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1 Introduction and Discussion
Uplink intercell interference can be made to be relatively predictable if suitable RRM, scheduling and power control strategies are employed (e.g. FDD and TDD E-DCH in Rel7).  For packet-based systems employing a distributed scheduling architecture, this becomes important as without some predictability, the selected modulation and coding scheme is unlikely to be appropriate for the C/I conditions experienced at the actual time of uplink transmission.  This is because the situation at the time of transmission is a function of the scheduling decisions made in a number of cells, these being generally unknown by each scheduling function by virtue of their distributed nature.
In [1] it is recognised that for uplink power control in LTE, transmission by each UE at full power is not necessarily the best strategy.  Furthermore, it is noted that a strategy wherein the received SNIR target is set to the same level for each user results in poor spectral efficiency.
The solution proposed in [1] and captured in [2] is to employ a middle-ground between these two extremes, so-called “fractional” reverse link power control wherein the total pathloss due to propagation losses and shadowing is not fully compensated for.  Thus, signals from users with larger pathloss still arrive at the serving cell with lower power than those from users with lower pathloss but in a less extreme manner than the full-UE-power strategy.  This method has also been adopted by Ran4 for simplified co-existence simulation [3].
However, some issues arise with this technique:
· Optimisation of the parameters is reliant on a homogeneous cell size deployment (i.e. it doesn’t adapt autonomously to real-world non-homogeneous deployments)

· It does not accommodate for the situation where a UE is on a sector boundary of the same site, as here, the interference caused by the UE to the immediate neighbouring cell (adjacent sector) is not a function of the pathloss to the serving cell.

Nevertheless, the intentions of the scheme are certainly along the right lines.  We wish somehow to control the transmit power of the UEs such that:

1. UEs with good channel conditions are able to exploit their higher spectral efficiency potential (this will benefit overall sector capacity)

2. UEs in poor channel conditions do not generate excessive interference into neighbouring cells.  This allows for better interference predictability and hence more accurate link adaptation.
In addition, it is seen as desirable that in-line with the absence of an architecture supporting SHO, the Node-B receiver is not required to explicitly detect out-of-cell UE’s and that the UE is not required to receive commands from non-serving cells.
Thus, a better approach is to adjust the transmit power of each UE such that the interference level each generates into neighbouring cells is somehow held constant.  Given that the pathloss is different from the UE to each neighbour cell, a constant received power level from the UE in each cell cannot of-course be realised.  Two immediate choices then arise:
· The first is to control the UE power such that the sum of the intercell interferences it generates is a constant
· The second is to control the UE power such that the intercell interference it generates into the worst-case neighbour cell (least pathloss) is a constant

Both are valid solutions, but for the sake of simplicity, we concentrate on the second option in this document (depicted in Figure 1 below).


[image: image1.emf]g

ik 

serving cell 

strongest neighbour cell 

max(

g

ij

) 

  

j≠k

 


Figure 1
Formally represented, this option may be realised by setting the UE transmit power such that:
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… where:
Pi is the transmit power of the ith UE

Pmax is the maximum UE transmit power

(0 is the constant representing the target C/N that the transmission from the UE must not exceed in a neighbour cell

Nt is the thermal noise level

gij is the path gain from UE i to any cell j
k is the serving cell for the ith UE
The received C/N for the ith user in its serving cell k is simply Pi.gik such that:
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Generally speaking therefore the received C/N is proportional to the ratio of the path gain to the serving cell and the path gain to the strongest neighbour cell.

The uplink path gains can be estimated by the UE for both FDD and TDD (albeit somewhat slower for the FDD case due to the need for averaging over the frequency selective fading component).  Given that power control for LTE uplink is generally regarded as being a relatively slow process, this method can be therefore be considered suitable for both FDD and TDD.
The question then arises: should the transmit power be set by the UE or by the eNode-B?  In general, it is preferable for the network to remain in control of as much RRM as possible.  This provides operators with the necessary control to ensure that RRM policies are enforceable to the maximum extent possible and also reduces testing complications from the UE side.  As such, it is preferred that the network remains in control of the mean UE transmit power rather than autonomous control by the UE which may itself be controlled via appropriate power grants to the UE.
To enable an appropriate derivation of the size of the power grant, it is necessary that the scheduler is made aware, for each UE under its control, of the path loss to other cells relative to the serving cell path loss (a form of uplink CQI).  Armed with this information for each significant neighbour cell (or perhaps just the worst case neighbour), the scheduler in each eNode-B would be able to predict and control the interference levels caused in each cell by a hypothetical grant to a UE and hence system-wide control of interference may be achieved.  Furthermore, the variability of the interference levels seen by each eNode-B may be reduced and hence noise rise and outage may be controlled.
A further level of RRM is then also possible within the E-UTRAN in which eNode-B’s are able to communicate measurements of load between each other (or to a centralised RRM server function) such that the target levels of UL intercell interference as used by each scheduler may be adjusted in response to uneven cell loading.  This principle is shown in Figure 2.

[image: image4.emf]RRM 

server 

function 

adjustement of intercell 

interference targets

 

adjustment of intercell 

interference targets

 

adjustment of intercell 

interference targets

 

interference or loading 

measurements

 

interference or loading 

measurements

 

interference or loading 

measurements

 

eNode-B, 

cell1 

eNode-B, 

cell2 

eNode-B, 

cell3 


Figure 2
2 Conclusion

Large intercell interference variation at eNode-B receivers is a possible consequence of distributed scheduling with only one user scheduled per cell on a resource block basis.  This has the potential to negate any attempt of the scheduler to adapt to the radio link since the observed C/I at the actual time of transmission becomes unpredictable and reliant upon scheduling decisions in other cells which are unkown to the serving cell scheduler.  Furthermore, this can result in uncontrolled outage as excessive interference levels impact power-limited UEs.

To overcome these effects, some form intercell interference predictability is required.  It is proposed that this could be achieved via simple “UL CQI” reporting from each UE to its serving cell eNode-B.  The UL-CQI report could take several forms, but is in-general based upon the ratio of the serving cell pathloss to the pathloss observed from the same UE to other cells.  It is anticipated that these pathloss measurements (or components of them) will be naturally available at the UE due to existing functions such as are used to control handover.
The speed of reporting need not be especially fast and as such, downlink pathloss measurements may be used to infer mean uplink pathloss for both FDD and TDD modes.
In this way, the intercell interference caused by an UL grant to a specific UE may be predicted and controlled by the serving cell eNode-B scheduler.  This is able to reduce the variance of observed interference levels in each cell.
To cope with load variations between cells, a further level of RRM may be implemented in E-UTRAN wherein load or uplink interference measurements are conveyed between eNode-Bs or to a centralized RRM function, which can then be used to adjust the targeted intercell interference levels used by the schedulers in each cell.
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