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1. Introduction

Signaling based interference control in CELL_FACH is an uplink related improvement listed in the WI on Further Enhancements to CELL_FACH [1]. In this contribution, we propose a Common E-RGCH based interference control for UEs in the CELL_FACH state to reduce interference to neighboring cells. 
2. Uplink Interference Control in CELL_FACH
The following uplink interference related problems can happen in CELL_FACH:
· In the interest of conserving UE energy, cell reselection procedures in the non-cell DCH states (URA_PCH, CELL_PCH, CELL_FACH) are not that fast compared to serving cell change procedures in CELL_DCH. Hence, it is quite likely that when a UE initiates a transmission on the uplink in CELL_FACH, the serving cell need not be the strongest cell on the downlink. In the absence of any uplink imbalance between the serving and neighbor cell, the UE could cause interference to the neighbor cells. 

· Furthermore, even if the serving cell is strongest on the downlink, if an uplink imbalance were to exist i.e. uplink to neighbor cell is stronger than uplink to serving cell, an uncontrollable interference condition could happen at the neighbor cell.

· If we were to operate CELL_FACH in heterogeneous networks (mix of different transmit power cells), the interference issue can only worsen due to severe uplink imbalance between the macro and small cells

· As an increased number of smartphones begin to camp in CELL_FACH, the lack of macro diversity or soft handover in CELL_FACH state can lead to an increase in the uplink interference at neighbor cells 
To handle the above mentioned problems, we propose an interference control mechansm scheme based on E-RGCH [2].

3. Uplink Interference in Heterogeneous networks
In this section, we draw attention to uplink related interference problems in heterogeneous networks. In heterogeneous networks, a difference in transmit power between the macro node (traditionally at 43 dBm) and a low power cell (assuming a pico cell with 30dBm) will cause the uplink and downlink boundary to be quite different. 
Traditional cell reselection in CELL_FACH is based on downlink signal strength. However, the strength of the signal on the uplink received at each cell is independent of DL transmit power of each cell. Consequently, introduction of the low power cells 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. 
Figure 1 illustrates the potential problem of UL imbalance, i.e. the UL and DL boundary gap seen in cells that contain smaller cell nodes. The DL boundary is defined as the point beyond which UE performs serving cell change. 
The DL boundary is largely determined by 
· The difference between the Macro and low power cell transmit power 
· Cell reselection parameters like Cell Individual Offset (CIO). 
The UL boundary is defined as the point where the UE causes the same SINR at both cells. The UL boundary is largely determined by 

· Noise figure (UL sensitivity) difference between two cells. 
· The noise rise difference between two cells.

In Figure 1, UEs that are in the geographical area between uplink boundary and the downlink boundary are served by the macro cell. However, in this geographical region, the uplink recieved power from the UE to the low power cell is much stronger (higher) than the uplink received power to the macro cell. For a 43dBm macro cell and a 30dBm small cell, this uplink imbalance distribution is shown in Figure 2. In the figure, an imbalance of >6dB (top 30%ile) represents the uplink imbalance of the UEs served by the macro cell but are geographically between the uplink and the downlink boundaries. 
Since there is no support for soft/softer handover in CELL_FACH, there is no existing mechanism to control this interference occuring as a result of this imbalance. Hence, a mechanism to control interference to neighboring cells is highly desired in CELL_FACH.
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Figure 1: Heterogeneous Network UL Imbalance Scenario
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Figure 2: UL Imbalance Estimate CDF assuming a small cell transmit power of 30dBm 

4. Common E-RGCH based Interference Control
In CELL_DCH, when E-DCH is configured on the uplink, the dedicated physical channel E-RGCH is configured on the the downlink to carry relative grants from both the serving and non-serving cells of the CELL_DCH UE’s active set. The relative grant serves as a means to control the UE’s data rate or equivalently the UE’s transmit power. Below is a cut and paste of the description of these grants from Section 9.2.5.2.1 in 25.321:

-
Serving Relative Grant:
Transmitted on downlink on the E-RGCH from all cells in the serving E-DCH RLS, the serving relative grant allows the Node B scheduler to incrementally adjust the serving grant of UEs under its control. By definition, there can only be one serving relative grant command received at any one time. This indication can take three different values, "UP", "DOWN" or "HOLD".

