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Codebook proposal and performance evaluation
Shaohua Li
Nokia Siemens networks
1. Introduction
In 802.16m MIMO DG, the detail of base codebook for 4 Tx has not been decided. In the contribution, we propose one base codebook design. Simulation results with the proposed codebook and other proposals are provided. 
2. Base codebook proposal
In [1], in order to optimize the codebook both for uncorrelated channel and correlated channel, we propose a new codebook. The proposed codebook is a mixture codebook of 16e codebook and DFT codebook [1], which achieve very good performance in correlated channel, and it also achieve pretty good performance in uncorrelated channel compare with 16e codebook. In this contribution, we provide system level simulation to justify the advantage of this codebook. 
For comparison, we also provide system level simulation for other candidate codebooks [2]-[5], which are listed in Table 1. 
Table 1: Candidate codebooks
	Reference
	Author
	Label used in figures

	806.16e
	802.16e
	6bits_16e

	C80216m-09_0056
	Guangjie Li
	6bits_09/0056

	C80216m-09_0279
	David Mazzarese
	6bits_09/0279

	C80216m-09_0106r1
	Yang Tang
	6bits_09/0106


3. Performance evaluation
In this section, system level result is provided for codebook evaluation. The simulation assumption and parameters are listed in Appendix A. In the system level simulation, both uncorrelated channel and correlated channel are evaluated for CL SU MIMO and CL MU MIMO.
In Figure 1, performance for SU MIMO with uncorrelated channel is given. From Figure 1, we can see that our codebook is better than 16e codebook in this case. Our codebook shows better performance than Huawei and sumsung’s codebook. Figure 2 shows the performance of SU MIMO with correlated channel. From Figure 2, our codebook achieves the best performance. Our codebook has more than 3% gains over 16e codebook.
In Figure 3 and Figure 4, performance for MU MIMO with uncorrelated channel and correlated channel is given. In uncorrelated channel, we have very small performance degradation, but with correlated channel, we achieve at least 3% performance gain over intel’s codebook. Compared with sumsung and Huawei’s codewook, our codebook has 1% performance gain.
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Figure 1: Performance of rank-1 SU MIMO with uncorrelated channel
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Figure 2: Performance of rank-1 SU MIMO with correlated channel
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Figure 3: Performance of ZF MU MIMO with uncorrelated channel
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Figure 4: Performance of ZF MU MIMO with correlated channel
4. Summary
In this contribution, the new base codebook performance is evaluated. In most cases, the proposed codebook achieves the best overall performance in scenarios with correlated channel and uncorrelated channels. 
[1]. IEEE C802.16m-08/1156, ” Codebook design for one stream IEEE 802.16m MIMO Schemes”
[2]. IEEE 802.16e-2005, “IEEE Standard for Local and Metropolitan Area Networks - Part 16: Air Interface for Fixed and Mobile Broadband Wireless Access Systems,” Feb. 28, 2006.
[3] C80216m-09/0056r2, Performance evaluation of codebook based precoding.
[4] C80216m-08/0279, Proposed Text of MIMO Sections for the IEEE 802.16m Amendment.
[5] C802.16m-08/0106r1, Proposal for 6bit codebooks for 4 transmit antennas.
Appendix A: Simulation conditions

Table 2: Assumption
	Assumption
	Notes

	Number of Antennas
	4 transmitter, 2 receiver [4Tx, 2Rx]

	Antenna configuration
	ULA: 0.5 lambda; 

	MIMO Scheme
	1. Closed-loop single user with dynamic rank adaptation
2. Zero-forcing multiple user MIMO
Schedule from 1 to 2 users dynamically based on the same rank-1 PMI feedback. No SU/MU mode adaptation.



	Channel correlation Scenario
	1. Uncorrelated Channel : Zero Correlation 

2. High correlated channel: 0.5 lambda antenna spacing, angular spread of 3 degree

	Antenna Calibration
	Ideal antenna calibration (mandatory)


Table 3: Parameters
	Parameter
	Assumption

	OFDM parameters
	10 MHz 

	Permutation
	Localized

	Scheduling Unit
	Whole band 

	Link Adaptation
	QPSK 1/2 with repetition 1/2/4/6, QPSK 3/4, 16QAM 1/2, 16QAM 3/4, 64QAM 1/2, 64QAM 2/3, 64QAM 3/4, 64QAM 5/6

	HARQ
	Chase combining, non-adaptive, synchronous. HARQ with maximum 4 retransmissions, ACK/NACK delay, no error on ACK/NACK.

	Scheduling
	No control overhead

	MIMO receiver
	Linear Minimum Mean Squared Error (LMMSE)

	Data Channel Estimation
	Perfect data channel estimation

	Feedback Channel Measurement
	Perfect feedback channel measurement

	Cellular Layout
	Hexagonal grid, 19 cell sites, wrap-around, 

3 sectors per site

	Shadowing standard deviation
	8 dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Users per sector
	10 (SU MIMO) and 20 (MU MIMO)

	Scheduling Criterion
	Proportional Fair (PF for all the scheduled users)
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