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1 Introduction

This document discusses the details of the dual-stream CQI mapping for Rel-7 FDD MIMO. As working assumptions, the following points have been agreed in [1]:

· Feedback on preferred beam forming vectors and supported data rates is carried on HS-DPCCH only. That means both CQI and PCI (precoding control information) is sent in all HS-DPCCH TTIs during which the UE is supposed to send a report.

· The CQI reporting is based on reporting a mix of “preferred single/dual CQI” reports and “single CQI” reports as described in R1-062996.

· The CQI encoding for “preferred single/dual CQI” reports would follow a new mapping of transport blocksize and number of codes. The CQI will be sent with a new format together with PCI on the HS-DPCCH.

· The CQI encoding for “single CQI” reports would follow the existing Rel-5 mapping of transport blocksize and number of codes using 5 bits. The CQI will be sent with a new format together with PCI on the HS-DPCCH.

A proposal for the coding of the “preferred single/dual CQI” is made in [2]; in this paper we develop the details of that proposal further. 

2 Coding of “preferred single/dual CQI”

In [2], it is proposed to code the “preferred single/dual CQI” in such a way that the CQI has the same granularity as in Release 5 if the preferred CQI is for single-stream, and there are 224 possible CQI combinations if the preferred CQI is for dual-stream. This seems a workable approach. 

For the 224 CQI combinations for dual-CQI, it was proposed in [2] to double the step between each transport block size, resulting in 16 possible values for each of the two streams. Then 32 values would be omitted, as shown by the grey boxes in Figure 1, by eliminating some combinations with a high level of asymmetry between the streams. If the UE were to run into a situation where it would wish to report one of the eliminated combinations, it was proposed to send a report corresponding to a reduced rate on the higher-rate stream, as indicated by the red arrows in Figure 1.
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Figure 1: Proposal from [2] for allocation of 224 dual-CQI combinations

It is possible to make an approximate estimate of the effect of this by taking as an example the CQI mapping table for UE Category 10 from 25.214. As a rough guide, we therefore assume the following transport block sizes for each of the 16 possible CQI values:

	CQI value
	Transport Block Size

	1
	137

	2
	173

	3
	317

	4
	461

	5
	792

	6
	1262

	7
	1742

	8
	2583

	9
	3565

	10
	4664

	11
	5887

	12
	7168

	13
	11418

	14
	17237

	15
	23370

	16
	25558


Again for a rough analysis, if we assume that the UE would wish to report each of the greyed-out combination with equal probability, we can estimate the mean loss of throughput that would result from having to report a different CQI value. 

Thus, if the data rate reported for the higher-rate stream is reduced, as indicated by the red arrows, the mean reduction in transport block size for the occasions when the UE would wish to report a greyed-out combination is quite large, at 9,686 bits. 

In fact, with the set of greyed-out combinations as shown in Figure 1, it is more efficient to report zero rate for the second stream in order to allow the correct rate to be reported for the first stream – in other words, to report only single CQI if the UE would wish to report one of the greyed-out combinations. This results in a mean loss of 332 bits per transport block per occasion when the UE would wish to report a greyed-out combination. 

This is because the effect of reducing the rate of a high-rate stream is much greater than the effect of reducing or switching off a low-rate stream. 

In view of this, a better allocation of the forbidden CQI combinations is shown in Figure 2. 
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Figure 2: Improved allocation of 224 dual-CQI combinations

Basically, the arrangement shown in Figure 2 retains the finest reporting granularity for the high-rate stream, while the granularity becomes coarser for the low-rate stream at the low end of the CQI range. Then, if the UE would wish to report one of the greyed-out combinations, it can simply reduce the rate reported for the low-rate stream, while keeping the desired rate for the high-rate stream. This has the effect of reducing the mean loss per transport block to only 197 bits according to the analysis above – an improvement of 40% compared to switching to single-stream with the arrangement of Figure 1. Clearly the exact numbers would depend on the relative probabilities of wishing to report each combination, but the conclusion should be broadly similar, given the greater effect of reporting a different rate at the high-end of the CQI range than at the low end. 

Note also that the existing CQI tables on which this analysis is based show different numbers of codes for most of the available CQI values, whereas it has been agreed that, for the purpose of CQI reporting, symmetric code allocation should be assumed. Therefore the combinations of transport block size and number of codes should be interpreted as an indication of the preferred code rate and not that the UE assumed asymmetric code allocation when deriving the reported pair of CQI values. 

3 Conclusions

In view of the above observations, we propose that the CQI/PCI coding scheme described in [2] is adopted as a working assumption for the generation of CRs, with the modification shown in Figure 2 above for the selection of the 224 reportable dual-CQI combinations. 
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