to initiate the uplink transmission, the latency will be unacceptable. In [4] a filtering duration of 50ms was deemed to be a reasonable value to determine if a Rel-11 UE should listen to common E-RGCH from a neighbour cell, which means enhancement of the UE measurement capability of performing CPICH measurements is needed.

Another alternative is to introduce virtual active set to reuse the current filtering, time to trigger mechanism as well as measurement requirements for Cell_FACH UEs. The UE can evaluate the cells for which common RG shall be monitored before the UE initiates uplink transition by introducing virtual active set in Cell_FACH. Since UE will always maintain virtual active set once the intra-frequency measurement is started, there will be no latency between the time when the UE acquires the common E-DCH resource and the time when the UE starts uplink transmission.
In our understanding, the method for virtual active set is the proper way forward, considering that it will be beneficial not to touch RAN4 UE requirement for Cell FACH UE. 

2.2 Introduction of intra-frequency virtual active set
In Cell-DCH states, the active set is adopted to control the RG monitoring for neighbours cells. The same methodology could be introduced in Cell FACH to control common RG monitoring. However, following the mechanism specified in DCH would introduce extra signalling consumption on both uplink and downlink for the maintenance of the active set. Therefore for CELL FACH UEs it is proposed to adopt a mechanism to maintain the active set involving less signalling, which could be called intra frequency virtual active set,. In such mechanism, the UE could maintain a virtual active set by using the event 1a/1b/1c indicated by the network in system information or dedicated signalling, without measurement report and active set update signalling, just as the virtual active set maintaining mechanisms used for the inter frequency measurement in the current specification. After the UE acquires the common E-DCH resource from Node B and begins to transmit data in uplink, the UE can start to monitor the common RG for cells contained in the intra frequency virtual active set. The advantages of this mechanism could be found in reducing the latency for recognizing the neighbours cells for which common RG shall be monitored without introducing any new UE measurement requirement, as the filtering for threshold has been executed in the procedure of active set updating before the UE initiates the uplink data transmission. It shall be mentioned that the maintenance of this virtual active set will not introduce any additional measurement requirement, as the intra-frequency measurement is always there when the UE is in the SHO region, regardless of virtual active set updating.
Proposal 1: Intra frequency virtual active set is proposed to be adopted for CELL FACH UEs to control the common RG monitoring cell set.
3. Threshold evaluation
3.1 Introduction of multiple thresholds
In [2], it was raised that the common E-RGCH based inference control can be further improved by introducing multiple thresholds for UE to decide to monitor the common E-RGCH channel. 
It was proposed in [3] that a Rel-11 CELL_FACH UE will only listen to a common E-RGCH from a neighbour cell from which if the received Ec/Io satisfies the Event 1a criteria. However, the setting of only one threshold is questionable for the efficiency and correctness of interference control procedure.

As mentioned in [2], all the UEs that detected that the measurement results of a cell have passed the threshold will listen to the common E-RGCH channel of that cell. Their serving grant may be commanded as “down”, even though actually the inter-cell interference is mainly contributed by only part of these UEs which are more likely to cause the interference. Alternatively 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 as “down”. The serving grants of other UEs maybe do not need to be commanded as “down”. The overall throughput of CELL-FACH will be excessively reduced.

To make the interference control working more smoothly, multiple thresholds could be configured. 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 above 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 above the highest threshold, i.e., to use the signature corresponding to the higher threshold to send the common E-RGCH command. 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 is above one of the thresholds, it starts to 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, if the measurement result for cell 1 is above 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, if the measurement result for cell 1 is above 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 small cell deployment 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 happen due to the cells other than the serving cell receiving stronger signals from the UE than the serving cell.
Figure 2 shows the UL imbalance scenario in macro cell deployment scenario. 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 a macro cell + small cell deployment scenario. Here the difference in transmitting power between a macro cell and a small 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 small 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 small cell than to a macro one. The introducing of multiple thresholds facilitates the interference control by the different kind of cells in small cell deployment scenario. 
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Figure 2: Homogeneous Network UL Imbalance Scenario
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Figure 3: Heterogeneous Network UL Imbalance Scenario
The following is the general description of the procedure of the common E-RGCH based inference control with multiple thresholds.
· Multiple thresholds are configured for the UE to decide to monitor the common E-RGCH channel. 

· The thresholds could be the Ec/N0, RSCP or Pathloss measured by UE. They are broadcasted in the SIBs. 

