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1. Introduction

This contribution presents comparative performance for different codebook designs in a 4x2 precoded EUTRA MIMO Downlink system. The performance measures include Grassmann distances and system throughput performance. . All the codebooks conform to an earlier way forward proposal [1]. In particular all the codebooks are designed with the goals of 
· Maximizing throughput performance

· Minimizing the computational complexity due to codebook search
· Consists of 16 unitary precoding matrices for each rank corresponding to a 4 Tx antenna system
In particular, 3 codebooks are used for the simulations – TI Malta design is from [2], the Nokia design is described in Table 4 and Table 5 and the Motorola design is described in [7], but for convenience is also given in  Table 6 and Table 7. All the codebooks satisfy 
· A nested structure meaning lower rank codewords are a subset of the higher rank codewords for simplicity of storage and computation
· All the elements are chosen from an alphabet of [±1, ±i, (±1±i)/√2] to dramatically reduce the codebook-search complexity
· A Householder method may be employed for construction [2] that enables further simplification in computation
2. Comparison of Distance properties
This section compares the Grassmann distance properties of different codebooks. Specifically, chordal distance is used as the distance metric defined as d(A,B) = ||AAH-BBH||F /√2 for rank-1,2,3 and d(A,B) = ||A-B||F for rank-4 codewords.
Table 1 Distance properties of codebooks

	
	Rank-1 
	Rank-2
	Rank-3
	Rank-4
	Comments*

	TI Malta
	0.5210
	0.5412
	0.6124
	1.7321
	AS, ULA

	Nokia
	0.7571
	1.0
	0.7071
	2.0
	AS,ULA

	Motorola
	0.8660**
	1.0
	0.8660**
	2.0
	FA


*AS (Antenna Selection)– includes antenna selection capability, ULA – includes all the 8 vectors for ULA beamforming, FA (Finite Alphabet) – all the elements of the codebooks are chosen from [±1, ±i] and not from [±1, ±i, (±1±i)/√2]. 
** The theoretical bound for this is 0.8944.
The Nokia and the Motorola codebooks have improved distance properties compared to the TI Malta codebook. Compared with the other codebooks, the Motorola codebook is designed such that

· All the antenna elements transmit with equal power (consequently antenna selection capability is not included)
.  This codebook provides a choice of 16 rank-4 matrices as compared to 13 in the others without compromising the distance performance.
· All the elements are chosen from a reduced alphabet of [±1, ±i] further simplifying computations
3. Comparison of System Throughput Results

Table 2 and Table 3 summarize the relative system throughput performance of the codebooks mentioned above. The baseline throughput is computed for an open-loop system and the other results are mentioned as a ratio compared to it. Non-ideal channel estimation is assumed, and the average CQI per RB is reported every 5ms with a 2ms delay.  Localized allocation (using frequency selective scheduling) is simulated for MIMO using a 4x2 closed loop structure. The simulation parameters are listed in Table 8.
Table 2 System throughput performance with 1 PMI feedback for WideBand*
	
	Avg. UE throughput
	Avg. sector  throughput
	Avg. 5%-tile UE throughput

	Open-loop
	1.0 (1.51Mbps)
	1.0(15.152Mbps)
	1.0(406Kbps)

	TI Malta
	1.19
	1.19
	1.11

	Nokia
	1.22
	1.22
	1.13

	Motorola
	1.24
	1.24
	1.06


* Numbers in brackets are the actual throughput numbers
Table 3 System throughput performance with 1 PMI per RB

	
	avg. UE throughput
	avg. sector  throughput
	avg. 5%-tile UE throughput

	Open-loop
	1.0
	1.0
	1.0

	TI Malta
	1.31
	1.31
	1.07

	Nokia
	1.34
	1.34
	1.10

	Motorola
	1.35
	1.35
	1.10


4. Conclusions

· The Nokia and the Motorola codebooks have improved distance properties compared to the TI Malta codebook. 

· The Nokia and the Motorola codebooks show better performance compared to the TI Malta codebook in terms of system throughput performance. 
· The Motorola codebook guarantees equal-gain transmission over different transmit antennas and ensures better distance properties compared to the Nokia codebook. In terms of system throughput, the Motorola codebook achieves slightly better performance compared to the Nokia codebook for most cases.
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6. Appendix

Table 4.
Base vector elements used for Householder transformation for Nokia codebook

	
	1st element
	2nd element
	1st element
	1st element
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Table 5.
Rank 1-4 Codebook Details for the Nokia Codebook

	Codebook index
	Base vector
	Columns for Rank 1
	Columns for Rank 2
	Columns for Rank 3
	Columns for Rank 4
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Table 6.
Base vector elements used for Householder transformation for Motorola codebook [7]
	
	1st element
	2nd

 element
	1st element
	1st element
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Table 7.
Rank 1-4 Codebook Details for the Motorola codebook
	Codebook index
	Householder matrix #
	Columns for Rank 1
	Columns for Rank 2
	Columns for Rank 3
	Columns for Rank 4

	1
	0
	1
	1,4
	1,4,2
	1,4,2,3

	2
	1
	1
	1,4
	1,4,3
	1,4,3,2

	3
	2
	1
	1,4
	1,4,3
	1,4,3,2

	4
	3
	1
	1,4
	1,4,3
	1,4,3,2

	5
	4
	1
	1,3
	1,3,2
	1,3,2,4

	6
	5
	1
	1,3
	1,3,4
	1,3,4,2

	7
	6
	1
	1,4
	1,4,3
	1,4,3,2

	8
	7
	1
	1,4
	1,4,3
	1,4,3,2

	9
	8
	1
	1,4
	1,4,3
	1,4,3,2

	10
	9
	1
	1,3
	1,3,4
	1,3,4,2

	11
	10
	1
	1,2
	1,2,3
	1,2,3,4

	12
	11
	1
	1,4
	1,4,3
	1,4,3,2

	13
	12
	1
	1,3
	1,3,2
	1,3,2,4

	14
	13
	1
	1,2
	1,2,4
	1,2,4,3

	15
	14
	1
	1,3
	1,3,4
	1,3,4,2

	16
	15
	1
	1,2
	1,2,3
	1,2,3,4


Table 8 Simulation Parameters

	Parameters
	Values

	Carrier Frequency
	2.0GHz

	ISD
	500 meters

	Bandwidth
	10MHz

	Traffic
	Full buffer

	Speed
	3kmph

	#BS Transmitter  x #UE Receiver
	4x2

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

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

	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 dB 

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	Spatial Channel Model [4] SCM-C (Urban Macro, high spread 0)

	Total BS TX power (Ptotal)
	46dBm

	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

	Other Cell interference
	Explicitly modeled

	Channel estimation
	Explicitly modeled for Data and Control Channels

	DL Control Channels 
	Explicitly modeled as per [5] 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 Antennas 1, 2, 3, 4 locations in OFDM symbols 1 and 2 for Data 2x2 case.

	DL Reference Signal Structure
	As per [5]

	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

	Link to system interface
	Refer R1-061626 [6]






























































































































































































































































� The inclusion of antenna selection may create a PA power imbalance on the different transmit antenna branches because one antenna may be selected more times across the band than the others, or the same antenna may be selected on a wideband basis.  The impact of the resulting PA imbalance and cost issue is FFS.
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