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1. Introduction

In [3] UE PMI feedback signalling to support user pairing/coordination was proposed. That PMI reporting was also proposed for the inter-cell coordination case where avoiding the use of an unfavourable PMI by a neighbour cell can improve the Signal-to-Interference ratio for a certain UE. Such an SIR improvement can be achieved by providing support for coordination of schedulers between cells; various possible methods exist for this. 
Implementing a truly distributed scheduling is a deviation from the previous paradigm and is not easy to achieve. Here a cell scheduler has to take into account precoding restrictions imposed by neighbouring cells. How this is dealt with has an influence on the overall performance. The specific implementation thus may have an impact on the overall result. 

To get a more general insight and to assess what gains can be achieved by a coordinated scheduling, different experiments have been carried out in a 3GPP system simulator according to TR25.814 although a single UE has been considered. 

In the following section our proposed concept is recaptured. Then the experiments and results are given and finally conclusions are drawn.

2. Inter-cell coordination case 

For multi-cell coordination across eNBs, “worst companion” PMI feedback signalling from the UEs can be used to implement coordinated precoding/beamforming as shown in Figure 1. 
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Figure 1 - “Worst Companion” for inter-cell interference avoidance

In addition to the preferred PMI for the serving cell, the UEs report worst companion PMIs for one or more interfering cells. Based on this additional information, the eNBs then schedule UEs in the different cells (serving and interfering) on the same time and frequency resources using appropriate precoding/beamforming in such a way that the UEs observe lower inter-cell interference than in the uncoordinated case. 

That is, for each relevant interfering cell the UE reports one or more PMI that (if used) would create the largest intra-cell interference to the reporting UE. So using these PMIs for scheduling another UE on the same resource in the neighbour cell would be unfavourable for the reporting UE. 

Further, the UE reports CQI values for the case that coordination is used or is not used (may for example be Delta-CQI based). So in case of the worst companion, the Delta-CQI is the gain when this worst companion is not used in the neighbour cell. 

In order to increase the scheduling flexibility for the coordinated cells, the UEs may report a set of  worst companion PMI for each interfering cell. This would increase the number of reports and required feedback capacity. The UE can be configured by the eNB to send the desired kind of reports e.g. semi-statically.

3. Performance effects from restricting worst precoding in neighbour cells

The performance effect on one UE with 2 Rx is evaluated. The UE is dropped 1000 times with simulations over 10 subframes per drop (10 subframes were deemed sufficient because we focus here on the short term throughput gain). The eNB is assumed to have 4 correlated antennas with 0.5 ( spacing, and an ISD of 500m is assumed. Further, out of the possible Rel.8 codebook only 7 matrices which can be used to form reasonable beams are used in this simulation.
The neighbourhood between cells is first determined without shadowing. That means we are only considering the 6 geometrically-nearest neighbour cells. The shadowing is later optionally included in the SINR calculation. In this case the geometrical nearest neighbours are not always the strongest interfering cells. Because of this effect the full performance improvement potential is not exploited.
Neighbour cell precoding matrices are assumed to be used at random. In this way, for each random choice an SINR is calculated. By restricting the usage of an interfering cell’s precoding a UE will see on average an SINR improvement if the remaining precoding matrices are then also used at random. 
To evaluate the performance impact, the SINR distribution per subband is first calculated, and afterwards this is mapped to the resulting throughput by using an approximated efficiency curve.

Now different strategies for imposing precoding matrix restrictions can be considered.

3.1. Determining precoding matrix lists per interferer cell

A list of interfering precoding matrices for each interfering cell can be set up, and on each cell simultaneously one precoding matrix is barred. Further restrictions may be applied in subsequent steps by going from Step 0 to higher steps as shown in Figure 2.
[image: image2.png]List Interferer cello List Interferer cell 1 List Interferer cell 5

Step 0
z
K
5
5 Step 1
3 .
E
£
H
z
%Q
& . * *
&
Step N1 @f Worst Companion N Worst Companion N o o o [Worst Companion N

Step N




Figure 2: Restricting the lists of available precoding matrices per interferer cell
For the evaluation, a resource group size of 48 subcarriers or 4 PRBs has been assumed. All the lists and precoding matrix restrictions are then carried out per resource group in the simulation. The resulting throughput improvement for each Step is then shown in Figure 3.
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Figure 3: Throughput gain for each step
The Figure shows already that gains are mainly achieved in the 5-percentile region of user throughput. 
3.2. Determining sorted precoding matrix lists over all interferer cells

By sorting the (precoding matrix, interferer cell)-pairs now not by cell, but by severity of the interference, lists as shown in Figure 4 can be set up.
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Figure 4: Sorted PMI lists over all interferer cells

3.2.1. Restricting 1,2,3 .... worst interfering precoding matrices
Now by each restriction step one interfering precoding matrix out of the total list is restricted and the result is shown in Figure 5.
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Figure 5: Throughput gain when restricting individual worst companions

It is clearly seen from that, that by imposing about 4 restrictions already about half of the maximum possible improvement effect can be obtained.
 
If there is a dominant interfering cell for a UE this method might mean that too many precoding matrices of a cell get forbidden (in case of forbidding 7 precoding matrices it would be a total silencing of the subband). Thus in order to avoid this unrealistic case in another simulation the worst precoding matrices were forbidden but with a maximum number of K precoding matrix restrictions per cell.
3.2.2. Restricting 1,2,3 .... worst interfering precoding matrices with maximum number K of precoding matrix restrictions per each interfering cell

In this simulation the number of K was varied between 1, 2, 3 and 7. The results from this simulation are given in Figure 6. All curves in this figure refer to the case with shadowing enabled. 
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Figure 6: Throughput gain when restricting individual worst companions with maximum number of K (=1,2,3 and 7) restrictions per interfering cell
Again it is seen, when looking at the orange or red curves, that also in this case most of the improvement can be obtained when barring 2 (K=1) to 6 (K=3) worst precoding matrices.
4. Summary and Conclusion

This contribution has addressed the performance improvement potential by Coordinated Scheduling/ Beamforming. 
A truly distributed scheduling is not easy to achieve and the results are influenced by the specific implementation. To get a more general insight and to assess what gains can be achieved by coordinated scheduling (in the limit) different experiments have been carried out in a 3GPP system simulator. 
For multi-cell coordination with 6 closest neighbours the performance potential has been investigated.
It can be summarized:
· Results are given for the class of CoMP approaches by Coordinated Scheduling where there is no user data exchange over the backhaul (X2) needed.

· Cell edge user throughput gains of about 40% (overall cell throughput gains about 10%) can be achieved when restricting on average 1 worst companion PMI per neighbour cell (max. 2-3).

· These gains are foreseen for an average number of 10 users per sector
· The signalling of the PMI feedback over the UL air interface seems realizable with reasonable assumptions.
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