-
Non-serving Relative Grant:
Transmitted on downlink on the E-RGCH from a non-serving E-DCH RL, the non-serving relative grant allows neighboring Node Bs to adjust the transmitted rate of Ues that are not under their control in order to avoid overload situations. By definition, there could be multiple non-serving relative grant commands received by MAC at any time. This indication can take two different values, "DOWN" or "HOLD".
Note that the E-RGCH information element corresponding to the Non-Serving relative grants from a cell in CELL_DCH are only configured in UEs for which the cell is a non-serving cell and is part of the UE’s active set.

In the case of CELL_FACH, due to the lack of macro diversity, it is currently possible to only monitor the Serving Relative Grant that is transmitted from the Serving E-DCH cell. It would be desirable then to also allow CELL_FACH UEs to monitor the non-serving relative grant channel from the neighboring NodeB cells, in regions where the UE would have been in soft handover with these cells, had it been in CELL_DCH. This allows the non-serving neighbor cell to control the uplink interference caused by the CELL_FACH UE. This can be accomplished using a common channel from the neighboring cell(s) specifically a common non serving E-RGCH channel that all UEs while in CELL_FACH will listen to when certain criteria are met.  

5. Mechanism for Common E-RGCH based Interference Control

We propose the following features for the purpose of interference control of Rel-11 CELL_FACH UEs. 

Proposal 1: Adopt a Common E-RGCH channel based interference control for Rel-11 UEs in CELL_FACH
Since this is a channel that multiple UEs will be listening to in CELL_FACH state, the timing, TTI and the spreading code needs to be well defined. By reusing the properties of a non serving cell E-RGCH in CELL_DCH, the following is proposed for common E-RGCH channel in Rel-11 CELL_FACH. 

Proposal 2: 

1. The Common E-RGCH channel begins 5120 chips after the PCCPCH boundary

2. TTI length for the common E-RGCH is 10ms

3. Spreading Code for the common E-RGCH is either hardcoded or broadcasted in a SIB. Spreading Factor is set to be SF128. 

It is necessary to inform the Rel-11 CELL_FACH UEs about the identities of the cells that support this feature (since not all neighboring cells might have this feature enabled). Since a unique neighbor list is already signaled through SIB11 for all cells, we can reuse this neighbor list for this purpose. The lowest SIB overhead impact can be achieved by including a 1 bit on/off flag per cellID in the neighbor list. Since the maximum number of cells in the neighbor list is 32, the maximum SIB overhead is 32 bits. This adds a 4 byte overhead to a typical SIB11 size of 130 to 140 bytes.  Additionally, if it is desired to not to increase the SIB11 overhead impact, the cell ID list can be sent as part of an exisiting dedicated signaling message that is sent to the UE (Radio Bearer Setup etc). The cellIDs on the dedicated message can be signaled using a 32-bit mask with each bit position representing the corresponding CellID in the neighbor list signalled in SIB11 and the bit value representing if that cell supports common E-RGCH or not.  
Proposal 3: Add 1 bit flag per cellID in the neighbor list that is part of SIB11 to indicate identities of the cells that support common E-RGCH. Alternatively, this information can be conveyed through an exisiting dedicated message.  
It is also necessary to specify under what conditions a Rel-11 CELL_FACH UE will listen to common E-RGCH from the neighbor cells. For this purpose it is easiest to leverage the active set procedures that are followed in CELL_DCH. 
Proposal 4: A Rel-11 CELL_FACH UE will only listen to a common E-RGCH from a neighbor cell if the cell’s received Ec/Io passes the Event 1a criteria from Section 14.1.2.1 from TS 25.331 [3].  
In order to reduce complexity further, the decision to listen to a neighbor cell’s common E-RGCH could be made only once during a CELL_FACH session. A session is defined as from the time the UE is allocated a common E-DCH resource to the time the UE releases this resouce. 
Proposal 5: The decision to listen to a neighbor cell’s common E-RGCH will be made once per CELL_FACH session.
6. Factors affecting performance of common E-RGCH monitoring in CELL_FACH

