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1 Introduction

Even though there has not been discussion on the CQI feedback in the main session in the recent RAN WG1 meetings, there have been a number of contributions dealing with the issue. These were dealing with compression of the CQI report as well as with the format and control of the CQI message, partly including MIMO aspects.

In the present contribution we discuss how to control the transmission of the CQI message itself, as well as the content depending on various aspects of the deployment and scenarios. From the discussion we derive conclusions and propose a way forward for further discussion to progress the issue.

2 CQI Transmission

In order to be able to schedule data for transmission over the radio interface as soon as the data is in the transmission buffer of the eNodeB, any additional delay or latency should be avoided as far as possible. CQI transmission based on a trigger transmitted by the eNodeB introduces a delay of at least the round-trip-time. On the other hand, a trigger-based CQI transmission deals quite efficiently with the uplink resources, as these are occupied only when a CQI feedback is actually requested by the eNodeB. A periodic-based CQI feedback however may not only be useful for scheduling and adaptive modulation and coding, but may also serve as a good means to check or change semi-static parameters such as MIMO mode or transmission mode (localised / distributed).

Therefore at least a periodic CQI feedback report by the UE to the eNodeB is necessary. The detailed parameters, particularly the feedback interval, should be configurable by the eNodeB. An approach given in [1], introducing a kind of “time-to-live” for the periodic feedback, may be considered as an additional feature.

As for trigger-based CQI feedback reports, we can further classify these into explicit and implicit triggered reports:

· An explicit trigger is a message from eNodeB to UE that explicitly requests a CQI report at a given time (e.g. as soon as possible)

· An implicit trigger is a message from eNodeB to UE that requests a CQI report based on certain conditions or condition changes at a time that cannot be set or predicted by the eNodeB (e.g. when UE is transmitting a NACK, when channel conditions change)

In our opinion, it may be further investigated whether the additional possibility of an explicit trigger-based CQI feedback report should be included in the standard. This may be particularly relevant if the periodic feedback interval is rather large. It should be noted that an explicit trigger-based CQI feedback report may be seen as a periodic CQI feedback report with a feedback interval of infinity. 

We think that the inclusion of an implicit trigger-based (or event-driven, see [1]) CQI feedback report should be studied with great care, as it may impose constraints on the system. In our understanding such an implicit trigger-based CQI report evokes an autonomous CQI transmission by a UE, requiring either a contention-based CQI report or a contention-based request for resources to transmit a non-contention-based CQI report.

3 CQI Feedback Content

Depending on several circumstances, the feedback that is required from a UE contains different elements. Generally the UE should be able to report at least the following kind information as part of the CQI Feedback:

· CQI Values (e.g. subgroup SINR, DCT coefficients, relative changes)

· CQI Index (e.g. bitmap for subgroups that are reported, reported DCT coefficient indices)

· Precoding Matrix Index

· Rank Indicator

Not all these items are required from every UE, and the level of detail for these items may be variable depending on e.g. a UE’s location. 

In order to reduce the number of combinations and to simplify, we identify three CQI Message Types A, B,  and C, from which the eNodeB may choose. If future discussion in RAN1 requires additional message types, these may be added accordingly.

3.1 CQI Feedback Message Type A

This type is preferably reported by UEs in following conditions:

· Distributed mode transmission

· Non-MIMO transmission mode

The CQI message will contain:

· CQI Value Field, representing a frequency-averaged SINR

3.2 CQI Feedback Message Type B

This type is preferably reported by UEs in following conditions:

· Localised mode transmission

· DL Non-MIMO transmission mode

The CQI message will contain:

· CQI Index Field, to signal indices of subgroups or DCT coefficients for which a value is reported

· CQI Value Field, representing one SINR or DCT coefficient value per signalled index

3.3 CQI Feedback Message Type C

This type is preferably reported by UEs in following conditions:

· DL MIMO transmission mode

The CQI message will contain:

· CQI Index Field, to signal indices of subgroups or DCT coefficients for which a value is reported

· CQI Value Field, representing one SINR or DCT coefficient value per signalled index

· Precoding Matrix Index (PMI) Field, representing for each signalled subgroup the index into the precoding matrix

· Rank Indicator (RI) Field, one value per UE

For SU-MIMO, we assume one CQI Index Field and one CQI Value field for each codeword, respectively the corresponding layers. It is open whether for a 2+2 case the CQI will be reported as two full CQI or one full CQI and one relative CQI [2].

