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1. Introduction

RAN1#24 discussed contributions [2]

 REF _Ref1627172 \r \h 
[4] which offered responses to the Liaison Statement [1] from RAN4 to RAN1 concerning the HSDPA UE measurement report content (summarized in [3]). Among other recommendations, the resulting Liaison Statement [5], from RAN1 to RAN4 generated at the conclusion of the discussion contained the following elements:

a) a revised 5-bit Channel Quality Indicator (CQI) was to be formulated from a specific set of parameters (listed in [5]), and

b) that interested companies should further discuss the issues involved in defining the CQI, and should work to progress the issue in a timely fashion.

This contribution describes a revised CQI proposal designed to address the concerns expressed in [2]

 REF _Ref1627172 \r \h 
[4].

2. Revised CQI Proposal Description

The revised CQI proposal is constructed from the following four aspects:

CQI Table – the CQI is based on the 5-bit CQI mapping table listed in Appendix B (Table 1). For each CQI, the table lists an associated turbo-encoder information word size (expressed as Transport Block Size (TBS) plus 24-bit CRC), modulation type and number of HS-PDSCH codes (the instantaneous code rate column is derivable from these parameters and is listed only as a convenience). These parameters describe the reference, single-transmission modulation and coding scheme associated with each CQI value. It is assumed that the reference turbo-codeword comprises all of the systematic bits, plus the parity bits identified by assuming that the number of soft metric locations in the UE is at least equal to the number of unpunctured coded bits before rate matching (i.e. only the 2nd- rate-matching stage is applicable in determining the reference CQI turbo-codeword), using the rate matching parameters s=1, r=0 and in the case of 16 QAM modulation b=0.

PER Metric – the receiver performance metric to which the reported CQI refers is the single-transmission Packet Error Rate (PER) associated with the reference modulation and coding scheme defined by each CQI (where a packet error is defined as the failure of the per-TTI 24-bit CRC applied to the HS-DSCH transport channel bits). A single, fixed value of PER=0.1 is applied to all CQI’s.

Reference Power Offset – the UE derives the CQI based on a received HS-PDSCH power level defined by a power offset  (expressed in dB) with respect to the P/S-CPICH power level observed by the UE. That is, if the received P/S-CPICH power is 
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, the then UE should report the CQI consistent with a total received HS-PDSCH power of 
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 is signaled to the UE on a semi-static basis. The range and resolution of the parameter 
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 is FFS.

CQI Definition – when a UE reports a particular CQI, it is reporting that for the current radio conditions, the UE is able to receive the reported CQI, and lower CQI's, at single-transmission PER no greater than 0.1, given the total received power level on the HS-PDSCH implied by the reference power offset 
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 from the observed received P/S-CPICH power level.

Note that if – for the current radio conditions, and value of 
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 – the UE cannot support the minimum CQI (CQI=1) at PER=0.1, then the UE reports CQI=0 which indicates an “Out of range” (OOR) condition to the Node B. Also, since CQI values 1-26 provide sufficient resolution and range (see below), CQI values 27-31 are reserved. Finally, a UE may not report a CQI that exceeds its nominal capability – that is, a 5-code capable UE cannot report e.g. CQI=23.

3. Discussion

The CQI table was constructed in part using the single-transmission AWGN PER simulation performance data shown in Figure 1 and Figure 2.  Note that the horizontal axis is expressed as the sum of the HS-PDSCH despreader output SNR’s (or “total SNR”), summed over the number of HS-PDSCH codes defined by the CQI table. For example, the simulated SNR at PER=0.1 for CQI=14 (a 5-code CQI) is approximately 10.6dB (Figure 1), which implies that the simulated per-symbol (QPSK) SNR at each HS-PDSCH despreader output was 10.6-10log(5)=3.6dB.

A fixed PER value of 0.1 was selected on the basis that individual CQI PER curves were too “steep” to justify variation in PER (i.e. little additional UE performance data would have resulted), and that signaling that parameter was unnecessary.

