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1
Introduction
In [1] the updated work item on further enhancements to CELL_FACH state was approved.  The work (even before update) includes:
· Uplink related improvements of resource utilization, throughput, latency and coverage

· Signaling based interference control 
This contribution provides a summary of the potential approaches identified so far and the further approaches to consider. Moreover, the preliminary simulation results are presented to compare the advantages/drawbacks of some schemes. 
2
Discussion
There has yet to be shown to what extent there is a problem with uplink interference in CELL_FACH. Severity of the problem will determine whether or not we need a solution and how elaborate the solution needs to be. This analysis is ongoing in RAN1.
2.1 Summary of previously proposed solutions

In [2] a number of signaling based methods are summarised which could potentially be used to help with interference control on the uplink

· Inter-cell Interference Overload Control

· This approach involves receiving relative grants from the neighbor cells. However, since only serving cell is part of the “active set” there is a risk that “down” commands from a neighbor cell can cause radio link failure detection on the uplink of the serving cell. Therefore we think this solution may cause more serious problems than it can solve. 
· Softer Handover in CELL_FACH

· This overcomes the problem identified above, since the cells involved in power control will be able to receive E-DCH. 

· However the complexity of this solution must be justified with the problem analysis. In case improvements are shown to be relatively marginal then we must consider carefully whether the gain vs. pain is justified. 

· To justify introduction of soft/softer handover for E-DCH interference control, one should also consider SHO in the downlink, as introduced in [4] which provides further improvements to DL Resource efficiency, mobility, and service improvement. As a package, SHO for uplink and downlink improvements may provide enough gains to justify the complexity of this solution. 
· The actual mechanism used needs to be carefully considered. The need to improve interference control implies that the UE will be transmitting on E-DCH for longer periods of time. Hence it’s not sufficient to define a mechanism only for initial resource allocation (as described in [2] , the UE needs to transmit PRACH preamble when moving into the coverage of overlapping cells, hence if the UE is moving during E-DCH transmission then it’s likely that the UE needs to release the E-DCH resource in order to request the new resource) More sophisticated mobility procedures such as those introduced in [4] would be necessary to avoid service degradation. 
· Dynamic switching of uplink frequencies using DC-HSDPA
· Already possible to do using RRC signalling, this would be an optimisation of existing functionality not providing any additional level of interference control but rather providing a faster load balancing mechanism. 
· Significant additional power consumption as UE needs to receive on multiple frequencies. 
· Inter-cell Interference Coordination
· This time based solution is perhaps more suited to LTE and TDSCMA than FDD CDMA based system, and the complexity of this solution would potentially require creation of a new study item, and work item as was the case in LTE. 

· RAN overload control of delay tolerant devices

· Although controlling the access of delay tolerant/low priority devices may be used to prevent CN/RAN overload, this solution does not address the case when the cell is highly loaded with “normal” devices. 

In [3]some further considerations are given and 3 different approaches are described. 
· Serving cell based interference control (serving cell absolute grant takes into account the reported information such as power headroom). 

· This solution requires no new procedures in the specification and in fact could already be implemented in some networks. However, the accuracy and effectiveness is one reason for looking to improve interference control in Rel-11.

· Blind  control only based on own cell information rather than taking into account the neighbor cell interference information

· UE based interference control: The UE could autonomously limit is own transmission power upon detection of a potential inter-cell interference condition. As an example, the UE could apply a maximum TBS restriction when it determines that it is within a certain distance from a neighboring cell.   

· This may cause UE to unnecessarily limit the interference, even when neighbor cells are not experiencing a problem. Further, the UE measurements may not be accurate enough to do this effectively. 

