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1. Introduction
In the RAN4 LS to RAN1 [1] RAN4 identified the several aspects which they considered to be important in order to be able to ensure consistent behaviour from system perspective, allowing for development and efficient utilisation of advanced time, frequency, and space domain scheduling algorithms. Furthermore, it was considered to be beneficial to have a CQI reporting method which would allow independent development of terminal receiver performance without the need to adjust definitions and functionalities in the networks. 

Based on the discussion, RAN4 identified the following aspects which were considered to be important in order to be able to achieve this:

· It would be desirable that the CQI definition is created such that an observable test requirement can be made based on what happens if eNB follows CQI recommendation from UE. 

· As the resolution of the PRB is very fine, leading to large range of possible CQI values, it should be possible to determine the CQI report in a manner which keeps the report accurate. For example, as high user multiplexing order is expected to facilitate e.g. frequency domain packet scheduling, the report needs to take into account the performance aspects related to Turbo decoder performance with varying block sizes.

· It would be beneficial if the CQI report definition relates directly to link adaptation parameters for the UE, allowing the CQI report (and the eNB scheduler) to be made in a general receiver independent manner. For example for best-M, the report for each PRB could refer to a certain supported TBS and transmission scheme (e.g. modulation, coding, precoding setting, rank, etc.). 
The CQI measurement is one of the key aspects to LTE system performance. In the studies and discussions presented in RAN1 several different kinds of CQI message formats have been considered. Based on early indications it would seem that it is very difficult to come up with a single generic CQI message format that fits all user and service scenarios. Therefore being able to set requirements for the UE CQI reporting which would ensure consistent behaviour from network perspective would seem important, allowing development and efficient utilisation of advanced scheduling algorithms. Furthermore, determining CQI reporting in a manner which does not set bound to the receiver performance is required and would allow independent introduction of receiver performance enhancement without the need to adjust definitions and functionalities in the networks.  

In the following, we present how commonly discussed CQI schemes can be defined in a way that they meet the requirements for testability and receiver independence. 
2. CQI Schemes with Average Performance Measure
In the studies presented in [2] it is been shown that from a performance versus signalling overhead trade-off, it is attractive to send average performance (e.g. transport block size TBS) for all selected PRBs (actually measuring PRBs; e.g. chunks of 2 times PRB) rather than individual performance for each selected PRB. This is due to inherent UE measuring, estimation inaccuracies and subsequent limited reporting resolution which limit the benefit obtainable from more excessive reporting granularity.  Methods to reduce the signalling overhead have been considered, threshold based [2] and Best-M [3] being the main schemes considered.  Many different variants of these schemes can be considered including partial bandwidth CQI, select-M CQI, etc. As for this discussion, the key CQI characteristic, which is presented in various proposals, is that an average channel quality indication of selected PRBs is sent back to the eNB.
Basic simulation assumption in E-UTRA performance studies has been to have a fixed SINR to receiver performance lookup-table for all eUE in the cell which is not a practical scenario accounting different receiver implementations and generations. In WCDMA/HSDPA specifications, this same problem has been addressed to define a clear testable requirement to the CQI report in the transmission format domain. Hence the UE reports a specific link adaptation setting e.g. including the information about preferred  modulation, transport block size (TBS), and specific amount of physical resources such as multi-codes (additionally precoding information and rank in context of HSDPA MIMO). The report is derived by the UE so that a 10% block error probability would result when recommendation is followed. It would seem attractive to adopt a similar approach in E-UTRAN with the inclusion of the additional aspects that are inherent to OFDMA. 
In E-UTRA, the equivalent to the multi-code is the PRB with the main difference being that individual PRBs in E-UTRA will experience very different channel quality. Further, the data resolution of the PRB is also much finer than the multi-code in WCDMA/HSDPA; e.g. the number of symbols per multi-code per TTI is 480 in WCDMA/HSDPA and the number of symbols per PRB in LTE is 120. Consequently the receiver performance is not as scalable for LTE as for WCDMA/HSDPA since the small block size affects the turbo decoder performance. Finally, there will be no UE limitations in terms of how many PRBs can be supported as all eUEs need to support downlink transmission over the operating bandwidth. Hence, for LTE, the number of PRBs will likely not be reported based only what is most spectrally efficient from a link viewpoint but in a more network configurable manner.  In order to facilitate advanced multiplexing gain from e.g. frequency domain packet scheduling the different CQI reporting schemes outlined earlier have been considered. E.g. for best-M, the network will configure the value of M for each eUE based on e.g. available user multiplexing order. Equivalently, the quality threshold for Threshold CQI will be set from the same considerations but will result in time-varying M for each user.
With these considerations, there are some key differences that needs be considered when specifying the requirements for the CQI message:
1. Compared to WCDMA/HSDPA, we expect that the number of suggested PRBs (e.g. M) will be closer to the actual scheduling decision to take place in the eNB. If there is a large gap, the CQI reporting parameters should be configured to better match the intended number to either improve the spectral efficiency or to save eUE CQI transmission overhead.