One important factor that can affect the performance of this feature is the filtering duration that is used to decide if a Rel-11 CELL_FACH UE will listen to a neighbor cell’s common E-RGCH. Since it might not be practical to filter over a long observation interval in CELL_FACH state, the use of a very short filtering duration can affect performance in two cases as below: 
1. Failure to monitor Common E-RGCH from a strongly interfered neighboring  cell
A strongly interfered cell (cell where the UE is causing uncontrolled uplink interference) well within the reporting range can instantaneously leave the reporting range due to fading and the UE would not monitor this cell’s common E-RGCH. In this case, the Rel-11 UE is causing uncontrolled interference to the neighbor cell if the below hold true.  

a. Filtered EcIo of a strongly interfered cell faded down to leave the event 1a reporting range
b. The uplink of the UE to the strongly interfered cell did not also fade down by the same amount as downlink 
In Figure 3, the downlink of a strongly interfered cell EcIo fades down by more than y dB and leaves the event 1a reporting range. The time duration for which this lasts is indicated in Figure 3 as tfadedown . If at anytime during this tfadedown, if the UE were to make the decision as to which cells to monitor common E-RGCH from, then this strongly interfered cell would not be included. Although the downlink faded down by y dB, the UE can still be causing interference on the uplink to this cell as long as uplink to this cell did not fade down by y dB. When such a situation happens, the interference from this UE to this cell cannot be controlled by common E-RGCH for the entire duration of uplink data transfer while in CELL_FACH. 
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Figure 3: Circumstance leading to failure to monitor Common E-RGCH
2. False monitoring of Common E-RGCH from a weakly interfered cell
A weakly interfered cell (cell where UE is not causing substantial interference) outside the reporting range can enter the reporting range due to fading and thus cause the UE to listen to its common E-RGCH. In this case, the UE may reduce it’s transmit power based on common E-RGCH commands from this cell thereby impacting its own user experience. This can happen if the below holds true. 

a. Filtered DL EcIo of a weakly interfered neighbor cell enters the event 1a reporting range (due to an upfade) and
b. The uplink of the UE to the weakly interfered cell did not also fade up by the same amount as downlink
In Figure 4, a weakly interfered cell EcIo fades up by more than x dB on the downlink to enter the event 1a reporting range. The time duration for which this even lasts is indicated in Figure 3 as tfadeup . If at anytime during this tfadeup, if the UE were to make the decision as to which cells to monitor common E-RGCH from, then this weakly interfered cell would be included. Although the downlink faded up by x dB, the UE would not be causing interference on the uplink to this cell as long as uplink to this cell did not also fade up by x dB. In such a case, the UE monitoring E-RGCH from this cell will reduce its uplink power unnecessarily (i.e. the UE could limit its serving grant by listening to common E-RGCH without perceptibly reducing interference to this neighbor cell). This would affect the UE for the entire duration of uplink data transfer while in CELL_FACH.
[image: image4.png]DLEclo Measurement