· Non serving cell based. 
· Effectively this is the same as the proposal in [2]on interference control. 
In summary, there could be a problem with uplink interference when many UEs are kept in CELL_FACH state for longer periods of time. However, the solutions that have so far been proposed suffer either from drawbacks, from too much complexity or are simply insufficient to cover all use-cases/scenarios.
The only approach which may offer a comprehensive interference co-ordination
solution is softer handover. However, given the complexity of such a solution there needs to be a significant gain from the feature. Considering this along with other improvements (such as faster mobility, elimination of service interruption, and cell-edge improvements as provided with soft handover also in the downlink) may be one way to provide a justification. 
2.2 Summary of other potential solutions. 

CELL_DCH

It’s likely that the interference will be a problem only when the UE is transmitting larger amounts of data on E-DCH, or when smaller amounts of data, and/or bursty data needs to be sent while the UE is in cell border areas. 

CELL_DCH is designed already for this scenario. Given that soft handover is a proven method for improving downlink performance and uplink interference control in CELL_DCH, the most obvious question is whether such scenarios are naturally better handled in CELL_DCH. 

It’s already possible for the NW to determine that the UE should be moved into CELL_DCH state upon reception of RACH measurement results (for example serving cell measurements are not so good, and there are potentially good neighbour cells). 

One potential way to avoid interference in CELL_FACH state would be that the UE indicates when it finds itself in a potentially interfering scenario, using event triggered measurement report. 
Upon receiving this information, the NW simply determines whether or not to reconfigure the UE to CELL_DCH. 
Some potential CELL_FACH event triggers / measurement quantities could be as follows:

1. Transmission power of uplink DPCCH is greater than a threshold1 given by a network.

· If DPCCH transmission power level is high, then it implies that the UE is far from the serving cell and/or the UE is suffering from uplink interference from the other UEs served by neighbour cells (and so for both cases, the UE may interfere the neighbour cells).

2. Pathloss (given by “Primary CPICH TX power – CPICH RSCP”) is less than a threshold2 given by a network. 

· The pathloss of a neighbour cell shows how far the UE is located from the neighbour cell. If the pathloss is small, then the UE is nearby the neighbour cell so the UE may interfere with the neighbour cell.

3. (Transmission Power – Pathloss) is less than a threshold 3.

· This provides an estimate of the UE power at the neighbour cell.

4. UE reads the neighbour cell’s SIB7 to obtain the uplink interference levet at the neighbour cell and if the given uplink interference level is above a threshold4 given by a network.

This solution is very simple compared to introduction of SHO in CELL_FACH. The solution exploits the measurements that the UE is already capable of obtaining, and exploits the existing RRC state change design and the attributes of the existing CELL_DCH state which already addresses the interference control using SHO. 

Serving grant adjustment based on UE measurement

Providing the measurement report to the network provides the opportunity for the network to move the UE to CELL_DCH state to obtain SHO capability, but other networks may wish to adjust the serving grant and keep the UE in CELL_FACH state, hence achieving serving cell based interference coordination in this manner, but without involving E-RGCH from the neighbour cells. 
One potential approach could be co-ordinated by the RNC. The UE would send MEASUREMENT REPORT message to the RNC periodically. The measurement report includes the neighbouring cell measurement information (scrambling code, power level measured, Ec/No) also the serving cell information (UPH, serving grant, power, Ec/No). 

The RNC co-ordinates between Node Bs, and retrieves the interference information from each Node B and the serving Node B is informed of its neighbours’ interference levels. (RNC could also receive the UPH, serving grant information from the serving Node B – however our preference is that UE provides that to the RNC in the measurement report for simplification)

The serving Node B adjusts the absolute serving grant for the UE in order to reduce the UE output power in case of interference to neighbours.

RNC can also limit the maximum E-DCH power ratio of the interfering UE by sending NBAP message “Radio Link Reconfiguration” to the serving cell with a new IE “Maximum Allowed E-DCH Power Ratio”.

