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1. Introduction

In the RAN WG1 meeting #50bis in Shanghai several decisions related to the CQI reporting format were taken [1]. The main points are listed below 

· CQI index is defined in terms of TBS, MS (QPSK, 16QAM, 64QAM) per n PRBs

· Value of n is fixed and FFS. 

· Other parameters are FFS.

· A single CQI index corresponds to an index pointing to a value in the CQI table.

· How many CQI indices per m subframe(s) will be sent to the Node B is FFS. 

· What equivalent SINR step size is assumed in the CQI table? 

· Minimum step size =  1dB

· Other values for the step size FFS. 

· Number of entries in the CQI table for single TX antenna = 32

In this contribution we propose some further principles to be taken into account in CQI table design.

2. CQI derivation

Selection of the reported CQI value selection is implementation specific, where the selection can be considered to be made based on a number of external as well as internal factors:

· Channel. The observed instantaneous channel conditions, including the frequency and time variation.

· Interference. This, for example, includes inter-cell interference level relative to the received signal level and inter-carrier interference due to the Doppler and frequency offset.
· Receiver factors. This includes a number receiver characteristics, such as receiver type (simple, advanced), the number of receive antennas, channel estimation penalty, the soft buffer state, noise floor etc.

· BLER target corresponding to the first HARQ attempt, for example 10%.

· Physical resource allocation. This is needed to capture turbo decoding effects related to the code block size, the number of code blocks and CRC overhead.

· MIMO variant.

Conceptually, CQI calculation can be thought of as a 2-stage process, where firstly an effective post receiver signal quality is defined based predominantly on the channel/interference conditions and receiver factors. Secondly, the MCS is selected taking into account the BLER target and physical resource allocation. This is elaborated in Figure 1
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Figure 1. Illustrative diagram of CQI derivation.

3. Discussion

It was agreed in RAN1 meeting #50bis that CQI feedback will correspond to normalized MCS i.e. the number of transport block bits per n PRBs. However, since the number of resource elements per PRB (and thus TBS) depends on e.g. normal/extended CP structure, the number of OFDM symbols allocated for PDCCH and the number of TX antennas we propose to define the CQI simply in terms of modulation and encoding rate. Effectively, this is equivalent to spectral efficiency feedback in bit/RE.
It would be desirable to define the CQI table in such a manner that the spacing between neighbouring MCSs corresponds to equal SNR intervals in AWGN conditions, in a similar manner as done in HSDPA. However, it may be difficult to maintain this with the ‘normalized MCS’ approach due to the following factors:

· Improved turbo decoding performance for large code blocks.

· Impact of fixed CRC length, particularly visible at very low and very high coding rates.
The SINR required for a fixed spectral efficiency increases significantly with decreasing code block size, and hence physical resource. This effect is most pronounced at low MCS, typically associated with QPSK. This is illustrated in the Figure 2 below.
The implication on the MCS table for CQI feedback is that, depending on the physical resource, the SINR step between neighbouring MCSs may be either expanded or compressed, depending on the underlying physical resource allocation. Therefore, to ensure minimum deviation from the average dB step, the MCS table should be set based on a medium sized physical resource.
(Strictly speaking, the number of CBs per TB also weakly affects spectral efficiency, but we believe there’s no need to take this into account in MCS design for CQI feedback).
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Figure 2. Efficiency for different physical resource allocations

To obtain the results in Figure 2, the following simulation assumptions were taken: For a fixed physical resource allocation, the efficiency was varied by sweeping the transport block size. Efficiency is calculated as TBS/PHY_RES, where TBS excludes the CRC bits. In this preliminary study only QPSK was taken into account. For each block size, the SNR for 10% BLER is shown. The following physical resource allocations were simulated:

· 1 PRB (small): 102 REs (FS1, extended CP, 3 symbols allocated to DL-CCH, 1 Tx antenna)
· 1 PRB: 138 REs (FS1, normal CP, 2 symbols allocated to DL-CCH, 1 Tx antenna)

· 2 PRBs: 2*138 = 276 REs

· 5 PRBs: 5*138 = 690 REs

· 20 PRBs: 20*138 = 2760 REs

· 100 PRBs: 100*138 = 13800 REs

Based on simulation results we can observe that the scenario with 2 PRBs (276 REs) is approximately equidistant from the smallest and largest physical resource allocations. Therefore, it was seen as good choice as reference for MCS derivation. What remains is checking the impact this choice has on smaller and larger physical resource allocations. This was done by using the following approach:

· For the reference physical resource allocation of PHY_REF = 2 PRBs, find SNR_INI corresponding to efficiency of 0.283 bit/symbol. This is equivalent to the the lowest MCS available in HSDPA CQI tables.

· Define the vector SNR_REF, whose 1st entry is SNR_INI and remaining entries lie at 1 dB intervals. Find the vector of spectral efficiencies EFF_REF, corresponding to SNR_REF and based on PHY_REF.

· Find the vectors SNR_20PRB and SNR_1PRB_Small, corresponding to SNR values required to achieve spectral efficiencies defined by EFF_REF for 20 and 1 small PRB allocations.
The following Figure 3 shows the results of the above procedure (circles). The vector EFF_REF is shown in Table 1. We remind that the efficiency values in Table 1 are exemplary and we recommend rounding them to some simpler form in the specification. Furthermore, it should be discussed whether 1 dB increments are sufficient to cover the required dynamic range. Also it might be better to target for equidistant CQI value in capacity domain rather than SINR.  
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Figure 3. Mapping of reference efficiencies to different physical resource allocations
Table 1. The vector of spectral efficiencies EFF_REF, corresponding to SNR_REF and based on PHY_REF.
	0.28333
	0.39135
	0.52387
	0.67138
	0.82481
	0.98033
	1.1392
	1.3026
	1.4644
	1.6076
	1.7118


The following Figure 4 shows the SNR step (dB) between the chosen MCSs. As expected, for low MCSs the step is compressed or expanded for large and small physical resource allocations, respectively. The trend is reversed in the high MCS region, which is also to be expected given the CRC overhead. Overall, although some deviation from 1 dB is observed for extremely small and extremely large physical resource allocations, it is believed to be sufficiently small and tolerable. We remark that, at some point around efficiency of 1.5 a switch to 16QAM is likely to take place. This corresponds to MCS index of 9. 
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Figure 4. Granularity of MCS with physical resource allocations

4. Conclusion

In this contribution we have discussed several aspects related to CQI format and the design principles of the CQI table. We have shown a methodology for defining the values for the entries in CQI table by utilizing AWGN link simulations with variable TBS. 

In conclusion, we propose that:

· The CQI is defined in terms of modulation and encoding rate or equivalently modulation and efficiency in bit/RE.

· The MCS table for CQI feedback is derived based on the reference physical resource of 2 PRBs using AWGN link simulations and the methodology described in this document.
Furthermore, it should be discussed whether 1 dB increments are sufficient to cover the required dynamic range and would it be better to target for equidistant CQI value in capacity domain rather than SINR.  
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