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1.  Introduction 
This document considers how knowledge of downlink interference conditions can be exploited by the UE to give better performance. The particular focus here is for HetNets, but some similar issues may arise in other scenarios. 
2.  Discussion
In order that the eNB can schedule DL data transmissions to make efficient use of system resources, a UE is typically expected to provide the eNB with feedback on the DL channel state. For Release 10, it has been agreed that this would be in the form of implicit feedback, under the assumption of a particular transmission scheme. Following Release 8 principles this would comprise components such as:- 

· Preferred transmission rank 

· Preferred precoding matrix (possibly supplemented with additional information such as PMI for different transmission assumptions)  

· Data rate(s) that could be received (e.g. CQI for one or more codewords, possibly under different transmission assumptions)

· Frequency selective information (e.g. multiple instances of feedback information for different sub-bands)

An inherent assumption in this approach is that interference levels vary only slowly with time (at least no faster than the channel matrix). This means that the PMI and CQI derived from UE measurements (of channel matrix and noise/interference levels) in one subframe would both be useful to the eNB scheduler in a later subframe. Such an assumption is reasonable in some cases (e.g. low mobility, fully loaded system). In other cases (e.g. with low or intermittent traffic loading) the network may be able take some mitigating measures such as coordinating the scheduling in adjacent cells or adjusting UE CQI reports to reflect changing interference conditions known to the network. However, such mechanisms may not be fully effective and may not be available at all in HetNet scenarios. 
With MIMO operation and frequency domain scheduling instantaneous interference levels can vary significantly across the frequency domain. Furthermore, in at least some scenarios (e.g. HetNet) even the average interference level cannot be assumed to be uniform in the frequency domain.

From the above discussion, it appears that some means for improving the handling of non-uniform interference at the UE should be considered.  
2.1
UE interference measurements
Currently, although there is no restriction on the observation interval that the UE can employ in reporting CQI, there seems to be an implicit assumption that the UE may average the observed interference over some interval in both time and frequency domains, and calculate a CQI that would give 10% BLER with this level of interference. However, for non-stationary interference, this is not the optimum approach. For example, consider a simple situation where the interference power may take one of two values, I1 and I2, with equal probability, but with I1 much larger than I2. It is clear that the throughput will typically be larger if the scheduled transmission rate is based on an interference level of I2 rather than an average of I1 and I2. Considering that interference may be non-stationary in both time and frequency domains, this leads to the following principles:-

· The UE should not average interference measurements in the time domain over any period during which significant variations in interference level are known to be likely to occur.        
· The UE should not average interference measurements in the frequency domain over any bandwidth interval over which significant variations in interference level are known to be likely to occur. 

It is tempting to apply something similar in the spatial domain. The spatial properties of interference may be captured in the form of a covariance matrix. Therefore the following may be appropriate:- 

·   The UE should not average over terms in the interference covariance matrix which are known to be likely to be different.
There are a few options for determining interference variability, for example:-

a) Measured by the UE: The UE should be well able to assess its own interference environment, but this may require an extended observation interval. Also, past measurements may not necessarily be a good guide to future interference levels.    

b) Determined by the eNB: This would be appropriate where the eNB has information on scheduling in the cells that it controls, and/or in nearby cells.
c) A combination of a) and b) 
It may be possible to specify some aspects of the use of interference knowledge on interference measurement and CQI calculation at the UE. However, in order that the network has control of UE behavior, the eNB should preferably signal any particular assumptions to the UE that it should take into account about measuring interference or using interference measurements, for example averaging intervals in time and frequency domain, or CQI reporting granularity in time or frequency domain..  

As an example, a UE being served by a macro-cell, but suffering from interference from a femto-cell, may be able to determine the bandwidth occupied by the interference as well as its time domain statistics. This information could be signaled to the serving eNB, which could then determine suitable interference averaging parameters and granularity that the UE could use in its CQI calculations. However, if such an interference source is intermittent, higher throughput may be obtained by reporting a CQI based on the periods without interference. Therefore it would be beneficial if the eNB could provide the UE with a suitable interference level to assume for its CQI calculations. 
In addition, as shown in [1] the particular assumptions about interference used for CQI calculation at the UE (i.e. SU-MIMO/ MU-MIMO and transmitter precoding) can have a significant impact on system performance.      
3. Conclusions
From the above discussion we propose the following:-
· The UE should have the capability of measuring long-term interference properties and signaling them to the eNB (independently of CQI reports).

· The eNB may signal to the UE particular assumptions about: 
· Averaging of interference measurements for use in CQI calculation (e.g. averaging intervals to be applied in time and/or frequency domain).
· Interference levels to use in (e.g. in particular parts of the spectrum) for CQI calculation.

· Further study is needed on how to handle spatial characteristics of interference (e.g. signaling of MIMO-related precoding assumptions for CQI calculation).  
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