The example is shown in figure 1 below. 
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Figure 1: RNC co-ordinated interference control
There are various similar approaches that could be considered, such as the UE reading UL interference information broadcast by the neighbour cells and reporting that along with the other information via measurement report. L1/2 signalling could also be considered to report directly to the Node B.
Interference avoidance using cell reselection

Currently the UE is not allowed to perform reselection while an E-DCH resource is allocated. This rule was introduced, since the assumption in Release 8 was that only small amounts of data would be sent by the UE on common E-DCH, therefore it is better to complete the data transmission then perform reselection – otherwise the network needs to allocate further resources on the second cell (after reselection) and hence would end up needing to use more resources for longer amounts of time (including first cell, then second cell) and increasing the time taken to transmit the data considerably, compared with the data size. 

With Rel-11 enhancements smartphones and other devices may be kept in CELL_FACH state for longer periods of time, and the same assumptions (that CELL_FACH transmissions are small) may not be true any more – e.g. the UE may be kept in CELL_FACH even for larger data amounts, even if the data is bursty some of the data amounts may take several seconds to transmit. 
If the UE is reaching the cell edge, and the interference to (and from) neighbouring cells becomes an issue then there is the risk of radio link failure. In many cases it is better to allow the UE to perform reselection to the better ranked intra-frequency neighbour to avoid radio link failure especially if there is still a reasonable amount of data to transmit.  

Since it may be beneficial under some conditions to release to E-DCH resource, and in other situations it may not be beneficial, it’s desirable to define some conditions under which the release will be triggered and a mechanism for handshake between the UE and NW. 

For example one approach could be the UE indicates empty buffer status (TEBS=0) when it needs to perform a reselection, or indicate some information in SI that reselection condition has been met, and NW sends INACTIVE grant to release the resource and allow reselection. There are numerous other similar approaches that could be considered – for example HS-SCCH order or a reserved grant value could alternatively be used to trigger E-DCH resource release in the UE (this could also be re-used to force reselection to another frequency to achieve load balancing, similar to the approach described for fast UL switching for DC-HSDPA but without requiring reception from multiple frequencies simultaneously)

Since reselection to the better cell may avoid many potential interference situations, and the trigger for E-DCH resource release may be achieved with minimum impact (by adding new resource release rules to MAC) this option should be considered. 
3
Simulation Results
In this section, two uplink interference control schemes, fallback to CELL_DCH state and CELL_FACH with SHO are investigated by the system level simulations against the baseline case with existing CELL_FACH operation. The user burst throughput performance and cell ROT are used as the performance metrics to assess the efficiency of the interference control.  
The main simulation assumptions are summarized in Table 1. The simulation results are presented in Table 2 for user burst throughput, in figure 1 for the gain over CELL_FACH case and in figure 2 for ROT results respectively. 
According to the simulation results, we have the following observations:

1. CELL_DCH state can provide the best user burst throughput performance with the least ROT for all simulated scenarios thanks to the two-cycle based DPCCH gating gain and SHO gain.

2. The gain for CELL_FACH with SHO is conditional on the scenarios. In case the interference is mainly caused by the DPCCH transmission, it may not be an efficient approach to reduce the interference to the neighbour cells. For example, in case of the large cell range and the small packet size, the gain obtained by introducing SHO for the cell edge CELL_FACH users would be limited. 
3. With the limited SHO data rate, the user burst throughput is also limited even though the ROT level can be reduced.

Table 1. Main simulation parameters

	Parameter name
	Value(s)

	Number of cells
	57 (3 sectors x 19 sites)

	Site-to-site distance
	{500,1732} m

	Channel Models
	PEDA (3 km/h)

	Traffic type
	Bursty traffic

	Burst Inter-arrival-time
	0.1 Seconds

	Burst Mean Size
	μ = 6.9315

	Burst STD
	σ = 0

	Burst Max size (P)
	1024 or 200 bytes

	Scheduling
	Round Robin

	UEs per cell
	10 or 20 UEs

	

	Key Parameters for CELL_FACH (baseline)

