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1   Introduction
It was agreed at Nov 2007 Jeju meeting ‎[1], that CQI table is MCS based and some general rules to generate such tables are proposed and agreed. It was suggested that discussion should be continued with proposals of CQI tables submitted to RAN1 reflector and see if any agreement of a CQI table can be reached. 

From the follow-up discussions on RAN1 reflector on CQI table generation after Jeju meeting, one question is whether to have one CQI table or multiple CQI tables, each suitable for different channels, or in another word, whether to have a 1-to-1 mapping CQI  table or have a 1-to-multiple mapping CQI table, in the latter case,  it means that the CQI table could contains multiple MCS with the same spectrum efficiency but with different modulation and code rates. The main purpose for such proposal is that it is observed from the simulation that different MCS with the same spectrum efficiency could perform differently in different channel statistics like AWGN and fading channels. 

The above issue has been discussed for a while on RAN 1 reflector. In the end, to move forward, it was agreed to adopt a 1-to-1 mapping  4-bit CQI table. However, we believe it is still worthwhile to raise the benefit of using different MCS (with the same spectrum efficiency) for different channel statistic as it will simply enhance the system throughput. One alternative way to do so is to implement this at eNB side, namely, based on the CQI feedback from UE, the eNB should have the freedom to choose different MCS other than those reported in CQI from the UE.
Therefore, we propose to give eNB the final authority to choose the MCS it used in downlink transmission and the MCS set size eNB uses should be larger than those MCS defined in the CQI table.          .    

2   Using Multiple MCS for Different Channels
The benefit of using multiple MCS with the same spectrum efficiency for different channels can be observed from Figure 1, where the spectrum efficiency vs SNR plots are depicted for SISO system under AWGN and TU channels, respectively.  It should be noticed that around those switching areas highlighted by the circles where modulation is switched from one level to the other, MCS with different modulations perform differently in different channels.

In general, MCS with lower order modulation would perform better than higher order modulation in AWGN channels, but this trend is reversed in fading channel such as TU channel, namely, in fading channel, MCS with higher order modulation would perform better than that with lower order modulation. This can be simply explained by the fact that with the same spectrum efficiency, lower order modulation leads to higher code rates, whose performance would suffer more in fading channels due to fading puncturing effect. 
     The similar observations are presented in ‎[2] and mentioned by other companies during the reflector discussion 
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Figure 1: Spectrum efficiency vs SNR plots for AWGN and TU channels
3  MCS Selection at eNB
From the above analysis, it is obvious beneficial to have multiple MCS suitable for different channels. However, on RAN1 reflector, the decision was made to adopt a 1-to-1 mapping CQI table for simplicity reason. This would simplify CQI feedback process at UE side, but still leave it open at eNB for the possibility of implementing such features. 
  It is believed that eNB should have more power and capability to implement such features due to the following considerations 
1. First, eNB could have better capability to estimate channel statistic UE is experiencing, and therefore, could assign different MCS accordingly.

2. Second, the UE could associate such assignment of different MCS to sub-channel assignment, for example, it could allocate lower order modulation MCS when sub-channel assignment is localized channel as for localized channel, the channel fluctuation is lower in general, at the same time, it could allocate higher order modulation MCS if sub-channel assignment is distributed channel, where the channel fluctuation would be larger in general.  
The MCS selected by eNB will then be signalled through downlink scheduling assignment.

 To allow eNB have enough flexibility to achieve the above implementation, it is required therefore that eNB could have the final authority on selection of MCS, and the MCS it selects could be different from that specified in CQI reports. It is in general believed that the MCS set used eNB should be larger and be a superset of that defined in CQI table. Providing the fact that right now a 4-bit CQI table is adopted, which leads to only 16 MCS, it is more necessary to allow eNB have a larger MCS set for downlink transmission. 

There could be two alternatives on this regard:

1. One is to define a large MCS table, which is a superset of that defined in CQI table. The extra MCS in this MCS table used at eNB could include those MCS sets with the same spectrum efficiency around switching points which will benefit the system throughput for different channels. 

2. The second alternative is to completely leave eNB to choose whatever modulation and code rate it would like to, namely, eNB could choose any combination of modulation and code rate. This would also allow eNB to use other ways ‎[3] to achieve the similar goal as using different MCS as proposed here  
4   Conclusions

In this contribution, the benefit of using different MCS (with the same spectrum efficiency) is reiterated. The possibility of implementing such feature at eNB is discussed and some alternative solutions are proposed. It is believed that eNB should have the final authority to select MCS used in the downlink transmission and the MCS it selects could be different from that feedback in CQI reports. This would give eNB enough freedom to exploit the benefit of using different MCS suitable for different channels to enhance the system performance. 
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