2. The resolution of the PRB is very coarse and for small values of M the actual value of M will impact significantly the receiver performance. E.g. just using a reference number of PRBs in estimating the receiver performance will be inaccurate.
Based on the above considerations, we next describe a methodology to verify the eUE CQI reporting in a receiver independent manner (applicable to “average performance” CQI schemes).
1. The eUE selects the best M PRBs from the predefined criterion (e.g. based on quality threshold or reported value). If precoded MIMO is configured, the eUE should use a selection algorithm that encompasses the gain from such methods; e.g. optimal precoding should be assumed for the selected M PRBs (depends on available adaptation flexibility in final specifications).
2. The eUE estimates its supported modulation and coding (and other relevant link setting parameters) assuming that the eNB would schedule the eUE on all the M suggested PRBs with suggested transmission parameters. The estimated link parameters should be based on a specific target link quality, e.g. an average BLEP as in WCDMA/HSDPA. Target BLEP value is ffs but could per default be 10% as in WCDMA HSDPA.
3. The eUE indicates to the network which M PRBs are recommended for transmission as well as all recommended link settings.

To test the quality of the CQI report, an eNB emulator determines the distribution of the reported CQIs and uses this distribution: 
4. To verify the accuracy of the eUE CQI reporting, requirement for the probability mass of reported CQI’s within certain window of the median CQI could be set, in a similar manner as for HSDPA.  Furthermore the average BLEP of the median reported CQI could be verified, as in HSDPA. The M could be set to different values including the full number of available PRB’s in the evaluated RF bandwidth to facilitate the testing in AWGN single-user scenario.
5. To verify that the reported CQI corresponds to the prevailing fading channel conditions, also a similar approach as used in HSDPA could be envisioned. Thus the resulting BLEP when median CQI (and some alternative shifted CQI) is allocated by eNB emulator could be observed. The PRB’s used by eNB emulator should be the same as proposed by the eUE.   Furthermore some additional measures may need to be defined to ensure that UE does not excessively average the observed channel quality preventing channel sensitive scheduling to be used. Reference period for the CQI could be determined similarly as in case HSDPA to allocate time stamp for the reported CQI.
6.  In order to ensure the benefits of frequency domain packet scheduling, some effort should be made to verify that the eUE is able to select the best PRB’s. Details of testing is ffs and some guidance is needed from RAN4.
Note that step 2 outlines the basic difference between the CQI reporting scheme in LTE compared to WCDMA/HSDPA. E.g. this is the part where we take above differences into account. E.g. by using the suggested number of PRBs as reference, the eUE can make a more accurate prediction of its decoder performance (knowing its exact implementation) and thus provide a more accurate prediction to the eNB. By knowing the assumed link parameters, the eNB (or eNB emulator) can more accurately control the link quality.
3. CQI Schemes with PRB-Specific Performance Measures 
While it has been shown in [4] that per PRB channel quality reporting is heavily impaired by inherent eUE measuring issues, this is still the baseline assumption for many studies. Examples of such schemes include the widely discussed best-M individual or DCT methods. 