· When the measurement result of UE pass one of these thresholds, the UE will listen to the corresponding RG commands carried on the common E-RGCH from neighbour cells. 
To conclude, the above rule 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. It also facilitates the interference control by the different kind of cells in small cell deployment scenario. 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.
3.2 Definition of multiple thresholds

It was proposed in [3] that the 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.
As defined in section 14.1.2.1 from TS 25.331, the Event 1a criteria is as follows.
When the "Measurement quantity" is "CPICH Ec/N0" or "CPICH RSCP", if the equation below is fulfilled, the Event 1a is triggered. 
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Where
MNew is the measurement result of the cell entering the reporting range.

CIONew is the individual cell offset for the cell entering the reporting range if an individual cell offset is stored for that cell. Otherwise it is equal to 0.
R1a is the reporting range constant.

H1a is the hysteresis parameter for the event 1a.
W is a parameter sent from UTRAN to UE.
The same equation can be used for triggering UE listening to the common E-RGCH. It is necessary to signal the relevant parameters of the Event1a criteria to the UE in CELL-FACH. We propose to use the following parameters:
Proposal 3: The following parameters are indicated to the UE.
· Cell individual offset : CIO
· Reporting Range parameter: R1a
· Hysteresis for event 1a: H1a
· W
As also proposed in [3], some other parameters concerning the Event 1a criteria will be defaulted, therefore we propose:
Proposal 4: The following parameters concerning the Event 1a criteria will be defaulted to the following values.

· Measurement Quantity: CPICH Ec/N0
· Time to Trigger: 160ms or 320ms
If multiple thresholds configuration is allowed, UTRAN can configure and indicate multiple values of a parameter, which is used in the above equation. 
CIO is a cell specific offset for the cell entering the reporting range. It is broadcasted in the neighbour cell list. The configurations of cell specific CIO can allow differential trigger condition for the individual cell. It is advantageous especially for the small cell deployment scenario, in which different power nodes are deployed. 
Therefore, it is preferred that UTRAN configures multiple values of CIO. The UE can decide to obey the RG command carried on the corresponding signature on the common E-RGCH, when the above equation is fulfilled with one of the configured CIO values. 
Proposal 5: Multiple CIONew are indicated to UE in CELL-FACH. When the triggering condition of the Event 1a is fulfilled with one of the indicated CIO values, the UE will obey the RG command carried on the corresponding signature on the common E-RGCH. 
4. Signalling design

Parameters needed to be signalled to UE for interference control in CELL-FACH could be summarized as following:
· Parameters for neighbour cells:

Neighbour cell common RG channel configuration information including channel code and signature(s)

  Neighbour cell additional CIO for multiple thresholds
· Parameters for serving cell:


  Event criterions (1a/1b/1c) for virtual active set update  
Configured minimum SG index for Common RG monitoring
These parameters could be signalled to UE by BCCH or DCCH. However, since all these parameters are not UE specific, BCCH is preferred to transfer these parameters to avoid duplicating signalling for every UE. 
In addition, the common RG channel information and additional CIO for neighbour cells could be extended into IE Cell info in IE intra frequency cell info list broadcasted in BCCH in [5]. Event criterions (1a/1b/1c) for virtual active set update could reuse IE Intra-frequency measurement in Measurement control system information broadcasted in BCCH in [5]. Minimum SG index could be extended into IE Common E-DCH system info.
Proposal 6: Parameters for interference control in CELL-FACH could be signalled to UE by BCCH.
5. Conclusion

In this contribution, the introduction and definition of intra-frequency virtual active set and multiple thresholds for common E-RGCH based inter-cell interference control are discussed. The following are proposed: 
Proposal 1: Intra frequency virtual active set is proposed to be adopted for CELL FACH UEs to control the common RG monitoring cell set.
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: The following parameters are indicated to the UE.
· Cell individual offset : CIO
· Reporting Range parameter: R1a
· Hysteresis for event 1a: H1a
· W

Proposal 4: The following parameters concerning the Event 1a criteria will be defaulted to the following values.

· Measurement Quantity: CPICH Ec/N0
· Time to Trigger: 160ms or 320ms
Proposal 5: Multiple CIONew are indicated to UE in CELL-FACH. When the triggering condition of the Event 1a is fulfilled with one of the indicated CIO values, the UE will obey the RG command carried on the corresponding signature on the common E-RGCH.
Proposal 6: Parameters for interference control in CELL-FACH could be signalled to UE by BCCH.
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