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Discussion
1. Summary
In analyzing the value of various MIMO features for E-UTRA such as layer permutations, number of codewords (number of SICs), SIC gain vs. multi-user diversity gain, it is critical to use a fine MCS granularity that the system will actually use.

The coarse MCS brings out a misleading conclusion due to the following reasons:

1) Layer Permutation - When different virtual antennas experience different SINR values, layer permutation does not lose throughput performance by taking the intermediate (average) MCS between two MCS levels corresponding to the two different SINRs. However, with a very coarse granularity, intermediate MCS cannot be found very often, and Node B shall select the lower level of MCS values degrading the throughput performance.
2) Four Codewords (3 SICs) vs. Two Codewords (1 SIC) in 4x4:  SIC gain between adjacent layers are not very large (1-2dB gain or lower) in typical channels. With 3-4dB or coarser MCS granularity, the SIC cancellation gain of 1-2dB cannot be effectively converted to the throughput gain as Node-B cannot select the 3-4dB higher MCS very often in order not to seriously increase the transmission error rate. Once you cancel two layers together in the 4x4, the accumulated SINR improvement may overtake the 3-4dB MCS granularity threshold and thus the SINR improvement can be reflected as the higher level MCS selections. So, with a coarse granularity, we may see only moderate performance degradation even after omitting the 1st and the 3rd cancellations. Furthermore, as the MMSE-SIC receiver cannot effectively convert an SINR gain to a throughput gain with such a coarse granularity, we may see a significant gain of precoding (without water-filling) even in a very high SINR, as precoding (without power water-filling) can achieve the open-loop MIMO capacity even with a LMMSE receiver, while no precoding can achieve it with an MMSE-SIC receiver. With a fine granularity, we cannot find such an improvement (See Figure A in Appendix).
3) SIC based SU-MIMO vs. LMMSE based MU-MIMO: SU-MIMO gets the gain through SIC while MU-MIMO gets the gain through multi-user diversity. If we apply SIC in 2x2, the SINR gap between the 1st layer and the 2nd layer will be still 1-2dB or lower in typical channels even in the high SNR. Now by using 4-5dB MCS granularity, the SIC gain will rarely be collected as the throughput gain, as the probability to select the higher MCS for the 2nd layer becomes small.   

Furthermore, if the MCS granularity is much coarser than CQI report granularity, it is simply a waste of uplink resources.

Thus, UTRA (HSDPA) has 64 MCS levels (even worrying about the loss originating from the packet padding) while it has 32 CQI levels. We have not decided on the MCS granularity for E-UTRA yet, but it is natural that we should use around 32 or higher MCS levels if we use 32 CQI report levels. The coarse granularity significantly degrades the performance as is shown in [1]. We believe that E-UTRA enhancement by multiple antennas should be based on the baseline system which can provide a better or at least comparable performance compared to UTRA. 
Therefore, at least in performing detailed simulations on 1) layer permutations, 2) max number of codewords (number of SICs), 3) SU-MIMO vs. MU-MIMO, we claim that we should use a realistic number of MCS levels (for example, around 32 MCS levels) that we are likely to use in the actual E-UTRA system.
  
Appendix-A shows MCS levels taken in several contributions for comparison of layer permutation, maximum number of codewords, SU-MIMO vs. MU-MIMO, and the others.  

Appendix A. MCS Levels
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Figure 1. Samsung used for comparison of SU-MIMO vs. MU-MIMO (coarse granularity, max 5dB) [2].
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Figure 2. TI used for comparison of max number of codewords and layer permutation [4][6] (coarse granularity, max 3-4dB; 2.5bps/Hz MCS level is missing in [5]).
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Figure 3. Nokia used for comparison of max number of codewords and layer permutation (coarse granularity, max 3-4dB) [7]-[8].
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Figure 4. Panasonic used for comparison of max. number of codewords (coarse granularity, max 5dB) [9].
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Figure 5. Samsung for layer permutation [10] (1dB granularity in low geometry and almost 2dB granularity in med-high geometry; MCS range is too narrow (only 15dB dynamic range) for MIMO simulation. Two more MCS levels are added in [11].)
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Figure 6. LG used for comparison of max number of codewords and layer permutation (Around 2dB granularity) [12]-[14].
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Figure 7. Lucent used for comparison of MU-MIMO [15] (Almost uniform quantization with 1dB or lower granularity. Except for 12dB and 16dB geometry, the granularity very fine. Granularity lower than 1dB was not exhibited in the Figure. Ericsson used for comparison of precoding [16] also uses the same MCS as Lucent.)
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Figure 8. Overall MCS comparisons.
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� Fine MCS levels are usually generated by using many code rates (through rate matching) and modulation orders. Alternatively, in the evaluation, if Node B transmits one user at a time, we may implement the fine granularity by allocating the bandwidth in proportion to the reported CQI level, keeping relatively a small number of code rates and modulation orders. With multiple users transmitted at a time, it is difficult to implement the second approach.  





- 1/7 -