P-CPICH
Serving Cell

Event 1a reporting

Weakly interfered
range

. cellentersreporting
range

...Weakly interfered cell Eclo mean
_ Weakly interfered cell Filtered Eclo

Time




Figure 4: Circumstance leading to false monitoring of Common E-RGCH

7. Analysis of common E-RGCH monitoring in CELL_FACH
In this section, we evaluate the probability of the events described in Section 6 for different filtering times through simulation. Let us assume we would like to control interference to neighbor cells within the reporting range. We try two cases, a Rayleigh fading channel with 30kmph and 3kmph. DL EcIo is sampled every 10ms. The filter is a simple moving average filter and we vary the filtering duration from 10ms (no filtering) to 500ms filtering. We also vary the DL strengths of the interfered cell with respect to the reporting range.  We assume that the downlink and uplink are balanced in the long term and the fading process is uncorrelated. Assuming the UE made the decision to listen to the common E-RGCH anytime during a tfadedown or tfadeup event, we observe the unfiltered uplink power for the next 200ms (assuming a typical CELL_FACH session lasts for 200ms) 
For evaluating filtering requirements for failure to monitor the common E-RGCH, we consider the case where the long term mean DL EcIo of the strongly interfered cell is y (y =1, 2, 3) dB  above the reporting range (assuming the UE would be causing interference to cells within the reporting range). It is noted that there could be cases where the EcIo of a strongly interfered cell could be  y>3dB above the reporting range. P(Failure to Monitor) is the overall probability that a failure to monitor the common E-RGCH caused interference to the neighboring cell. P(Failure to monitor) = P(DL EcIo of strongly interfered cell fades down by ydB) * P(uplink to strongly interfered cell didnt fade down by ydB). 
For evaluating false monitoring of the common E-RGCH, we consider the case where the long term mean EcIo of the weakly interfered cell is x (x =1, 2, 3) dB below the the event1a reporting range. P(False Monitoring) is the overall probability that monitoring the common E-RGCH from the neighbor cell didn’t decrease interference to the neighboring cell but reduced the UE grant. P(False Monitoring) = P(DL EcIo of a weakly interfered cell fades up by xdB) * P(uplink to weakly interfered cell didnt fade up by xdB).
Results are shown for E-RGCH failure to monitor and E-RGCH False monitoring in Table 1 and Table 2 below. 
Table 1: Probability that Failure to monitor E-RGCH causes uncontroled interference
	P(Failure to monitor)
	Rayleigh; 30 kmph

	y
	10ms
	30ms 
	50ms
	100ms
	200ms
	500ms

	1dB
	0.2505
	0.2047
	0.1782
	0.1415
	0.0968
	0.0371

	2dB
	0.2544
	0.1735
	0.1307
	0.072
	0.0333
	0.0111

	3dB
	0.2484
	0.1357
	0.0847
	0.0312
	0.0074
	0.0087


	P(Failure to monitor)
	Rayleigh; 3 kmph

	y
	10ms
	30ms 
	50ms
	100ms
	200ms
	500ms

	1dB
	0.2386
	0.2379
	0.2345
	0.2108
	0.1883
	0.1584

	2dB
	0.2498
	0.2472
	0.2393
	0.2106
	0.1612
	0.0993

	3dB
	0.2334
	0.2294
	0.2203
	0.1852
	0.1336
	0.0568


Let us assume a baseline case where the uplink scheduler is conservative and schedules only small grants to the CELL_FACH users to prevent interference to neighbor cells. Even though the scheduler is conservative, it still does not know how much uncontrolled interference is caused by CELL_FACH UEs. The above results show that even in the absence of filtering of EcIo, only ~25% of the time a CELL_FACH UE could be causing uncontrolled interference to a neighbor cell (i.e. a conservative scheduler scheduling conservatie grants is only useful 25% of the time). Hence, by allowing for E-RGCH monitoring, the scheduler can afford to be more aggresive and not limit the grants of CELL_FACH users to a conservative value. If the DL EcIo’s of the neighbor cell(s) are filtered for even 50ms, it reduces the probability of uncontrolled interference by half compared to no filtering for a 30kmph channel. This is the gain provided by filtering. This further increases the flexiblity of the scheduler to scheduler higher grants to CELL_FACH users. 
Table 2: Probability that False Monitoring of common E-RGCH reduces UE grants
	P(False Monitoring)
	Rayleigh; 30 kmph

