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1. Introduction

The CQI feedback from the UE to the serving eNode-B is primarily used for link adaptation decisions (selection of modulation and coding scheme, MCS) as well as for packet scheduling purposes to facilitate scheduling of users when they experience favourable radio conditions. One example of the latter is that the CQI may be configured to be frequency selective, so the eNode-B scheduler can aim at only scheduling users on the PRBs with good channel quality. In this contribution we address the CQI format used by the eNode-B to select the MCS taking into account the RAN4 testability requirements [1],[2]. Other parts of the full CQI word that for instance express frequency selective information are not extensively treated in this document. 
2. Example for wideband CQI
We first consider the CQI format for a simple scenario where the UE measures the wideband channel quality, i.e. across the entire system bandwidth. As the system bandwidth can vary from 1.4 MHz and up to 20 MHz, it is important that the CQI format is independent of the actual system bandwidth. Adopting the ideas from HSDPA, we propose a simple CQI table format with X entries as exemplified in Table 1. Thus, the CQI format for MCS is simply an integer pointing to an entry in the CQI-format table. The CQI format is organized in order of increasing data rates. For LTE we propose that the table contains the modulation scheme and the number of bits per PRB. As an alternative to having the number of bits per PRB in the table, one could instead include the effective coding rate (ECR), as the number of bits can computed from the modulation scheme and ECR, and vice versa. The number of entries in the table should be set as a compromise between signaling overhead and link adaptation accuracy; namely the UE measuring accuracy should be considered to limit the signaling resolution accordingly.
Assuming a system bandwidth of K PRBs (as an example, K=50 PRBs for 10 MHz), the eNode-B should read the CQI-format as the UE is recommending  to transmit on the K PRBs with the suggested modulation scheme and K*TBS bits, where the modulation scheme and TBS are according to the entry in the CQI format table. The rule for the UE to estimate the CQI (pointer to entry in the table) could also be similar as for HSDPA, so the highest reported entry in the CQI-format table is reported, subject to the constraint that the UE estimates that it can correctly decode the transmission with an error probability of less than Y% in a given reference interval. For HSDPA, Y is fixed at 10% and the so-called reference interval is a time-period of one TTI ending one slot before the CQI is send by the UE [See 25.214].
The fact that the table entry in the suggested CQI-format table is per PRB, ensures that this solution is system bandwidth independent, i.e. applicable for different system bandwidth options for LTE.
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Table 1 Suggested CQI reference table format structure for the single stream case.

It shall be noted that the CQI-format suggestion in Table 1 is just an example. Further study is needed is to determine the actual numbers in the table. Also the number of entries in the CQI-format table shall be further discussed. Assuming a link adaptation range from QPSK with heavy coding to 64QAM with marginal, or no coding, the SINR dynamic range is in the order of approximately 25 dB. As a simple first proposal, this implies that 32 entries (5-bits for the CQI format) could be sufficient to achieve at least one decibel resolution. Hence, as a tentative conclusion, 5 bits could be sufficient for wideband CQI reporting using the format in Table 1.
3. Example for frequency selective CQI
As we will discuss in the following, the suggested CQI-format in Table 1 is also valid for cases where the UE is configured to report a frequency selective channel quality measure. In order to further exemplify the latter, we will consider two cases, one with full sub-band reporting and one where a CQI compression scheme is used.
Full sub-band reporting:

For the case with full sub-band reporting, it is assumed that the UE reports the channel quality for every sub-band of N PRBs. For this case, the suggested CQI-format in Table 1 is also applicable, as this would simply mean that the eNode-B is guaranteed a BLER of Y%  of the transmission if transmitting with the given modulation scheme and TBS*N bits on the N PRBs in the sub-band. This is valid for separate transmission on each of the individual sub-bands.
Compressed CQI schemes:

An alternative to full reporting of every sub-band is to use a compression CQI reporting scheme. Here one of the candidate schemes is to report the equivalent average channel quality for a sub-set of the best sub-bands, together with a bit mask indicating the location of those best sub-bands. The total CQI word would therefore look as illustrated in Figure 1, where the first part of the CQI word is the recommended MCS (i.e. point to the CQI-format table), while the second part is the bit mask indicating the location of the best sub-bands. Examples, of such schemes include the Average best-M scheme (where the average quality of the best M sub-bands are reported) and the Threshold-based scheme (see examples in [3]-[6]).
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Figure 1 Example of CQI-word format for a compressed frequency selective channel quality measure, with reporting of the average quality for the best set of sub-bands.

In this context, the suggested CQI-format in Table 1 is also applicable. Here it would mean that the UE recommends transmission with the MCS pointed to in the CQI table on the set of PRBs in the bit mask. Hence, if the eNode-B transmits with the signaled modulation scheme and TBS*M bits on the M PRBs in the reported best sub-bands, then this corresponds to the highest recommended data rate by the UE, given the BLER constraint of Y%. 
The above examples lead to the conclusion that the suggested reference CQI-format table structure is applicable for both cases with wideband reporting, full reporting of every sub-band, and for cases with compressed CQI schemes where only the average quality of the best sub-bands are being reported. The latter is the case because the content of the CQI format table is normalized per PRB.
4. Extension to MIMO cases

The suggested CQI-format table is also applicable for cases with MIMO and dual stream transmission. As an example, two pointers to the CQI-format in Table 1 can be signaled by the UE to express the recommended MCS for each of the two streams. Alternatively, one pointer could be signaled to express the recommended MCS for the strongest stream, while the supported MCS of the second stream is signaled as an offset (expressed in number of table entries) relative to the first stream. Independent of which of the two mentioned approaches are being adopted, the suggest CQI-format is applicable. 
5. Conclusions

Given the argumentation and examples presented in this study, we recommend that the structure of the CQI reference table in this contribution is being adopted for the further work on standardization of CQI. The exact numerical content of the CQI-format table is left open for further study. We have presented examples to demonstrate that the suggested structure of the CQI table is applicable for cases ranging from single-stream wideband CQI, frequency selective CQI schemes, and MIMO cases with multi-stream transmission.
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