Notably, the selected TBS+CRC, modulation type and number of codes comprising each CQI in Table 1 were designed:

a) to provide approximately 1dB resolution in total SNR (assuming an AWGN channel), and maintain a roughly linear relationship in total SNR as a function of CQI. This is shown in Figure 3 which plots the total SNR required to achieve PER=0.1 from Figure 1 and Figure 2, along with the equation 
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 where CQI is expressed in dB.

b) to permit variation in the number of HS-PDSCH physical codes embedded in the CQI table (which now varies from 1-15), as well as modulation type.

4. Conclusions

The proposed revised CQI table and associated PER and HS-PDSCH power offset parameters offer a means of addressing the concerns expressed in [2]

 REF _Ref1627172 \r \h 
[4]. A relatively simple table, applicable to all HSDPA UE capability categories, and using a single PER value and a single power-offset parameter is proposed. The CQI table has been designed to uniformly and linearly quantize the UE SNR observation space, and offers Node-B and UE manufacturers flexibility in respectively implementing the Scheduler and the UE signal processing required to generate the CQI report. Proposed text for inclusion in TS25.214 appears in Appendix A.
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6. Appendix A – Proposed Text for Section 7.1.2 of TS25.214 

[7.1.2] Channel Quality Indicator (CQI) Definition

The CQI is defined in terms of a) a set of 26 reference modulation and coding levels (defined in Table X
) each corresponding to a CQI index, b) one reference single-transmission packet error rate (PER) value of 0.1 to be applied to all CQI definitions, and c) an assumed HS-PDSCH received power level, specified with respect to the received P/S-CPICH power level by using an HS-PDSCH power offset parameter 
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 (dB).

In more detail, when making a report, the UE shall:

a) assume a received HS-PDSCH power level 
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 derived from the observed P/S-CPICH power level 
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 according to 
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b) select, from Table X, the largest CQI index in the range 1-26 at which the UE is able to receive a single transmission at HS-PDSCH power level 
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 with a packet error rate (PER) of 0.1 or less. [For this purpose, a packet error is defined as a bit error in any component bit of the information bit payload defined by the CQI index.],

c) if the UE is able to receive only a transport block size less than that defined for CQI 1 at a PER of 0.1 and a received HS-PDSCH power level of 
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, the UE shall report CQI 0.

(Note that this procedural definition is explanatory only – no specific UE implementation is implied.)

The following notes also apply:

Note 1: CQI indices 27-31 are reserved,

Note 2: a UE may not report a CQI level that is beyond its capability category.

7. Appendix B – CQI Mapping Table

	CQI
	TBS+CRC
	Number of 
Codes
	Modulation
	Code Rate

	0
	N/A
	OOR

	1
	200
	1
	QPSK
	0.21

	2
	260
	1
	QPSK
	0.27

	3
	340
	1
	QPSK
	0.35

	4
	400
	1
	QPSK
	0.42

	5
	480
	1
	QPSK
	0.50

	6
	680
	2
	QPSK
	0.35

	7
	820
	2
	QPSK
	0.43

	8
	960
	2
	QPSK
	0.50

	9
	1290
	3
	QPSK
	0.45

	10
	1520
	3
	QPSK
	0.53

	11
	1780
	3
	QPSK
	0.62

	12
	2300
	4
	QPSK
	0.60

	13
	2610
	4
	QPSK
	0.68

	14
	3330
	5
	QPSK
	0.69

	15
	3590
	5
	16-QAM
	0.37

	16
	4200
	5
	16-QAM
	0.44

	17
	4700
	5
	16-QAM
	0.49

	18
	5300
	5
	16-QAM
	0.55

	19
	5910
	5
	16-QAM
	0.62

	20
	6600
	5
	16-QAM
	0.69

	21
	7200
	5
	16-QAM
	0.75

	22
	9750
	7
	16-QAM
	0.73

	23
	11500
	8
	16-QAM
	0.75

	24
	14400
	10
	16-QAM
	0.75

	25
	17300
	12
	16-QAM
	0.75

	26
	21600
	15
	16-QAM
	0.75

	27
	RSVD
	
	
	

	28
	RSVD
	
	
	

	29
	RSVD
	
	
	

	30
	RSVD
	
	
	

	31
	RSVD
	
	
	


Table 1 - CQI Mapping Table

8. Appendix C – Figures
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� � REF _Ref4377774 \h ��Table 1� below is included as Table X in 25.214.
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