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1 Introduction

During the email adhoc discussion and the subsequent summary [1] on CQI transmission in the uplink, the question has been raised in how many subframes a CQI report should be transmitted. In this document we show results in sector throughput for two compression schemes and the effect of multi-subframe CQI transmission.
2 Simulation Results
We evaluated the effect of CQI transmission over multiple subframes for a frequency-selective CQI report. The compression scheme we evaluated was Best 7 Individual and DCT Partitioning 7-6-1 [2]. 
The CQI report size is 59 bits for  Best 7 Individual and 57 bits for DCT Partitioning 7-6-1.  We assume that a single CQI report is transmitted within 1 to 4 ms to the eNodeB, so that for the comparison the average bit rate is the same. Figure 1 illustrates the transmission characteristic for two exemplary cases of 1 ms and 4 ms transmission per CQI report: RS from two subframes are averaged, the result being subsequently compressed and transmitted with a delay of 2 ms to the eNodeB with or without subframe concatenation. Remaining detailed simulation assumptions and parameters are given in the Annex.
Figure 2 shows the sector throughput for 3 km/h UEs. For both shown compression schemes, the degradation by going from 1 ms to 4 ms CQI transmission duration is roughly 2.5%. However we expect that for higher velocities the degradation will gradually increase. Therefore our preference is to transmit a single CQI report in just 1 subframe, however if for uplink control channel size reasons this cannot be done, CQI transmission over a few subframes appears to be a viable solution.
We note that the DCT Partition scheme is consistently better than Best-M scheme.
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Figure 1. Averaging and CQI Transmission in 1 ms and 4 ms illustration
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Figure 2. Sector Throughput over CQI Transmission – 30 UEs / Sector, 3 km/h

3 Conclusion
The presented result should be taken into consideration when deciding on the reporting format for CQI with respect to transmission over multiple subframes.
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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 feedback delay
	2 ms

	CQI reporting interval
	5 ms

	CQI report duration
	1..4 ms

	CQI report size
	57 bits (DCT Partition 7-6-1)

59 bits (Best 7 Individual)

	CQI subband size
	360 kHz (24 subcarriers)

	CQI quantisation
	On, 5 bit per SINR or coefficient

	CQI loss
	Off

	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
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