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Introduction
In this contribution, the required granularity of CQI reporting in support of FDD MIMO is discussed. A simple transform coding quantization scheme with variable bit rate for the two CQI values in D-TxAA is presented and the impact of reduced bit allocation is investigated. We conclude that such a simple joint quantization scheme for the two CQI values in D-TxAA has the potential of requiring a smaller number of bits than individual quantization of the CQI values with diminishing performance loss. Therefore, such a joint quantization scheme should be considered for standardization of FDD MIMO. Since the exact impact of the CQI quantization scheme on system performance is not fully understood at this point, it is suggested to focus on two possible word lengths (8 and 9 bits) to be further investigated before a final decision on CQI reporting formats and CQI tables in support of FDD MIMO is taken. 
1 SINR reporting
What is described in this section is a model for evaluating performance impact of quantized CQI reporting. It is not intended to suggest a mandate that the exact same processing on UE and Node B side should be done in actual implementations. The described model is just used to find out whether a certain number of quantization levels would be sufficient without risking any significant system performance losses.

The SINR that is obtained at the UE for the two data streams in D-TxAA is closely connected to the available transport formats that the current channel conditions support with a given target block error rate. Therefore, choosing a certain set of possible CQI values with a certain granularity of CQI reporting together with their associated transport formats is directly related to the choice of a quantization scheme for the SINR that is obtained at the UE. In the following, we describe two quantization schemes for the SINR at the UE together with subsequent processing at Node B to recover the approximate SINR values that are used to select an appropriate transport format.  We use the following notation: The two streams in D-TxAA are indexed with 0 or 1 and the related SINR values (in dB) are denoted 
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. Mapping a real value x to an integer index i that can be represented with k bits using a uniform quantization with 1dB intervals is denoted as 
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, the inverse operation, i.e., the mapping of an index coded in k bits to an approximate SINR value as 
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Scheme A (independent quantization): Both  SINR values are quantized independently with k bits, transmitted to Node B and reconstructed, see Fig. 1. After reconstruction the Node B would actually map the resulting SINR values into transport formats. Therefore, the receiver processing at the Node B could also be interpreted as mapping of an index value represented with k bits into a transport format.

[image: image5]
Figure 1: independent quantization
Scheme B (transform coding): At the UE, the vector 
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 is mapped to the vector 
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 using a linear operation represented by the square invertible matrix A. The transformed values 
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 are then quantized using 
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 bits, respectively.  At the Node B, the inverse operation is performed, see Fig. 2, and an appropriate transport format combination is selected. Again, this inverse operation is equivalent of mapping the overall index value represented by the set of 
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bits into a transport format combination. The purpose of the linear mapping is to find representations of the SINR values that can be quantized with a smaller number of bits without sacrificing too much performance. The choice of the matrix 
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is subject to optimization and depends on the statistical properties of 
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 as well as the impact of reconstruction errors on the expected performance loss which in turn depend on the granularity of the quantization. 
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Figure 2:  Quantization after a linear transformation
It should be noted that the described scheme of transforming SINR values into quantized reporting values and back into estimated SINR values is just used as a model for performance evaluation in this contribution. In the actual MIMO operation, the Node B would not really have to perform the inverse operation of mapping the two quantized index values back into the vector 
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and then with the inverse transformation 
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 into estimated SINR values. Once a certain granularity or the actual reporting procedure would be agreed, each bit vector consisting of the two quantized values 
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 would correspond to a certain combination of transport formats for the two streams. Therefore, the final outcome would be a CQI table with a certain number of rows in which each row would correspond to one possible CQI reporting value and would contain information for up to two transport formats on the up to two data streams.
2 Simulation Results

In our system-level simulation results, we use the standard assumptions in the reference scenario described in [1] and [2].  We pick as transform matrix 
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such that the transformed values 
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 represent the average and scaled difference, respectively, between the two SINR values. The range of the quantization of 
[image: image25.wmf]1

D

 is limited when reducing the number of transformed bits based on the intuition that SINR values with a large difference are less likely allowing a smaller dynamic range for 
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The simulation results for 
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are presented in Figure 3. For each simulation 15 drops of 10 UEs per sector were used. The performance curves, which describe the CDF of the average per-user data rate, are essentially the same for all schemes requiring 10, 9, or  8 bit for the representation of the SINR values.  Minor differences between the curves are within the range of simulation error. We conclude therefore that even with the simple quantization scheme that was described in this contribution it is possible to reduce the number of required bits from 10 (two independent 5-bit CQI reports) to 8 (one joint CQI report). We expect that a thorough investigation of  other (and maybe more advanced) quantization schemes may provide a potential for further reduction of the number of necessary CQI reporting bits and/or an improved system performance for a given number of CQI reporting bits.
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Figure 3: Simulation results

3 Conclusions

The presented results on system level performance using 8, 9, and 10 bits for CQI reporting indicate that no significant performance loss should be expected when using only 8 bits for dual CQI reports compared to 10 bits. However, at this point it is not fully understood, which exact set of transport format combinations should be used in a CQI table for dynamic single/dual stream CQI reports. Therefore, it is suggested to use 8 bits of granularity as a working assumption with an option to go with 9 bits if it turns out that this would provide reasonable performance benefits.

It is further suggested that the list of transport format combinations that would have to be captured in a new CQI table (for each MIMO UE category) would be kept open until the next meeting.
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