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Performance Comparison on the Different Codebook for SU/MU MIMO 

Shanshan Zheng, Hongming Zheng, Feng Zhou, Guangjie Li, Qinghua Li
Intel Corporation
1. Introduction
IEEE802.16m MIMO RG kicked off the discussion of codebook comparison. In this contribution we have compared the performance of 802.16e codebook [1], DFT codebook [2] and transformed 802.16e codebook [3] under the different scenarios. This contribution is also the latest update and complementary for IEEE C80216m-MIMO-08_066 [2].
Issues Covered
· Simulation Scenarios
Three types of correlated antenna at BS are considered here, all of them assume uncorrelated antenna at MS
· Uncorrelated channel : zero correlation
· Lowly correlated channel : 4 lambda antenna spacing with angular spread of 3 degree
· Highly correlated channel : 0.5lambda antenna spacing with angular spread of 3 degree
· Simulation Analysis
· Capacity comparison

· System level simulation results
· SU/MU Schemes
· SU: Codebook based SU precoding 

· MU: MU zero-forcing precoding [4]
· Codebook feedback overhead (bits/sub-band/frame)

· 802.16e: 3bits for 2Tx and 6 bits for 4Tx

· DFT: 3bits for 2Tx and 4 bits for 4Tx

· Transformed 802.16e : 3bits for 2Tx and 4Tx plus periodic transform information [3]
Guidelines for Codebook Design 
· Scenario independent codebook

· Backward compatibility to 802.16e codebook
· Good Performance 

· Low feedback

Highlights of Codebook Performance
· Transformed 802.16e codebook works well in any scenario

2. Capacity Analysis
In this section the capacity of closed-loop SU rate 1 in 4x2 antenna configuration is calculated. We adopted extended Ped-B channel model with 3km/h velocity. One resource unit (RU) is composed of 64 data sub-carriers by 6 symbols. The precoding vector/matrix for one RU is from different codebook. The capacity formula used here is
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Figure 1 shows 802.16e codebook is better than DFT codebook in uncorrelated channel and DFT codebook is better than 802.16e codebook in correlated channel. Transformed 16e codebook can work well in any scenario. Transformed codebook is based on 3 bits or 6 bits 802.16e codebook. Transform information is measured and averaged over the whole band in frequency domain and over 100ms in time domain [3]. 
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Figure 1 Capacity analysis in different scenarios
3. System Level Simulation

[To Be Added]
4. Conclusion 
[To Be Added]
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6. Appendix 
Simulation assumption [5]
	Basic Parameter
	Assumption

	OFDM parameters
	10 MHz (1024 sub-carriers)

	Number of OFDM symbols per sub-frame
	6

	Permutation
	Localized

	Number of total PRU in one sub-frame
	48

	Number of PRU for PMI and CQI calculation and feedback
	4

	Number of PRU for rank calculation and feedback
	4

	CQI, PMI and rank feedback period
	Every 1 frame (5ms)

	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

	MIMO receiver
	Linear Minimum Mean Squared Error (LMMSE)

	Data Channel Estimation
	Perfect data channel estimation.

	Feedback Channel Measurement
	Perfect feedback channel measurement

	Link Mapping
	RBIR

	Scheduling Criterion
	Proportional Fair 

	Users per sector
	10

	Channel Models
	Extended Ped-B

	Mobile Speed
	3 km/h

	Channel Scenario
	1.Uncorrelated channel : zero correlation
2.Lowly Correlated Channel: 4 lambda antenna spacing with angular spread of 3 degree
3.Highly Correlated Channel: 0.5 lambda antenna spacing with angular spread of 3 degree

	Number of Antenna
	2 transmitter, 2 receiver [2Tx, 2Rx]

4 transmitter, 2 receiver [4Tx, 2Rx]

	HARQ
	Synchronized CC with maximum retransmissions of 4

	Network Parameters
	Assumption

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

3 sectors per site

	Distance-dependent path loss
	L=130.19 + 37.6log10(.R), R in kilometers

	Inter site distance
	1.5km

	Shadowing standard deviation
	8 dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Other Cell interference
	8 dominant interferers


7. Proposed Text

11.8.2.1.3 Feedback for SU-MIMO 
In FDD systems and TDD systems, a mobile station may feedback some of the following information in Closed loop SU-MIMO mode: 

• Rank (Wideband or sub-band) 

• Sub-band selection 

• CQI (Wideband or sub-band, per layer) 

• PMI (Wideband or sub-band for serving cell and/or neighboring cell) 

• Doppler estimation 

[To add one more feedback item: 
· Correlation matrix information or its equivalent information, for example, principle subspace and its eigen power, or long term CSI.]
For codebook based precoding, the feedback from a mobile station shall be based on the same codebook as used by base station for transmission.
[To add the text as: 
Codebook design is scenario independent.]
11.8.2.2.3.2 CSI feedback 
Channel state information feedback may be employed for MU-MIMO. Codebook-based feedback is supported in both FDD and TDD. Sounding-based feedback is supported in TDD. 

The unified codebook for SU and MU is employed. 
[To add the following text between line 29 and 30 in page 73: 
Correlation matrix information or its equivalent information, for example, principle subspace and its eigen power, or long term CSI will be supported for the codebook design to improve MU-MIMO performance.]
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