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1. Introduction

In the Node B scheduler SINR measurements over the frequency axis should be available that are used for scheduler decisions. For that decisions also restrictions from Interference Coordination come into play. In this contribution the issue of deriving these measurements inside the terminal is considered including the effect of downlink power restrictions inside resource blocks. It is also considered how downlink power variations influence the usefulness or applicability of these measurements.
First the problem is described and then a possible approach concerning limitation of power allocation in the DL power control is proposed.
2. Measurement task and possibilities

The task is to estimate the signal to interference ratio for the subcarriers in a multi-cell scenario as depicted in Figure 1. 
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Figure 1: Interference situation for UE with serving and interfering channel transfer functions
The desired signal transfer function 
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 are exemplarily shown in Figure 2 to make clear their influence.
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Figure 2: Desired signal transfer function 
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 from two dominant interfering base stations. These are used to calculate the SIR(f) function over the frequency f.

It has to be observed that the interference from a neighbour base station depends on two factors. Firstly the allocated resource blocks and thus the corresponding subcarriers are scheduled with a certain power allocation which leads to the transmitted power spectrum 
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. Secondly this power allocation is shaped by the channel transfer function 
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for the interfering channel, resulting in  
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. This is approximately true also for asynchronous reception.

Now the power scheduling 
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is generally not known from a neighbour base station and it is not known in advance.
2.1. Possibilities to get the resulting interference
Possibility A
The resulting interference can be measured if a transmission signal is known and can be subtracted to obtain the resulting interference as shown in Figure 3.
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Figure 3: Known transmission signal 
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can be subtracted from reception signal 
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 to obtain interference 
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If one applies this method based on the scheduled data signals, these signals cover only certain resource blocks and not the remaining part of the spectrum. So this method is not suitable for CQI-estimation for all resource blocks (RB). Further as concerns other UE’s resource block allocations for the considered UE, it can be that these are not decodable and the corresponding control channel may not be readable. Additionally it would be an unbearable effort (also in battery consumption) to decode all other UE’s resource blocks for this measurement.
Possibility B

The control channel signal could be considered known. Using the control channel as known signal is also problematic since it is not clear, whether all parts can be received and can be decoded by all UE’s.
Possibility C

The pilot symbol values could be considered, to get estimation on the interference. Taking the pilot symbol values multiplied with the channel transfer function 
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 as known undisturbed reception signal is limited in its accuracy since the transfer function values 
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 need also to be determined by the disturbed reception values
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. Both 
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 are unknown. This is only possible (if the channel impulse response is short or) if the channel coherence is large in frequency and time and there is some gain by “despreading” pilot symbol values. This gain instead is limited !
There is further an issue with synchronism of pilots. In asynchronous networks it may happen that neighbour cell pilots fall on the same pilot position as in the serving cell. Then no data interference can be measured. 

In case of synchronism in case of synchronized networks this is always the case which is truly a drawback, since no data interference can be measured this way.
2.2. Possibility to use channel estimation and worst case assumption
So using the knowledge that the transmitted power spectrum is shaped by serving cell and interfering cell channel transfer functions. The SIR(f) function can be calculated. If one assumes that the desired signal spectrum 
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 is normalized to a mean value 
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Inside the sum in the denominator the dominant interferes are gathered. 
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 gives the interference from all non-dominant interferers from farther distant cells. N gives the thermal noise estimate.
As is seen from the picture the incorporation of the neighbor cell channel transfer functions for the interference can be important if the channel is highly frequency selective. Especially the higher level differences between the channel transfer functions indicate the good channel parts.
Now if one assumes for the power allocations 
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worst case (or mean) values 
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 this function can be calculated and the corresponding CQI values per resource block can be reported. Especially at the cell border where the interference can not be assumed to be white, the incorporation of the interfering channel transfer function is important. Here the pilots from the neighbour cells can easily be used to calculate the interfering channel transfer functions.

2.2.1. Reporting and UE speed

If a UE is moving with slow speed the desired channel transfer function 
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 are stable, while the scheduling power may only be below a certain limit. The reporting of this 
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If a UE is moving with higher speed the desired channel transfer function 
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 are changing too rapidly, for a reporting to pay off. In this case only a frequency averaged pathloss and shadowing should be considered for own and interfering cells. The corresponding values or the ratio resulting in a CQI can be reported.

2.2.2. Qualification of measurements inside NodeB
As was explained above, it is difficult to obtain and incorporate information about neighbour cell’s scheduling restrictions in the SINR measurements and thus in the reporting. Thus in an additional step inside the NodeB the information about scheduling restrictions of own and interfering cells has to be added to get a qualified CQI. This is necessary, to know on which resources a certain UE should be scheduled to be able to exploit the benefits of Interference Coordination.
So in the region where there are traffic restrictions in the own cell the SIR-function will be lowered accordingly. Further in the region where there are neighbour cell restrictions in traffic patterns due to interference coordination the SIR-function will be raised. 

Thus the information of serving cell and neighbour cell’s pathloss and shadowing e.g. from handover measurements has to be available which is considered a stable measurement. Further the information on own and neighbour cell power profiles (restrictions) has to be available at the NodeB. 
3. Consequences for power scheduling and possible approach
Even if a UE is slowly moving and the transfer functions 
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 are predictable the power scheduling of neighbour cell’s is not predictable.
It is seen from all the above analysis that a fluctuating frequency selective interference creates difficulties in measuring the SINR and predicting a frequency selective CQI on RB level for the future TTIs. This is not so severe in the inner parts of the cells where the interference is more white, which makes frequency domain scheduling (FDS) more suitable for the inner parts of the cell.

A possibility to reduce the fluctuations would be to fix the subcarrier power represented by 
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 to a constant value. On the other hand restrictions need to be possible and for 
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 it needs to be possible that this can be reduced in certain resource blocks maybe down to zero as part of the power control.
But to have not too big problems with frequency selective interference it is proposed to limit the raise of 
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 compared to a power allocation 
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 that results form evenly distributing the NodeB power to all resource blocks. So it is proposed to limit this raise e.g. to be below 
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4. Summary and Conclusion

In the SINR measurement task it has been pointed out that interference is the product of channel transfer functions and power scheduled data spectra.
The task at the cell border has been investigated and it has been seen that it is difficult to obtain and incorporate information about neighbour cell’s power allocation in the SINR measurements and in the reporting. Further this allocation is not predictable for future TTIs. It is further pointed out that it is highly unlikely that real CQI reporting is sufficient for Interference Coordination schemes.
For Interference Coordination a qualification of the SINR reporting in the NodeB can be done based on stable measurements. This makes Interference Coordination also work for UEs with higher speed where Frequency Domain Scheduling is not working anymore.

To limit the problem of fluctuating frequency selective interference an upper limit in a possible power control allocation is proposed.
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