	
	Filter Duration

	X
	10ms
	30ms 
	50ms
	100ms
	200ms
	500ms

	1dB
	0.2048
	0.1997
	0.1803
	0.1569
	0.1206
	0.0831

	2dB
	0.1624
	0.124
	0.0936
	0.062
	0.0204
	0

	3dB
	0.1146
	0.062
	0.034
	0.0103
	0.0026
	0


	P(False Monitoring)
	Rayleigh; 3 kmph

	
	Filter Duration

	x
	10ms
	30ms 
	50ms
	100ms
	200ms
	500ms

	1dB
	0.1976
	0.1943
	0.1903
	0.1757
	0.176
	0.1541

	2dB
	0.1499
	0.1427
	0.1354
	0.1208
	0.0954
	0.0513

	3dB
	0.1012
	0.0976
	0.0886
	0.0759
	0.061
	0


For the false monitoring case, let’s assume the same baseline conservative scheduler that schedules small grants to all CELL_FACH UEs to reduce the impact of uncontrolled interference. Such a conservative scheduler then limits the performance of all CELL_FACH UEs due to these small grants. On the other hand if a common E-RGCH was allowed, then a more aggresive scheduler can be allowed which does not limit grants for CELL_FACH UEs. In such a case, with no filtering of DL EcIo’s from the neighbor cell(s), the above results suggest that CELL_FACH rates are only affected 10% to 20% of the time (as opposed to all the time for a conservative scheduler). By filtering the DL EcIo’s of the neighbor cells for 50ms, the probability of affecting a CELL_FACH UE’s serving grant is decreased by upto half for a 30kmph channel compared to no filtering. 

Thus, by allowing for common E-RGCH monitoring and DL EcIo filtering, the scheduler does not have to allocate conservative grants and thus not impacting serving grants for CELL_FACH UEs.   

Based on the above results, a filtering duration of 50ms seems to be a reasonable value to determine if a Rel-11 UE should listen to common E-RGCH from a neighbor cell. In order to meet this requirement, we think the minimum filtering duration should be from the start of persistence check to the start of E-DPDCH as shown in Figure 5. 
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Figure 5: Minimum Filtering Requirement for UE
Proposal 6: We propose to send an LS to RAN4 to work on the details of filtering of interfered cell EcIo in CELL_FACH.  
8.
Conclusions

In this contribution, we raised the serious issue of uncontrolled interference arising due to severe uplink imbalance. Particularly, this problem is exacerbated in CELL_FACH due to the absence of soft/softer handover. Currently, there is no mechanism to control this form of interference. The common E-RGCH based mechanism is an effective way to control this interference and since it is based of the existing method of operation in CELL_DCH, the complexity incurred is also minimal. Hence we propose the following for common E-RGCH based interference control for Rel 11 UEs in CELL_FACH.
Proposal 1: Adopt a Common E-RGCH channel based interference control for Rel-11 UEs in CELL_FACH
Proposal 2: 

1. The Common E-RGCH channel begins 5120 chips after the PCCPCH boundary

2. TTI length for the common E-RGCH is 10ms

3. Spreading Code for the common E-RGCH is either hardcoded or broadcasted in a SIB. Spreading Factor is set to be SF128. 
Proposal 3: Add 1 bit flag per cellID in the neighbor list that is part of SIB11 to indicate identities of the cells that support common E-RGCH. Alternatively, this information can be conveyed through an exisiting dedicated message.  
Proposal 4: A Rel-11 CELL_FACH UE will only listen to a common E-RGCH from a neighbor cell if the cell’s received Ec/Io passes the Event 1a criteria from Section 14.1.2.1 from TS 25.331 [3].  
Proposal 5: The decision to listen to a neighbor cell’s common E-RGCH will be made once per CELL_FACH session.

Proposal 6: We propose to send an LS to RAN4 to work on the details of filtering of interfered cell EcIo in CELL_FACH.
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