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1. Introduction

Several inputs and discussions were made in RAN2 LTE meetings regarding the CQI feedback issue. In this document we provide a summary that indicates the current status, followed by a proposal for the CQI reporting scheme.
Discussed and fixed issues:

According to Chairman’s summary end of Friday (Cannes, 27th – 30th June 2006) [1]:
· “The CQI report indicates a value … for one resource block or a value averaged over a group of resource blocks.”
· “No CQI report”
· “The CQI reporting is controlled and configured by the eNB for all active UEs”
Open issues:

· Proposal that the UE should indicate a preference for a CQI reporting

· “CQI report indicates a value, which may be an incremental value”
· “Periodical reporting of CQI”
Within this document we would like to discuss the open issues in more detail.
2. Discussion

This chapter provides a description of the problem that arises when the CQI reporting is only controlled and configured by the eNB without any involvement of the UEs. It later indicates solutions to overcome these problems.
Problem:

For an optimized allocation process of radio resources, the feedback of the UE quality report of each UE measurement must provide the radio channel quality with sufficient granularity to eNB.
If a UE is configured to send frequency non-selective feedback only, the eNB can not derive information if and when frequency selective feedback would allow for more efficient frequency selective scheduling.
Status in HSPDA:
In HSDPA the performance gain compared to UMTS (Release 99) is mainly achieved from the key feature “Adaptive Modulation and Coding” (AMC). The feature is based on the CQI feedback by the UE. The feedback is based on the CPICH power and consists of a CQI value, which is a UE suggestion for scheduling regarding number of codes, modulation scheme and code rate.
2.1. Proposal: UE indicated CQI reporting scheme

The possibility of flexible and dynamic resource allocation for the scheduling principle is of highest importance for the overall performance of the OFDM based air interface. Therefore as in HSDPA a feedback reporting is required, which guarantees to adapt as fast as possible to the changing radio conditions. 
Best this can be achieved if the UE makes suggestions for scheduling parameters in LTE according to measurements and experienced conditions, as the following subchapters summarizes.
2.1.1. Channel Conditions

Current channel conditions and the channel quality of the whole used bandwidth are known at UE side more precisely as the eNB can achieve by measurement  reporting. Dynamic behavior of channel conditions is first known at the UE side. So it is possible for the UE to react faster in the CQI reporting as the loop over the eNB to change the CQI feedback reporting scheme can ever reach.

2.1.2. Mobility

UE velocity is known at UE side more precisely as the eNB can achieve by measurement reporting.
Feedback of mobility information depends on the availability of additional feedback signaling that has to be spent to transfer the information from UE to eNB.

2.1.3. Network/Cell Specific Location

UE network/cell specific location can best be estimated by the UE itself, e.g. due to the knowledge of serving cell channel quality and the signal strength received from neighbor cells.
2.1.4. Signaling of the reporting scheme
Predefinition of the uplink capacity for the reporting scheme, i.e. signaling from eNB to UE ( probably additional signaling effort needed for
· Flexibility to adapt to current network conditions (e.g. system load, parameters) and to force the change of the basic reporting scheme (frequency selective/frequency non-selective)
Proposal for the reporting scheme, i.e. signaling from UE to eNB ( delay to react on changing channel conditions as mentioned in chapter 2.1.2.
· Slightly increased amount of feedback data needed to make reliable decisions at eNB with additional signaling and processing delay to recognize channel condition and variation of it
2.1.5. ENB control of the CQI feedback

The eNB control of the CQI feedback is at least given over the eNB controlled and scheduled UL resources for CQI feedback.

· Implicitly defines the achievable granularity of the CQI reports
2.1.6. Overview
Following figure shows an overview of involved parameters and the functional principles in UE and eNB for the CQI feedback topic.
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Figure1: Overview of CQI Feedback
2.2. Proposal: Incremental CQI Reporting Scheme

Requirements:

For an optimized allocation process of radio resources, i.e. the frequency localized scheduling, the feedback of the UE quality report resulting from UE measurement shall provide the radio channel quality with sufficient granularity.
This means to report the number of available physical resource blocks in the shortest time frame with highest accuracy using a minimum of signaling resources.

Proposal:
Incremental feedback methods for the CQI reporting are the most suitable ones to fulfil the requirements regarding:

· Reduced uplink resource usage to signal CQIs of each radio resource block
· Predefined, constant bit rate of feedback channel
· Adjustable grade of granularity

· Performance, e.g. in terms of achievable downlink throughput
· Flexibility to adapt to current network conditions (e.g. load, parameters)
Examples:
An incremental feedback method to achieve channel quality information from the whole bandwidth under regard to use UL resources efficiently was presented in [2] and [3]. 

In reference [3] the possibilities to tune the CQI feedback according the UL resources assigned from eNB and the granularity needed are shown by examples.
3. Summary

The possibility of flexible and dynamic resource allocation for the scheduling principle is of highest importance for the overall performance of the OFDM based air interface.
Discussion points above show that less effort has to be spent on the CQI feedback regarding signaling resources for up-to-date CQI feedback

· if the eNB controls 
· the CQI feedback capacity and

· the feedback type, i.e. frequency selective or frequency non-selective
· and the UE is responsible for
· the CQI feedback content.
Additionally highest efficiency should be achievable with an incremental feedback focusing on efficient usage of UL signaling resources.
4. Proposal
We propose to

· take into account the contents of this document for the discussion of the open issues for CQI reporting

· use the incremental feedback principle for CQI reporting
· let the eNB control the basic CQI feedback scheme (frequency selective/ frequency non-selective, see [3])
· let the eNB control the uplink capacity for the CQI reporting, see [3]
· let the UE decide about the feedback reporting content (refinement scheme and granularity, see [3]) 
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