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1. Introduction

This contribution presents a simulation result for HSDPA performance that includes the influence of quantization noise on C/I feedback from UE. The quantization noise is included in addition of 1-dB variance on C/I measurements.  C/I feedback is used at Node-B to determine MCS and priority for allocating HS-PDSCH resource so that inaccuracy in C/I measurements due to quantization is expected to contribute to some performance degradation.  The intension of this document is to determine satisfactory number of bits needed for C/I feedback, and to show that slow rate C/I feedback scheme performs very well even with the use of quantized C/I.  It is shown that quantization of C/I into 4 bits for explicit C/I is sufficient.

2. Simulation

2.1. Simulation assumptions

Key simulation parameters are provided below for convenience.  Detailed parameters are given in the Annex.  

· HS-DSCH TTI = 3-slot (2-msec)

· HS-PDSCH SF=32

· H-ARQ

-Conventional Chase Combine, N-SAW=5

-Max H-ARQ re-transmission = 8 (MCS is reset after reaching max-retrans)

· Explicit C/I reporting rate: every 2msec (Fast feedback) or 160msec (slow feedback)
· Mobility: 3km/h
· Max C/I scheduler with code multiplexing among multiple UEs
· C/I measurement error=1-dB deviation + Quantization Noise + 4-TTI delay
· TPC error=4%
· Quantization method: Linear with dynamic range of 25dB
2.2. Simulation results

2.2.1 Explicit C/I reporting rate = 2msec

In this case, TPC is used to compensate for feedback delay only (~4-TTI).  3 cases are evaluated for comparison purpose:

1. Base-line performance: C/I information is reported every 2msec without quantization.  TPC information is not used.

2. Ideal performance: C/I information is reported every 2msec without quantization.  TPC is used to compensate for C/I reporting delay.

3. Quantized performance: C/I information is reported every 2msec with N-bit quantization.  TPC is used to compensate for C/I reporting delay. N=5,4,3 are evaluated

Figure 1 shows the simulation result.  For quantization with 5 or 4-bit, degradation due to quantization is negligible.  It must be noted that even for 3-bit allocation, it maintains a gain over base-line scheme where no TPC is utilized for DL quality estimation.
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Figure 1 Influence of C/I quantization: Fast C/I reporting (per 2msec)

2.2.2 Explicit C/I reporting rate = 160msec

In this case, C/I feedback is made infrequently (once every 160msec) so that TPC is used to compensate for large amount of delay.  4 cases are evaluated for comparison purpose:

1. Base-line performance: C/I information is reported every 2msec without quantization.  TPC information is not used.

2. Ideal performance: C/I information is reported every 160msec without quantization.  TPC is used to compensate for C/I reporting delay.

3. Quantized performance: C/I information is reported every 160msec with N-bit quantization.  TPC is used to compensate for C/I reporting delay. N=5,4,3 are evaluated

4. Reference performance: C/I information is reported every 160msec without quantization.  TPC is NOT used to compensate for C/I reporting delay.

Figure 2 shows the simulation result.  The degradation due to quantization is more evident although adequate performance can still be achieved using 4-bit quantization.  Note that with 3-bit quantization, the performance degrades to beyond base-line performance.  Optimization of quantization scheme through a use of non-linear quantization may be able to suppress the amount of degradation.  It is also worthwhile mentioning that under round-robin scheduler, degradation seen due to quantization may be smaller since C/I information is used only for MCS selection and not for resource allocation procedure.
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Figure 2 Influence of C/I quantization: Slow C/I reporting (per 160msec)

3. Summary

Influence of quantization of C/I feedback report on HSDPA system throughput was investigated.  It was shown that 16-level quantization (4-bit allocation) gives sufficient performance for both fast and slow C/I reporting rate scheme.  With the CDM approach of UL HSDPA control channel, even with an addition of redundancy bits for error check/correction, it is believed that there is a room for transmission of this information TDM together with H-ARQ signaling.  It is therefore recommended that 4-bit of information be allocated for UL signaling for HSDPA. 

Annex: Simulation Assumptions

Table 1 Modulations and Coding Parameters
	Parameter
	

	Transport CH
	Number of TrCH
	1

	
	HS-DSCH TTI (TUI)
	3-slot

	
	Transport Block Size
	15-byte

	
	CRC Attachment
	Per TTI--16-bit

	AMCS
	Mode
	Modulation
	Coding Rate
	Num TrBlk

	
	MCS1
	QPSK
	R=1/4
	1

	
	MCS2
	QPSK
	R=1/2
	2

	
	MCS3
	QPSK
	R=3/4
	3

	
	MCS5
	16QAM
	R=1/2
	4

	
	MCS6
	16QAM
	R=3/4
	6

	
	MCS7
	64QAM
	R=3/4
	9


Table 2 System Simulation Parameters

	Parameter
	Explanation/Assumption
	Comments

	Cellular layout
	19-cell, 3-sector/cell with (3-tier)
	Statistics from center cell ONLY

	Site to Site distance
	2800 m
	

	Propagation model
	L = 128.1 + 37.6 Log10R
	R in kilometers

	Tx-diversity
	2-Tx antenna, STTD
	

	CPICH power
	-10 dB
	

	Other channels
	- 7 dB
	

	Power allocated to HS-DSCH
	Max. 70 % of total cell power
	

	Number of Code allocated to HS-DSCH
	Max. 20
	SF=32

	Slow fading
	As modelled in UMTS 30.03, B 1.4.1.4
	

	Std. deviation of slow fading
	8 dB
	

	Correlation between sectors
	1.0
	

	Correlation between sites
	0.5
	

	Correlation distance of slow fading
	50 m
	

	Carrier frequency
	2000 MHz
	

	BS antenna gain
	14 dB
	

	UE antenna gain
	0 dBi
	

	UE noise figure
	9 dB
	

	MCS Selection
	DSCH SIR + TPC gain
	Unless otherwise specified

	DSCH SIR Feedback Delay
	4 TTI = (4*3*Tslot)
	Plus amount of decimation

	TPC delay for use in scheduler
	2-slot
	4% error rate included

	Max. # of retransmissions with same MCS
	8
	Restart MCS after 8-retrans.

	Fast HARQ scheme
	Chase combining
	N=5

	BS total Tx power
	Up to 44 dBm
	

	Active set size
	1
	DPCH SHO not considered

	Fast Cell Selection
	Disabled
	

	UE Mobility
	3km/h
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