4 CQI Content Control

Since the eNodeB should be in full control of the CQI feedback message, it has to transmit the feedback message type mode that is to be used by a UE. However within a feedback message type, we assume that eNodeB is additionally in control of the following parameters:

· CQI Feedback Interval

· Physical Resource Block (PRB) Granularity

· CQI Frequency Domain Compression Scheme (e.g. compression type, number of reported subgroups or DCT coefficients)

It is FFS how dynamic these parameters should be configurable and whether they should be cell-based or UE-based. The values of these parameters may depend on issues such as:

· Cell load (i.e. number of UEs reporting CQI)

· Cell transmission bandwidth

· CQI feedback message type

4.1 Feedback Interval

The feedback interval for the CQI message can be mainly used to control the uplink control overhead. When the available uplink resources have to be shared among many UEs, the eNodeB should be able to assign larger feedback intervals in order to reduce the required uplink data rate per UE.

Additionally, it should be obvious that for UEs with slowly varying channel conditions in time domain, the feedback interval can be quite large. UEs scheduled in distributed mode also do not require very frequent channel feedback, as it can be assumed that the shadow fading is changing slowly.

We are also considering that not all elements of the CQI report require the same feedback interval. For example, the RI may be transmitted at a larger interval than the PMI and CQI Values. Details of that analysis are given in [3].

4.2 PRB Granularity

Depending on the scenario, only an average value over many PRB may be required (i.e. granularity is extremely coarse), or the feedback may be obtained and transmitted as fine as per physical resource block. This may also depend on other issues, such as MIMO mode or radio channel properties (i.e. selectivity).

Our understanding is that for each subgroup, one CQI value is obtained. The resulting array of subgroups and respective CQI values is then subject to CQI Frequency Compression Scheme(s), if any.

In recent discussion in RAN WG1 documents [4][5][6][7], a subgroup size (i.e. granularity) of 2 PRB has been predominant. Other values considered were 5, 10, or 50 PRB [5]. It should be noted that these values are being discussed mainly having a 10 MHz bandwidth scenario in mind.

According to our assessment, for small transmission bandwidth cells a granularity of 1 PRB may also be worth considering. In a 1.25 MHz cell (simulation case 4 parameters), where the frequency band consists of only ~6 PRB, we have found by simplified simulations that a granularity of 1 PRB may achieve a sector throughput benefit of roughly 4‑7% against a granularity of 2 PRB.

Consequently the PRB granularity may be chosen from a preferably small number of candidates. Whether the granularity for the CQI value should be identical or not to the granularity of the PMI for CQI Feedback Message Type C is FFS.

4.3 CQI Frequency Domain Compression

It has been identified in various previous contributions to RAN WG1 that, depending on parameters such as UE velocity and number of UEs, different frequency domain compression schemes provide the highest sector throughput when nearly identical uplink overhead for the CQI feedback message is assumed [8][9][10][11]. This is true even when considering only a single cell bandwidth (e.g. 10 MHz) and a single radio channel model (e.g. the TU6 channel).

In order to reduce the complexity, in the hardware as well as in the control signalling, we prefer to keep the number of such compression schemes rather small. If simulations show that a given scheme offers a good robustness against varying conditions, i.e. small variations, while at the same time achieving high sector throughput rates, such scheme or schemes should be preferred when ultimately narrowing down the various candidates. In our opinion, the DCT partitioning scheme [4] is such a scheme offering robustness and good throughput, as well as flexibility by allowing a reconfiguration of the controlling parameter(s) as required.

5 Conclusion

We have discussed several aspects of the CQI report, how it is composed and how it may be controlled, in the previous sections. Based on this discussion our conclusion and a proposed way forward is as follows:

· The CQI report is generally controlled by the eNodeB.

· Baseline is periodic CQI reporting.

· Trigger-based CQI reporting, in addition to periodic CQI reporting, is FFS.

· Few different CQI message types are defined to accommodate the most important different scenarios.

· Detailed parameters such as feedback interval and PRB granularity are variable. A reduced number of possible values is highly desirable. Exact values are FFS.

· The compression of the CQI report in frequency domain should offer sufficient flexibility and robustness against varying scenario parameters. Whether this means that depending on the scenario different schemes or different compression parameters are usable is FFS.
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