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1. Introduction

This contribution outlines a method for comparing various CQI schemes.  An example of system performance using 4 CQI schemes are presented in this document. The downlink system simulation reference case 1 given in [1] is simulated with full buffer traffic.  Detailed simulation parameters are listed in Annex A.
2. CQI Performance

For comparing CQI performance for various schemes the following need to be considered:

a. System performance degradation compared to full feedback

b. System performance gain compared to wideband feedback

c. Number of bits per UE per sub-frame used for SIMO/MIMO
d. CQI error and delay should be modeled 

e. System loading

f. Number of users scheduled in downlink

g. Optimization of both sector and cell edge throughput

The performance results shown in this contribution assume non-ideal channel estimation, and that the CQI is reported every 2 or 5ms with a 2ms delay. Localized allocation (using frequency selective scheduling) is simulated for SU-MIMO using 4x2 closed loop structure.  System performance is summarized in the following Tables for 10 UE’s per sector.
The following 4 CQI feedback schemes are simulated:

· Full CQI feedback where one CQI value per RB is reported per report interval;
· Bitmap CQI feedback scheme;
· Hybrid CQI feedback scheme;
· Wideband CQI feedback scheme where one CQI value for the whole bandwidth is reported.

The detailed description of the bitmap and hybrid CQI feedback schemes can be found in [3]. Bitmap scheme is simulated with resolution of 2 and 5 RBs. The hybrid scheme is simulated with the hierarchical structure of 3 levels with the number of RBGs for each level equal to [1 5 25] respectively. The overhead (bits per CQI report-interval) is given in Table 1. Report intervals of 2 and 5 ms are simulated. This overhead does not include the PMI feedback which is reported for the whole bandwidth in the simulation. Simulation results with joint CQI and PMI report will be provided in future meetings.
Table 1 Overhead of the simulated CQI feedback schemes.
	Feedback Scheme
	Overhead
Bits/Report-Interval
	Comments

	Bitmap
	17
	Resolution of 2 RBs

	Bitmap
	10
	Resolution of 5 RBs

	Hybrid
	9
	[1 5 25]


3. System Performance of CQI Feedback Schemes

Table 2. Sector and Cell-edge User Throughput for CQI Feedback Schemes.
	Feedback Scheme
	UEs/Sector
	2 ms Report Interval
	5 ms Report Interval

	
	
	Sector t-put
Mbps (gain)
	5%-ile user t-put
Kbps (gain)
	Sector t-put
Mbps (gain)
	5%-ile user t-put
Kbps (gain)

	Wideband
	20
	22.37
	302
	22.35
	307

	Full feedback
	
	26.70 (19%)
	478 (58%)
	26.57 (19%)
	476 (55%)

	Hybrid
	
	24.41 (9%)
	378 (25%)
	23.46 (5%)
	360 (17%)

	Bitmap (2 RBs)
	
	24.31 (9%)
	410 (36%)
	23.22 (4%)
	387 (26%)

	Bitmap (5 RBs)
	
	23.92 (7%)
	395 (31%)
	22.93 (3%)
	358 (17%)

	Wideband
	50
	21.68
	128
	21.65
	127

	Full feedback
	
	26.68 (23%)
	179 (40%)
	26.68 (23%)
	180 (42%)

	Hybrid
	
	23.82 (10%)
	168 (31%)
	23.19 (7%)
	161 (27%)

	Bitmap (2 RBs)
	
	24.24 (12%)
	151 (18%)
	22.98 (6%)
	139 (9%)

	Bitmap (5 RBs)
	
	23.75 (10%)
	148 (16%)
	22.58 (4%)
	136 (7%)


System simulation results are given in Table 2 for different CQI feedback schemes. The gain of FSS depends on the feedback scheme, the feedback interval and the number of UEs per sector. Similar gain is obtained with bitmap and hybrid feedback schemes.
Conclusions

This contribution outlines a method for comparing various CQI schemes.  An example of system performance using 4 CQI schemes is shown.  It is recommended that the CQI schemes should be chosen based on least number of feedback bits without too much degradation in performance relative to feedback where CQI for each RB’s are fed back.
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ANNEX A – System Simulation Assumptions
Table 3 - Macro-cell system simulation baseline parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers @ 2GHz

	Distance-dependent path loss
	L=120.9 + 37.6log10(.R), R in kilometers @ 0.9GHz

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20/10 dB 

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	Spatial Channel Model [3] SCM-C (Urban Macro, high spread [2])

	Total BS TX power (Ptotal)
	43dBm (1.25MHz),  46dBm (10MHz)

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	35 meters

	Number of users for full queue traffic model
	10

	AMC
	ON  (2/3<MCS<4.8) , 16 Levels

	HARQ
	IR with N=6 stop-and-wait HARQ protocol

	OFDM symbols per subframe
	14 (Total)

	Scheduler
	PF (both in time and frequency domain), round-robin

	Link Mapping
	EESM

	HSDPA   BS Transmitter x UE Receiver
	1x2  (UE is Type 1)

	E-UTRA BS Transmitter  x UE Receiver
	1x2, 2x2, and 4x2

2x2/4x2 represents use of  closed-loop MIMO

	Other Cell interference
	Explicitly modeled

	Channel estimation
	Explicitly modeled for Data and Control Channels

	DL Control Channels 
	Explicitly modeled as per [4] with max n=3 (baseline).  Non-baseline cases used n=2.
Control Channels used 1x2 antenna configuration.

2 RS used for CCH channel estimation by occupying Antenna 1,2 locations in OFDM symbols 1 for Data 1x2 case and Antennas 1,2, 3, 4 locations in OFDM symbols 1 and 2 for Data 2x2 case.

	DL Reference Signal Structure
	As per [4]

	Resource Block (RB) size 
	12 sub carrier over 11 symbols

	CQI Bin Bandwidth
	2 RB

	Maximum number of users scheduled per sub-frame
	DL:10 (or 8) for 10 MHz, DL:2 for 1.25 MHz

	Link to system interface
	Refer R1-061626 [5]
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