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1 Introduction

The use of E-DCH resources in CELL_FACH may pose a problem with intercell interference into neighbour cells.  Without macrodivesity, the cell edge UEs will be controlled only by the serving cell. When assigning grants to these UEs, the serving Node B has no knowledge of the interference being caused to neighbour cells. To address this issue, it was mentioned in [1] that a transport block limit that is suitable for cell edge could be imposed on all UEs using E-DCH in CELL_FACH. In [2] the impact of this solution was quantified, concluding in that the approach may overly limit the average throughput. In [3] it was proposed to use the pathloss difference between the serving cell and neighbour cells in order to limit interference.

As an alternative to the ideas in [1] & [3], it has been suggested that metrics already known or that could be made known to Node-B , namely the Channel Quality Indicator (CQI) or UE Power Headroom (UPH), could be used to provide the serving Node B with information regarding neighbour cell interference status. In this document, we examine the suitability of these metrics.
2 UPH Metric

The UPH (uplink power headroom) is the ratio of the maximum UE transmission power and the corresponding DPCCH code power. It is an indication of the power the UE has left for E-DCH transmission and strongly depends on the path loss to the serving cell.  On the other hand potential interference to neighboring Node-B’s depends on the path loss to those Node-B’s. Therefore we are interested in the question of to what extent the latter quantity could be obtained from the former
The mean and the 95% confidence interval of the path loss to closest neighbor as a function of the path loss to serving cell is shown in Figure 1 and Figure 2 for 2 cases of shadowing (( = 2 dB and ( = 10 dB) for macro cell deployment.  These results not only show the impact of the degree of shadowing, but they also demonstrate that for a typical macro-cell deployement and a 95% confidence interval, a variation in path loss in excess of 15 dB is observed even at cell edge, making it difficult for the serving Node B to determine a grant limit to impose on the UE so as to reduce interference to the closest neighbor.  
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Figure 1 – PL to closest neighbor and its certainty as a function of the path loss to serving cell (( = 2 dB) – macro deployment only
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Figure2 – PL to closest neighbor and its certainty as a function of the path loss to serving cell (( = 10 dB) – macro and outdoor to indoor
In addition we should note that the uncertainty above is based on long term shadowing only and ignores the uncertainty introduced by fading. While UPH averaging will reduce this uncertainty, this averaging takes multiples of the channel coherence time which is a significant fraction of the message transmission time of the E-DCH.
3 CQI Metric
The CQI is an indication of the maximum transport block size that can be received correctly (on the downlink) with at least a 90% probability. The metric is based on the received HS-DPSCH signal strength from the serving NodeB (derived from the measured CPICH signal strength and known quantities), the interference from other base stations, the noise and the inherent capability of the UE to decode the transport block. 
For non interference-cancelling UE's, the NodeB can assume that a high CQI implies either low UE pathloss to serving NodeB or low interference but will not be able to distinguish between the two.  Low CQI value could either indicate that the UE is located at cell edge and as a result could interfere with a neigbhoring Node B or that it suffers high propagation loss (e.g. indoors). The fact that some UE's have interference cancelling (3i) receivers contributes more uncertainty. That added uncertainty is only partially mitigated by possible knowledge of the receiver type as the ability of the receiver to cancel interference depends on its distribution (i.e. number of interferers). 
Figure 3 shows the average CQI report by the UE for different receiver types and different interference scenarios.
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Figure 3 – Average reported CQI for different receiver types and interference scenarios

Figure 4 shows the pathloss differential (Ior/Ior1) between a serving cell and the strongest neighbour cell for 3 typical reported values of CQI (11, 13, and 15). For each CQI, different pathloss differentials are shown – two assume a RAKE receiver under different interference conditions (DIP1 = -1.3 and DIP1 = -8), and three assume Type 3i receiver with interference cancellation under the following interference conditions (DIP1 = -0.3, -1.3, -8).  
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Figure 4 – Pathloss Differential Comparison for a Given CQI

As seen in the figure, a given reported value of CQI may correspond to a wide range (up to 20 dB) of path loss differential between serving and closest neighbor Node B:

· The path loss differential uncertainty is as much as 25 dB if receiver type is unknown;

· The path loss differential uncertainty assumed Node-B knows the receiver type is as much as 15 dB for receiver type 3i and 7dB for RAKE. 

Note that receiver type cannot be learnt by Node-B from CQI history due to shortness of time. Note also that negative values of Ior/Ior1 are possible if a UE starts transmission at cell edge and migrates towards neighbour cells.  Since it has not yet been decided whether cell reselection will be permitted during E-DCH transmissions [4], these negative values are represented in the figure.
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Figure 5 – CQI Standard Devaition 
Figure 5 shows the standard deviation of instantaneous CQI measurement for different channels and receiver configurations.
In addition to the above, three other factors can contribute further to the uncertatinty in the interpretation of the CQI:

· The Node B is unaware of the underlying channel conditions over which the CQI measurements are being reported. The channel can have an additional impact on CQI uncertainties. 

· As has been mentioned, the CQI is a measure of Ior/Ioc and, with the uncertainties mentioned above, of Ior1/Ioc. However without knowledge of Ioc, the NodeB is unable to accurately estimate Ior. Even if this latter information could be measured and signaled by the UEs, the associated measurement uncertainty would contribute further to the possible misinterpretation of CQI. If Ioc isn't available then an uncertainty similar to maximum allowed downlink noise rise is to be added.
· In mixed deployment scenarios, all Node Bs may not be transmitting at the same power. As a result the dominant interferer on the downlink may not be the most victimized cell for uplink interference. 

To summarize usage of CQI metric to estimate path loss to closest neighbour are highlighted below:

· Instantaneous CQI measurement exhibits a large standard deviation and therefore will need to be averaged by Node-B over several multiples of the channel coherence time before it can be used to determine PL to neighbor cells.

· Channel type also affects the average CQI 

· CQI in itself cannot provide the information whether the receiver operates against noise (and thus will likely not cause interference to neighbor base stations) or against downlink interference (likely causing uplink interference) 

· CQI is highly affected by interference structure. Knowledge of receiver type is helpful but cannot in itself remove all uncertainties.

· In mixed deployments where Node-B’s transmit at different power CQI cannot take different transmission power into account (as cell ID isn't known)
4 Conclusions
The discussion in the previous sections suggests that CQI and UPH provide uncertain information regarding path loss and potential interference to neighbor cells. The former as a result of the difficulty in interpreting the metric, and the latter as a result of poor correlation between UPH and actual neighbor cell pathloss. 

Usage of these metrics may lead to an overly restrictive solution to interference control that would lower average message transmission time and increase message latency to all UE's. We therefore propose that other alternatives for intercell interference control be investigated.
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