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1. Introduction

In [1] we have outlined a list of candidate technologies for LTE-Advanced. Among others, we identified extended UE PMI feedback signalling as one potential solution for performance enhancements.
In [2] a classification of various multi-cell cooperation techniques was presented. This classification was performed with respect to sharing of channel state information at the transmitter (CSIT) and data between eNBs. Two proposals using extended PMI feedback signalling were made for techniques operating in the regime of partial CSIT sharing and no data sharing named “Collision-avoidance beamforming” and “precoding matrix index (PMI) coordination”.

In our contribution we discuss how techniques similar to the ones from [2] can also be used to enhance the single-cell performance for LTE-Advanced by improving user pairing for single-cell multi-user MIMO as shortly outlined in [1] and further detailed in [6].
We therefore propose to establish a more general framework of enhanced UE feedback signalling to aid both single-cell operation and multi-cell coordination. 
2. Advantages of extended PMI feedback signalling
In this section we describe the potential performance benefits for both single-cell and multi-cell operation enabled by enhanced UE feedback signalling. UE feedback is enhanced by sending additional PMI reports compared to Rel. 8 [3]. These additional feedback reports be termed as “best-companion” PMI reports. In general, best-companion PMI means that the UE feeds back  information how the interference level can be reduced in order to achieve best-case receiving conditions.
2.1. Multi-cell aspects
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Figure 1 - “Best Companion” for inter-cell interference avoidance

For multi-cell coordination across eNBs, the best-companion PMI feedback signalling from the UEs can be used to implement coordinated precoding/beamforming this is shown in Figure 1. In addition to the preferred PMI for the serving cell, the UEs also report best-companion PMIs for a number of 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. Further, the UEs report channel quality indicator (CQI) values for the cases that coordination is used or not used (may be Delta-CQI based). 
In order to increase the scheduling flexibility for the coordinated cells, the UEs may report a set of best-companion PMIs for each interfering cell, where the set gives the PMIs for which the inter-cell interference remains below a certain threshold.
2.2. Single-cell aspects
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Figure 2 – “Best Companion” for improved MU-MIMO pairing

In single-cell operation, i.e. when no inter-cell coordination is implemented, the best-companion PMI technique can be used to enhance the user pairing for multi-user MIMO this is shown in Figure 2. In addition to the preferred PMI for the serving cell, the UEs also report a best-companion PMI for the same serving cell. Based on this additional information, the eNB then pairs UEs for multi-user MIMO on the same time and frequency resources in such a way that the UEs observe lower intra-cell interference than in an operation mode without the additional best-companion PMI information. Further, the UEs report CQI values for the cases that the eNB uses the best-companion PMIs or does not use them (may be Delta-CQI based). 
The advantage of this enhanced UE feedback signalling is that the eNB can also include UE pairings that are beneficial due to instantaneous channel conditions and not only UE pairings that are derived from properties of the precoding/beamforming codebooks. 

In order to increase the scheduling flexibility, the UEs may report a set of best-companion PMIs, where the set gives the PMIs for which the intra-cell interference remains below a certain threshold.
2.3.  “Best companion” vs. “worst companion”

As already stated above, best-companion PMI means that the UEs feed back information how the inter- or intra-cell interference level can be reduced to achieve best-case conditions. In principle, a worst-companion PMI approach, where the UEs report the PMIs that create the highest intra- and inter-cell interference is also possible. Thus, the worst-companion PMI approach indicates worst-case conditions that shall be avoided. Depending on the scheduling strategy and the load of the cell this information can be needed as well. 
3. Proposal for extended PMI feedback signalling  
The discussion in section 2 shows that extended UE PMI feedback signalling is beneficial for both coordinated multi-cell and single-cell operation. We therefore propose to establish a general mechanism for extended UE PMI feedback signalling that covers both networking aspects. 
If one best-companion PMI or worst-companion PMI per cell shall be reported, this mechanism is as follows:
· The UEs measure the channel and report the preferred PMI for their serving cell 
[image: image3.wmf]s

C

.

· The UEs further measure the channels from a set of dominant interfering cells 
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· The UEs report best-companion or worst-companion PMIs, either only for the serving cell 
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, only for the set of interfering cells 
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· The UEs report the CQI for the case that the best-companion PMIs are not used and for the case that the best companion PMIs are used or the worst-companion PMIs are not used (the latter may be in the form of a Delta-CQI).

If a set of best-companion or worst-companion PMIs per cell shall be reported in order to increase the eNBs’ scheduling flexibility, some slight modifications have to be applied:
· The UEs measure the channel and report the preferred PMI for their serving cell 
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· The UEs further measure the channels from a set of dominant interfering cells 
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· The UEs report sets of best/worst-companion PMIs either only for the serving cell 
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, only for the set of interfering cells 
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. The cardinalities of the sets of best-companion/worst-companion PMIs for each cell (serving and interfering) may be different.

· The UEs report the CQI for the case that the best-companion PMIs are not used and an expected CQI for the case that PMIs from the sets of the best-companion PMIs are used or PMIs from the set of worst-companion PMIs are not used (the latter may again be in the form of a Delta-CQI).

4. Simulation results regarding single-cell
In a simulation based on the geometry of a 19·3 cell system the PMI reporting concept with companion reporting for the serving cell 
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 has been simulated.

In [6] multi-link simulations are shown in more detail, they are performed with statistical modelling of inter-cell interference based on the geometry of a 19·3 cell system. The gains in total cell throughput for the intra-cell Best Companion reporting are in the order of 20%, depending on the scenario as summarized in figure 2.
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Figure 3 - Relative gain in total average cell throughput

The simulation settings and the resulting subband SINR distribution are shown in detail in [6].

5. Conclusion

In our contribution we described the benefits of UE feedback signalling enhanced by best-companion or worst-companion PMIs. Benefits exist for both coordinated multi-cell as well as for single-cell operation enabled by the same signalling mechanisms. We therefore propose to create a general framework for such an enhanced UE PMI feedback signalling covering both networking aspects.
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