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1. Introduction
In RAN1 #59b meeting, a way forward on UL rank3 codebook design was agreed with two additions [1].  Detailed information are listed below,
· Adopt a CMP only structure for rank 3 codebook
· The exact design FFS 

Proposed way forward is agreed with the following additions,
· Revisit size of 12 for rank-3 codebook if there is enough reason to change from the former agreement on size of 20
· May revisit if the CMP is appropriate if serious problem is identified
In this contribution, firstly we discuss the codebook size of rank3 precoding. Then we give our proposal for CMP based size-20 and size-12 rank-3 precoding codebook and show the simulation results in different antenna deployments. 
2. Discussion on Rank-3 Precoding Codebook Size
Figure 1, Figure 2 and Figure 3 describe the precoding codebook efficiency [2] of rank-1 codebook, rank-2 codebook and rank-3 codebook, respectively.  
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Figure 1: Rank1 Precoding Codebook Efficiency
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Figure 2: Rank2 Precoding Codebook Efficiency
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Figure 3: Rank3 Precoding Codebook Efficiency
Observations:

· For rank3 precoding codebook, the codebook size decrease from 20 to 12 leads to about 1% throughput performance degradation.
· For rank1 precoding codebook, 
· The codebook size increase from 16 to 24 leads to about 2% throughput performance enhancement.
· The codebook size increase from 16 to 20 leads to about 1% throughput performance enhancement.

· For rank2 precoding codebook,
· The codebook size increase from 16 to 24 leads to about 2% throughput performance enhancement.

· The codebook size increase from 16 to 20 leads to about 1% throughput performance enhancement.

Based on these observations, our proposals are
· Alt1: keep the rank3 precoding codebook size unchanged.
· Alt2: adjust the codebook size of rank1, rank2 and rank3 all together.
3. Discussion on Rank-3 Precoding

3.1. Antenna Element Indexing
Figure 4 depicts the antenna element indexing that behaves cross polarization with four antenna elements. Throughout the contribution, this antenna configuration is utilized for our simulation.  
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Figure 4: Antenna Element Indexing
3.2. CMP-LPU precoding
Rank-3 CM-Preserving precoding matrix can be written as
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where 
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 is the row permutation matrix, x∈{+1, -1, +j, -j}, for QPSK alphabet, and
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 is the power normalization matrix,

and 
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 is the power distribution matrix.
3.3. Codebook CMP
Table 1 and Table 2 give the codebook examples for CMP structure.
Table 1: CMP-LPU Codebook, size-20
	CMP Rank-3 codebook

· Size = 20
· Power distribution matrix
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	Index 4 to 7
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	Index 16 to 19
	
[image: image26.wmf]010

100

001

100

éù

êú

êú

êú

êú

-

ëû


	
[image: image27.wmf]010

100

001

00

j

éù

êú

êú

êú

êú

-

ëû


	
[image: image28.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

0

0

1

0

0

1

1

0

0

0

1

0


	
[image: image29.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

0

0

1

0

0

1

1

0

0

0

1

0




Table 2: CMP-LPU Codebook, size-12
	CMP Rank-3 codebook

· Size = 12
· Power distribution matrix
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	Index 4 to 7
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	Index 8 to 11
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4. Performance Investigation of Precoding Schemes
4.1. Performance investigation for MMSE receiver
Figure 5 shows the throughput performance of CMP codebooks [3, 4] using MMSE receiver for 4Rx antenna deployments.  Figure 6 shows the throughput performance of CMP codebooks using MMSE receiver for 8Rx antenna deployments.
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Figure 5: CMP Codebook Throughput Performance, 4Rx MMSE Receiver
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Figure 6: CMP Codebook Throughput Performance, 8Rx MMSE Receiver
4.2. Performance investigation for SIC receiver
Figure 7 shows the throughput performance of CMP codebooks using SIC receiver for 4Rx antenna deployments.  Figure 8 shows the throughput performance of CMP codebooks using SIC receiver for 8Rx antenna deployments.
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Figure 7: CMP Codebook Throughput Performance, 4Rx SIC Receiver
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Figure 8: CMP Codebook Throughput Performance, 8Rx SIC Receiver
4.3. Observation and Conclusions on Precoding Codebooks
From the simulations results, it’s observed that for different antenna deployments (4x4 and 4x8) using different receivers (MMSE and SIC), the proposed codebooks show almost the same throughput performance.
5. Conclusions
In this contribution, firstly we discuss the codebook size of rank3 precoding. Then we give our proposal for CMP based size-20 and size-12 rank-3 precoding codebook.
For the rank3 precoding codebook size, our proposal is that,
· Alt1: keep the rank3 precoding codebook size unchanged.

· Alt2: adjust the codebook size of rank1, rank2 and rank3 all together.

For the rank3 precoding codebook design, the proposed codebooks show almost the same throughput performance in different antenna deployment using different receivers.  Further investigations are needed to select the exact codebook. 
6. Appendix
6.1. Link Level Simulation
The relevant link level simulation assumptions are listed in Table 3
Table 3: link level simulation assumptions.
	Parameter 
	Explanation/Assumption

	Bandwidth
	5 MHz

	Antennas Configurations
	4x4/4x8

	Receiver Type
	LMMSE/SIC

	Fading model
	SCM

	Spatial channel model
	System-level SCM Urban Macro
XP antennas

	MCS Set
	MCS 0-27

	Coding Scheme
	Turbo Coding

	Allocated RBs
	2

	HARQ scheme
	OFF

	Sampling frequency
	7.68 MHz

	FFT size
	512

	Number of useful sub-carriers
	300

	Number of OFDMA symbols per TTI
	14

	Number of sub-carriers per RB
	12

	Overhead
	2 symbols for DMRS

	Processing delay 
	4 subframe (4ms)

	Channel estimation for demodulation
	Ideal 


Reference

[1] 3GPP TSG RAN1 #59b, “R1 #59bis UL MIMO Chairman Notes_eos”, January 18 - January 22, 2010.
[2] 3GPP TSG RAN1 #59b, R1-100582, Fujitsu, “UL-MIMO Enhancement with Codebook Size Adaptation and Nested Codebook Group”, January 18 - January 22, 2010.
[3] 3GPP TSG RAN1 #59b, R1-093999, TI, “4Tx Rank-3 Codebook for UL SU-MIMO”, October 12 - October 16, 2009.
[4] 3GPP TSG RAN1 #59b, R1-094281, ERICSSON, “Uplink 4 Tx Rank 3 Precoder Codebook”, October 12 - October 16, 2009.











































































































































































































































































































































































 1

_1315550463.unknown

_1327387088.unknown

_1327387092.unknown

_1327387096.unknown

_1327387098.unknown

_1327387099.unknown

_1327387100.unknown

_1327387097.unknown

_1327387094.unknown

_1327387095.unknown

_1327387093.unknown

_1327387090.unknown

_1327387091.unknown

_1327387089.unknown

_1326702020.unknown

_1326702052.unknown

_1326702168.unknown

_1326702029.unknown

_1315551287.unknown

_1326701875.vsd

_1315550516.unknown

_1315394099.unknown

_1315394197.unknown

_1315394245.unknown

_1315394295.unknown

_1315394766.unknown

_1315394311.unknown

_1315394264.unknown

_1315394215.unknown

_1315394145.unknown

_1315394170.unknown

_1315394121.unknown

_1315393969.unknown

_1315394045.unknown

_1315394062.unknown

_1315394022.unknown

_1315393918.unknown

_1315393942.unknown

_1311944644.unknown

