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1 Introduction

During the discussion about CQI using PUCCH, it was widely understood that subframes can be concatenated in case that a single CQI report cannot fit in a single subframe (1ms). With this document, we evaluate the throughput for various frequency-selective CQI schemes against full feedback and wideband CQI average.

For discussion of frequency-selective CQI schemes using PUSCH, as well as for a detailed presentation of the DCT Partitioning scheme, refer to [1].

2 Discussion
In this document, we assume that a single CQI message is encoded at the UE and transmitted via – possibly multiple concatenated – PUCCH. Consequently, a large CQI report implies a higher delay than a short CQI report until the information can be used in the scheduler compared to the time when the CQI report has been determined (measured) at the UE. For the comparison of CQI reports using PUCCH, we assume that the occupied resources are identical for the studied schemes. This means in particular:

· The transmission power of a single PUCCH (i.e. in a single subframe) is constant, regardless of the compression scheme employed

· The energy advantage of large reports using multiple subframes is balanced by adjusting the respective feedback interval accordingly, i.e. a large report has a large feedback interval

This is exemplified in Figure 1: After obtaining the CQI from averaging SINR values over 2 subframes, a short CQI report is transmitted within a single subframe, with a feedback interval of two subframes. In case the same should be reported using a CQI report that requires 2 subframes for transmission, the feedback interval is increased to 4 subframes.

Generally, we assume that code rate ½ and QPSK are used for PUCCH transmission. Since the report size depends on the reporting scheme, the code rate is not always exactly 0.5, but some adjustment is made by rate matching. As this changes the resulting energy per information bit, some variability of the CQI error rate between 5% and 10% is assumed. Detailed parameters and values are given in the annex.


[image: image1.wmf]CQI

UE Transmission

CQI

CQI

UE Transmission

CQI

RS

eNodeB Transmission

RS

1 

subframe

2 

subframes

Averaging over 

2 

subframes

Short report

Large report

CQI

CQI


Figure 1. Averaging and CQI Transmission in 1 ms and 2 ms illustration

The simulation results are shown in Figure 2. We can observe the following:

· Full feedback is not useful when transmitted over PUCCH, because the resulting delay is far too large, even for a 3 km/h scenario

· The wideband average report performs poorly compared to frequency-selective reports

· Of the simulated frequency selective CQI report schemes, the 5 dB Threshold scheme performs poorest

· Due to the comparably smaller delay, the Best 5 Average scheme can achieve a higher sector throughput than Best-M Individual and DCT-Greatest-M schemes

· The DCT Partitioning scheme can achieve the highest throughput in the 5-2-1 configuration.
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Figure 2. Sector Throughput for various Compression Schemes – 30 UEs / Sector, 3 km/h, 1%-10% CQI loss 

3 Conclusion
We have shown in this document the performance of frequency-selective CQI reporting using concatenated PUCCH subframes with equal uplink resource usage. The results show that under these conditions many frequency-selective reporting schemes can outperform a wideband average report, with the DCT Partitioning 5-2-1 showing the highest sector throughput. Therefore we conclude the following:

· Frequency-selective jointly encoded CQI reports are feasible for usage with PUCCH concatenation

· DCT Partitioning scheme is a good candidate for CQI compression when using PUCCH concatenation
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Annex

Table 1. Simulation Parameters
	Parameter
	Assumption/Value

	Cellular layout
	Hexagonal grid, 7cell sites, 3 sectors per site, wrapped‑around

	Inter-site distance (ISD)
	500 m

	Distance-dependent path loss
	L = 128.1 + 37.6log10(R), R in kilometres

	Lognormal Shadowing 
	As modelled in UMTS 30.03, B 1.4.1.4

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration loss
	20 dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Subcarrier spacing
	15 kHz

	Allocation granularity
	360 kHz (24 subcarriers)

	Cyclic Prefix overhead
	7.1 % (short CP)

	Sub-frame / TTI duration
	1.0 ms

	Number of OFDM symbols per TTI
	14 (12 for data, 2 for pilots and control)

	Channel model
	Typical Urban (TU)

	UE deployment
	30 UEs per sector (uniform random spatial distribution over cells)

	Minimum distance between UE and BS
	35 m

	Frequency reuse factor
	1

	Hybrid ARQ scheme
	Chase combining

	Hybrid ARQ round trip delay
	6 TTIs (6 ms)

	Max number of hybrid ARQ retransmissions
	8

	Thermal noise density
	-174 dBm/Hz

	Antenna pattern (horizontal)
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	Total BS TX power
	46 dBm 

	BS antenna gain (incl. cable loss)
	14 dBi

	BS transmitter
	1 antenna

	UE speed 
	3 km/h

	UE receiver
	2 antennas

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Channel estimation
	Additive gaussian noise process with SINR-dependent standard deviation, averaging over 2 ms

	CQI report size
	See Table 3

	CQI subband size
	360 kHz (24 subcarriers)

	CQI quantisation
	On, 5 bit per SINR or coefficient

	CQI loss rate
	See Table 3

	Link to system level interface
	EESM

	Traffic type
	Full buffer

	Scheduler
	Time and frequency selective Proportional Fair scheduler


Table 2. MCS Table
	MCS Number
	Modulation Scheme
	Code Rate

	1
	QPSK
	1/16

	2
	QPSK
	1/8

	3
	QPSK
	1/4

	4
	QPSK
	1/3

	5
	QPSK
	1/2

	6
	QPSK
	2/3

	7
	QPSK
	3/4

	8
	16-QAM
	1/2

	9
	16-QAM
	2/3

	10
	16-QAM
	4/5

	11
	64-QAM
	2/3

	12
	64-QAM
	3/4

	13
	64-QAM
	5/6


Table 3. CQI Report Size and Loss Rate
	CQI Scheme
	Size per Report [bits]
	Assumed CQI Loss Rate

	Full Feedback
	125
	1%

	Wideband Average
	5
	5%

	Best 5 Average
	26
	10%

	Best 4 Individual
	39
	9%

	Best 5 Individual
	46
	3%

	Best 7 Individual
	59
	3%

	DCT Greatest 5
	39
	9%

	DCT Greatest 8
	59
	3%

	DCT Partition 5-2-1
	33
	7%

	DCT Partition 5-2-2
	42
	10%

	DCT Partition 5-3-1
	39
	9%

	DCT Partition 5-4-1
	43
	10%

	DCT Partition 6-3-1
	42
	10%

	DCT Partition 7-6-1
	57
	3%

	DCT Partition 8-5-1
	56
	3%

	Threshold 5 dB
	30
	5%
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