3GPP TSG RAN WG1 Meeting #45                                      R1-061312
Shanghai, China, 8-12 May, 2006
Agenda:

11.2.3
Source:  
NEC

Title:     
CQI reporting
Document for: 
Discussion and decision
1. Introduction

 Currently the TR25.814 includes the following options for CQI compression as examples.

· Only feedback information from the top M strongest CQI bands

· Differential feedback information in time or frequency 

· Bitmap techniques indicating which bands reflect a reported CQI value

· Hierarchical Tree structure based approaches

· Using a set of (orthogonal) functions to approximate frequency selective fading profile (e.g. DCT)
 Also, many schemes for CQI reporting have been proposed ([1] – [6]) during the previous RAN1 meetings, although we could not find enough time to discuss in detail of those proposals. Since the completion date of the Study Item is approaching, we have to start considering how to narrow down those options.
 In this document, we explain some possible CQI reporting schemes and also we discuss the criteria for the selection of CQI reporting scheme.
2. CQI reporting schemes
 As is well known at RAN1, CQI reporting overhead could be significant compared to HSDPA case, if network wants to exploit the gain from the frequency domain scheduling. However, uplink radio resource is also limited, especially considering the future multi-direction services, such as gaming, file uploading etc. Hence it is important to compress the CQI information effectively in terms of both the saving of the uplink resource and the good downlink performance. Typical compression schemes are, for example, as follows.
- Bitmap and absolute CQI information

 As proposed in [1], [2], reporting a set of bitmap and absolute CQI information could be one way of the CQI compression. In our understanding, basic motivation of these proposals is that the CQI information for the RBs offering good channel quality should be reported accurately compared to the other RBs. This could be reasonable in the sense that generally the throughput performance is maximized by allocating the RBs offering good channel quality to the UE.
 Although there could be many different implementation using a set of bitmap and absolute CQI information, basically the usage of those information could be as follows.
· Bitmap information: This is used to indicate the RBs which offer better quality than a pre-defined threshold. The pre-determined threshold could be defined as, e.g. a specific CQI value or a relative value to the best measured CQI.
· Absolute CQI: This is used to send CQI information regarding the indicated RBs by the bitmap information. For example,  
· Average quality of the indicated RBs [1]
· Two CQI values: One for the average of the indicated RBs only and the other one for the average of all RBs [2]
· Average of the indicated RBs and the best or worst CQI value among the indicated RBs.
 - Differential signaling

 Differential signaling is also one well-used way to reduce the number of information bits. The differential reporting could be suitable to the CQI reporting scheme, because normally the channel quality in frequency/time domain should have some correlation. The differential signaling can be applied to two dimensions, i.e. time domain and frequency domain.
· Frequency domain
 In [3], it is proposed to report an absolute CQI information for the best RB as a reference and differential CQI information with respect to the best RB (Type A in Fig.1). This is one way of the differential reporting in frequency domain. However, there could be other way to utilize the differential signaling. For example, differential CQI information could indicate a relative value to each neighboring RB (Type B in Fig.1). Further, a reference RB with which an absolute CQI is reported, could be pre-determined in order to reduce the number of information bits.
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Figure.1: Calculation of relative value

· Time domain

 Similar algorithm can be also applied to the time domain. Absolute information could be sent as L1 signaling, but it also could be sent as L2 signaling proposed in [4].
3. Criteria for the selection of CQI reporting scheme

 As we showed in the previous section, there could be various schemes for the CQI reporting. CQI information is used for mainly two purposes, i.e. scheduling and AMC. 
 In the aspect of scheduling performance, it is difficult to choose one best CQI compression scheme, because scheduling algorithm would not be specified in the specification. It could be one way to specify one common scheduling algorithm for the selection of CQI reporting scheme. However, it is a bit tricky to agree on such a single scheduling algorithm even only for the evaluation. Therefore, at least, the clear explanation on a scheduling algorithm should be included, when companies present their evaluation results for CQI compression scheme. 
 In the other aspect, i.e. AMC performance, what is important is to minimize the error between the measured CQI at UE and the corresponding CQI restored at NodeB. It is obvious that there is a trade-off between the number of information bits and the accuracy of the information. Hence, firstly it is necessary to decide a common assumption on the number of information bits which can be used for CQI reporting in one reporting cycle. Also the number of reporting RBs should be common, because the difference of CQI compression ratio between the proposals may be different depending on the number of reporting RBs. 
 As for the criteria for accuracy, an average of the CQI error for the best M CQIs could be used. The reason why to utilize the best M CQIs only is that the RBs corresponding to those CQIs are highly likely to be allocated to the UE. Therefore, the accuracy of those CQIs should be weighted compared to the other CQIs. 
4. Conclusion
 In this document, we have discussed the possible CQI reporting schemes and the common assumptions/criteria for the selection of a scheme. For the efficient comparison and selection, we propose to include the attached description on the common assumption/criteria in the TR25.814.
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7.1.3.1.1.1.1
Channel Quality Indicator

The frequency dimension of OFDM symbols can be organized into an integer number of CQI bands across all carrier bandwidth modes with each CQI band bandwidth corresponding to x (e.g. x=25 or 50) number of consecutive sub-carriers. The granularity of the CQI band bandwidth should be multiples of the minimum resource block bandwidth.  
Channel quality indicator (CQI) feedback from UE which indicates the downlink channel quality can be used at Node B at least for the following purposes:

· Time/frequency selective scheduling.

· Selection of modulation and coding scheme.
· Interference management,
· Transmission power control for physical channels, e.g., physical/L2-control signaling channels.
Various techniques or combinations thereof can be considered for reducing CQI feedback which include (as examples) the following:

· Only feedback information from the top M strongest CQI bands
· Differential feedback information in time or frequency 
· Bitmap techniques indicating which bands reflect a reported CQI value

· Hierarchical Tree structure based approaches

· Using a set of (orthogonal) functions to approximate frequency selective fading profile (e.g. DCT)
 In order to compare and select a CQI compression scheme, accuracy of CQI report should be evaluated given:

- A predefined number of RBs for CQI measurement [N is TBD].

- A maximum number of information bits used for CQI reporting in a reporting cycle [L is TBD].

Accuracy of the CQI report is measured as average of CQI errors for a number of best CQIs [M is TBD]. CQI error is defined as the absolute value of the difference between a measured CQI at UE and the corresponding restored CQI at NodeB.
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