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1. Introduction
LTE offers the possibility to perform frequency domain scheduling. A crucial component in such a scheduling approach is to provide the scheduler in the NodeB with reasonably accurate knowledge about how the CQI varies over the possible scheduling bandwidth for a certain UE. Supporting frequency-selective CQI is however a challenging task, especially on the PUCCH which offers only on the order of 10 bits per subframe for CQI reporting. At least for the larger bandwidths, this is not sufficient for offering detailed frequency-selective CQI reports with low feedback delay. Such reporting is more appropriate to be carried out on a scheduled resource, i.e., on the PUSCH. Consequently, in RAN1 meeting #50bis, it was decided there will be support for requesting a CQI report on the PUSCH. Support of best-M and all subband kind of reporting on the PUSCH was also agreed. 

This contribution focuses on the content of the frequency-selective CQI reporting mechanisms pertaining to PUCCH and the all subband report on the PUSCH. Multi-antenna aspects are essentially not treated, so the subsequent discussion applies directly only to the cases of single Tx, 2 TX SFBC and 4 Tx SFBC+FSTD transmission in the downlink. 

2. Discussion

2.1. Frequency-Selective CQI Report on PUCCH

The PUCCH is clearly a very narrow bit pipe. A wideband CQI report easily fits within the 10 offered bits. But a sufficiently accurate frequency-selective report is hard to squeeze in on so few bits. An obvious approach is to utilize several subframes for a single report. If such subframe concatenation is performed it is important to avoid error propagation and hence each constituent subframe should be self decodable and useful on its own for the scheduler in the NodeB. This also ensures that the CQI report is instantaneously useful even though it takes several subframes to cover the whole bandwidth. A natural choice is then to report the CQI in a scanning kind of fashion. Hence, a CQI is reported per subband and the subband(s) reported in a subframe is/are varied from one reporting subframe to another until the whole bandwidth has been covered. To support such scanning operation, the NodeB should be able to semi-statically configure the CQI reporting, including the periodicity, a subframe offset and the number of consecutive subframe used, The latter is motivated by the observation that it is better to more seldom quickly obtain a frequency-selective report rather than more often receive only a part of the CQI information.

2.2. Frequency-selective CQI Report on PUSCH

When transmitting CQI on the PUSCH, bigger reports can be afforded. This also makes it possible to include some kind of reliable error detection scheme, e.g. CRC, so that the NodeB can detect when there is an error. Reliable error detection seems particularly important for reporting frequency-selective precoding where the NodeB needs to be sure that the reported precoders are correct in order to avoid having to explicitly signal all the precoders on the PDCCH.

Two different kinds of frequency-selective CQI reports can be transmitted, best-M and an all subband
 approach. These two methods target different scheduling strategies. Best-M is tailored for high load situations with scheduler operation mimicking ideal proportional fair in time and frequency (PFTF) implying there is a high probability that a UE is only scheduled on its best subbands. Exploiting this property allows a high compression ratio. In the all subband approach, the bandwidth is divided into subbands (consisting of in frequency k consecutive RBs) and one CQI per subband can be derived from the report. Thus, the scheduler obtains information about all the subbands, regardless of their quality and hence the efficiency of this kind of report does not rely on a particular scheduler implementation, traffic situation or quality of service constraints. Because this kind of report is supposed to be scheduler agnostic a higher signaling overhead than for the best-M method is well-motivated.

It appears attractive to have an all subband reporting functionality that is similar to the scanning approach on the PUCCH. A major difference is now however that the whole report can be conveyed on a single subframe and that the report offers reliable error detection. Hence, some simple form of differential encoding of the CQIs per subband seems reasonable, in contrast to the PUCCH case where the error propagation problem and the narrow bit pipe speaks in favor of self contained CQI per subband. Perhaps the simples differential compression scheme is to always include a wideband CQI and encode the subband CQI differentially relative the wideband CQI. The wideband CQI basically describes geometry and thus captures the large dynamics of the CQI variations. The difference between the per subband CQI and the wideband CQI describes the fast channel fading effects and thus typically exhibits much smaller dynamics, thereby making it possible to spend fewer bits to encode the difference. This simple scheme offers much commonality with the proposed method on the PUCCH and does not incur additional high computational complexity due to the differential encoding.

2.3. Testability

The scheduler should be able to handle a wide variety of UEs with different largely unknown receiver implementations. In order for the CQI reports to still be useful, it is crucial that the CQI reporting is well defined such that it becomes possible to test its performance. The decision in RAN1 meeting #50bis to let CQI correspond to a recommended transport format instead of SINR reflects that ambition. 

An additional very important benefit of the described all subband approach on the PUSCH and the scanning method on the PUCCH is that they are easy to test since they do not introduce complicated dependencies among the CQIs for the different subbands. Thus, the decided CQI definition basically suffices in combination with some agreed BLER target and a methodology for the CQI measurement ‎[1].

Compared with the all subband scheme, best-M involves the additional step of selecting the best subbands. This needs to be well-defined as well. We therefore propose that the best-M procedure should be defined based on the following procedure:

1. UE computes CQI for each size k subband (i.e. recommended transport format giving a certain BLER level for the subband of interest) over the entire feasible
 bandwidth.

2. The M subbands with the highest CQI are selected.

3. The UE computes the CQI for the selected subbands by recommending a transport format over these subbands.

4. The UE computes a wideband CQI by recommending a transport format for the feasible bandwidth.

As seen, step 1 involves, at leadt conceptually, computing an underlying all subband CQI upon which the subband selection is based. This provides a firm definition of what “best” in best-M means. This step is anyway needed for the all subband reports so there is potential to reduce the implementation cost by sharing functional blocks among the different reporting schemes.
With regards to testability, an additional important point is to keep in mind that the subband sizes and the subband selection in the UE needs to be compatible with the resource block allocation method in the PDCCH. In essence, the NodeB should be able to schedule exactly according to UE recommendation. This facilitates testing and is also beneficial for performance since the NodeB at least has the chance to avoid lossy recalculations of the CQI for the sole purpose to fit it to an incompatible resource block assignment scheme. There is also an alignment issue with precoder frequency granularity, which is currently decided to be in the order of 5 RBs. 

3. Summary and Conclusions

This contribution discussed frequency-selective CQI reporting on the PUCCH and on the PUSCH. Based on the above discussion and motivated by simplicity, testability and performance we summarize our preference for the frequency-selective CQI reporting in the list below, which directly applies to CQI reporting targeted for single Tx, 2 Tx SFBC, and 4 TX SFBC+FSTD kind of downlink transmissions. 

· A subband consists of k consecutive RBs.

· k is preferably 5 but it needs to be aligned with the possible RB allocations in the PDCCH as well as the precoder granularity

· k=4 may be motivated for the purpose of PDCCH alignment

· Frequency-selective CQI on PUCCH:

· 5-bit CQI for a certain subband in each PUCCH subframe

· The particular subband is a function of time, e.g.. the subbands are scanned over time

· Periodicity, subframe offset, as well as number of consecutive subframes to use, is semi-statically configured by NodeB for each UE.

· Frequency-selective requested best-M CQI on PUSCH:

· Subband selection based on an underlying all subband CQI

· 5-bit wideband CQI included

· 3-bit CQI per subband differentially encoded with respect to wideband CQI
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� Also referred to as NodeB configured subbands.


� Feasible refers to the subbands over which the UE may potentially be scheduled, i.e., the set of subbands semi-statically configured by the NodeB.