	Common E-DCH release timer
	80 TTIs

	Key Parameters for CELL_FACH with SHO

	SoftHO/SofterHO Threshold
	4 dB

	Data rate limitation for SHO UEs
	No Limit / 512Kbps

	Common E-DCH release timer
	80 TTIs

	Key Parameters for CELL_DCH

	SoftHO/SofterHO Threshold
	4 dB

	Data rate limitation for SHO UEs
	No Limit / 512Kbps

	CPC_DTX_Cycle_1
	60 slots

	DTX_ycle_1_burst_length
	3 slots

	DTX_ycle_2 Inactivity Timer
	36 slots

	CPC_DTX_Cycle_2
	120 slots

	DTX_ycle_2_burst_length
	3 slots


Table 2. Summary of User Burst Throughput (Kbps)

	 
	ISD500_P1024
	ISD1732_P1024
	ISD500_P200
	ISD1732_P200
	ISD500_P1024 SHOMax512kbps
	ISD1732_P1024 SHOMax512kbps

	CELL_FACH 
	255.1
	290.8
	118.9
	114.5
	255.1
	290.8

	SHO in CELL_FACH 
	412.8
	399.1
	123.2
	119.5
	347.3
	344.1

	CELL_DCH
	457.8
	438.8
	133.7
	131.6
	378.7
	369.7
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Figure 2: The gain of user burst throughput over the CELL_FACH case.
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Figure 3: Results for Rise over Thermal noise (ROT)
4

Conclusion
In this paper we have summarised a number of the previously suggested approaches for interference control in CELL_FACH, suggested a number of potential improvements to those approaches and provided some alternative approaches.

There is a wide variety of approaches, each with relative merits and with differing levels of complexity. Each should be considered carefully if the need for any interference control mechanism is shown in RAN1 studies, and whether the amount of benefit provided justifies the complexity of the solution.
Proposal 1: In addition to consider the specific uplink interference control schemes in CELL_FACH state, the state transition from CELL_FACH to CELL_DCH can be taken into account due to the better performance, more efficient interference control and less added complexity.
4
References

[1] RP-110913, “WID Update to Further Enhancements to CELL_FACH”
[2] R2-112851, “On the benefits of signaling based Interference control in CELL_FACH” Qualcomm Incorporated
[3] R2-113295, “Discussion on the need for UL interference control mechanisms in CELL_FACH state” InterDigital
[4] R2-113130 “Multipoint operation in CELL_FACH state” Renesas Mobile Europe Ltd.
[image: image4.png]ROT (dB)

Summary of the ROT

Baseline (CELL_FACH) Case 1 (SHO in CELL_FACH) Case 2 (CELL_DCH)
mISD500_1100P1024 47 3.8 2.9
®1SD500_LIMIT512kbps 4.7 3.4 2.7
®1SD500_I100P200 3.1 2.2 1.0
mISD1732_I100P1024 43 3.4 2.6
1SD1732_LIMIT512kbps 43 3.2 2.5
mISD1732_100P200 2.9 2.1 0.9




[image: image5.png]90%
80%
70%
60%
50%
40%
30%
20%
10%

Performance Gain over the baseline

0%

Summary of the User Burst Throughput Gain

1SD500_P1024

-t

il

1SD1732_P1024

1SD500_P200

1SD1732_P200

1SD500_P1024
SHOMax512kbps

1SD1732_P1024
SHOMax512kbps

B SHO in CELL_FACH

62%

37%

4%

4%

36%

18%

M CELL_DCH

79%

51%

12%

15%

48%

27%




[image: image6.png]UE

Cell 1

(serving)

Cell 2 RNC

(neighbour)

U-plane data

Measurement Report

Includes measurement of Cell 1 and 2 + SG info,
UPH

Neighbour Cell Interflerence info,

Maximum allowed E-DEH power ratio

Interferience info (e.g., RSEPS, [RTWP)

Interfering UYes,

U-plane data (uplink data serving grant updated
based on interference info and/or Maximum allowed
E-DCH power ratio)