In the best-M individual method, the channel quality is reported for each PRB (or set of PRBs corresponding to a predefined measuring bandwidth for CQI) such that optimum allocation can be conducted on a per PRB basis (of course highly limited by the practical limitations of per PRB adaptation). An advantage of this case is better flexibility for the time instances when the eNB allocates to the user a different amount of PRBs than what was specified for the CQI measurement (M). It should be noted that since single PRB allocation is a special case, then the per-PRB report will be inaccurate when scaled to a larger number of PRBs if CQI testability needs to be observed (e.g. according to above discussion). This inaccuracy would also map into link adaptation imperfections and thus losses at system level. The notion of “report the TBS you can support if we hypothetically assumed you have 5 PRBs exactly like this one” does not seem very practical but would likely be needed to avoid significant link adaptation errors at the eNB. However, such a fixed reference seems overall to make little sense and thus makes the per-PRB reports even more inaccurate due to the smaller measurement bandwidth, which is on a per PRB level. For such methods, it remains that the CQI report will not be very accurate in terms of decoder performance regardless of what method (e.g. selected number of reference PRBs) is chosen.
4. Conclusions
In this contribution we have continued the discussion related to based on the feedback provided by RAN4 in their LS, and focused to the aspects relevant to the verification of the CQI reporting. As the details related to CQI reporting are still being discussed in RAN1 and RAN2, we have considered approach which would ensure network stability and facilitate the verification of the reported measure. 
In order to ensure that the CQI reporting functionality can be verified and that consistent behaviour achieved certain requirements related to the CQI reporting scheme were observed, and we have found that the preferred CQI reporting scheme should be based on an average performance measure in order to obtain an accurate measurement report. For individual PRB (or e.g. 2 x PRB) reporting, we have identified some problems related to consistency, testability, and accuracy based on the provided RAN4 guidance and aspects related to link adaptation and scheduling.
To observe the proposed requirements from RAN4 as well as ensure consistency for system link adaptation and scheduling, we propose that the following general requirements are adopted when designing the final CQI message format:
1. To ensure independence of receiver performance development of the other specification areas, the report would need to be receiver agnostic. As indicated by RAN4, the report needs to be implementable by the eNB; the report should refer to a certain supported TBS and scheme (e.g. modulation, coding, precoding setting, rank, etc.). SINR should not be used as it depends on receiver implementation and does not provide much value to the network. 
2. An observable test requirement must be made based on what happens if Node-B follows CQI recommendation from UE. We propose to base this on an average BLEP requirement as in WCDMA/HSDPA. We propose that the default BLEP value is 10% to facilitate significant gain of the H-ARQ mechanism while facilitating relatively low overhead for retransmission buffering etc.
3. We propose to avoid the channel quality indication for individual PRBs (or PRB groups). Per-PRB CQI reporting methods have some inherent issues related to receiver performance as the Turbo decoder performance depends significantly on the absolute block size, which is possible to take into account when reporting CQI based on the average performance on the indicated PRBs.With given measuring uncertainties, it has been shown that the gain of such methods is marginal. When further adding the inaccuracies that relate to inconsistent definitions and impact of small block sizes, this gain is expected to become negligible.

4. As the resolution of the PRB is very fine and we expect high user multiplexing order to facilitate e.g. FDPS, we propose to adopt a “reference PRB” concept where eUE indicates the reference link parameters for the proposed/selected “best” PRBs to ensure that the CQI report is accurate and takes into account eUE decoder implementation aspects. 
For CQI methods where an average channel quality indication is given for the recommended set of PRBs, we have shown ways to adhere to above design guidelines. 
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