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Performance Comparison on the Different Codebook for SU/MU MIMO 

Shanshan Zheng, Hongming Zheng, Feng Zhou, Guangjie Li, Qinghua Li,
Senjie Zhang, Minnie Ho, Yang-Seok Choi
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 (a) Capacity analysis in uncorrelated channel
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Figure 1 (b) Capacity analysis in lowly correlated channel
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Figure 1 (c) Capacity analysis in highly correlated channel

3. System Level Simulation

System level results are given in this section and the detailed parameters are listed in Appendix. The maximum stream supported is 2 for 2x2 and 4x2. For closed-loop SU, rank adaptation is used. For MUZF, every user transmits one stream and 2 users are scheduled in one RU for 2x2/4x2.For transformed 802.16e codebook, we also need feedback the quantized transform information; however this information is whole band and periodical feedback, such as 50/100ms [3].

When user calculates CQI for feedback, they won’t know the accurate precoding information from interference cell. There are two assumptions when we do the simulation.
Case A: When user calculates CQI, it is supposed that it knows the channel of center cell and interference cell. The precoding for center cell is chosen from codebook and precoding for interference cell is identity matrix. When detection, it also assumes that the identity matrix is used for interference cell. It’s the case of without dynamic interference considered which is also mentioned in [2], page 5.
Case B: When user calculates CQI, it is supposed that it knows the channel of center cell and interference cell. The precoding for center cell is chosen from codebook and precoding for interference cell is randomly selected from codebook. When detection, the real interference precoding after scheduler is used because wrap-around simulation is used. This result can be seen at [2], page 6.
Case C: User only knows the instantly average sub-band interference power for CQI calculation, and identity matrix for interference cell is used for average power calculation. After scheduler of all cells, the real interference precoding is used for detection because wrap-around simulation is used.

All of these three cases are considered CQI feedback delay of 5ms.

Figure 2 shows the results under assumption of case A where the results are exactly corresponding to the capacity analysis. They are all under the assumption that the interference will not change dynamic. However it can’t reflect the practical situation. In real condition, the interference will change according to the difference of the selected precoding vector/matrix except that the precoding matrix is full rank or unitary matrix.
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Figure 2 System level simulation of SE comparison on closed-loop SU under Case A assumption
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Figure 3 System level simulation of SE comparison on closed-loop SU under Case C assumption
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Figure 4 System level simulation of SE comparison on MUZF under Case C assumption
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Figure 5 System level simulation of User throughput CDF on MUZF under Case C assumption

Case C is more practical, Figure 3, 4 and 5 are shown under this assumption. We can have the following conclusions:
· Closed-loop SU: 802.16e codebook is better than DFT codebook in uncorrelated and lowly correlated channel but has some loss in highly correlated channel. Transformed codebook works well in any scenario. Transformed codebook has about 5% gain in highly correlated channel and a little gain in uncorrelated and lowly correlated channel.
· MU zero-forcing precoding: 802.16e codebook is better than DFT codebook in uncorrelated channel. DFT codebook is better than 802.16e codebook in correlated channel. Transformed codebook works well in any scenario. Transformed codebook has promising gain in highly correlated channel, similar performance to DFT codebook and 802.16e codebook in lowly correlated channel and uncorrelated channel, respectively.
The detailed comparison of performance is shown in Table 1 and 2.
Table 1 Codebook Comparison for SUCL under Case C assumption
	Antenna
	SUCL

Codebook Gain (%)
	Uncorrelated 
Channel

(Zero 
correlation)
	Lowly Correlated Channel

(4Lambda 3degree)
	Highly Correlated Channel

(0.5Lambda 3degree)

	[2Tx 2Rx]

(bits/sub-band/user/frame)
	802.16e (3)
	0
	0
	0

	
	DFT (3)
	-1.34
	-0.65
	4.91

	
	3bits 16e Transform (3.05*)
	0.17
	0.49
	5.07

	[4Tx 2Rx]

(bits/sub-band/user/frame)
	802.16e (6)
	0
	0
	0

	
	DFT (4)
	-3.42
	-1.44
	3.45

	
	3bits 16e Transform (3.23*)
	-7.29
	0.29
	3.86

	
	6bits 16e Transform (6.23*)
	0.74
	2.45
	4.55


*: Every 50ms, we feedback transform information and the 12 sub-bands share the same information [3]

For Tx2 : 3 + (4+1*2)/10/12 = 3.05; For Tx4 : 3 or 6+ (4*6+1*4)/10/12 = 3.23 or 6.23

Table 2 Codebook Comparison for MUZF under Case C assumption

	Antenna
	MUZF

Codebook Gain (%)
	Uncorrelated 
Channel

(Zero correlation)
	Lowly Correlated Channel

(4Lambda 3degree)
	Highly Correlated Channel

(0.5Lambda 3degree)

	[2Tx 2Rx]

(bits/sub-band/user/frame)
	802.16e (3)
	0
	0
	0

	
	DFT (3)
	-0.32
	5.42
	23.08

	
	3bits 16e Transform (3.05)
	0.16
	6.48
	30.47

	[4Tx 2Rx]

(bits/sub-band/user/frame)
	802.16e (6)
	0
	0
	0

	
	DFT (4)
	-4.56
	7.39
	25.32

	
	3bits 16e Transform (3.23)
	-7.55
	6.23
	41.30

	
	6bits 16e Transform (6.23)
	2.52
	12.61
	47.01


4. Conclusion 
In this contribution, the performance of 802.16e, DFT and transformed 16e codebook are compared. Both capacity analysis and system level simulation results show that transformed 16e codebook works well for all scenarios and delivers better performance than 802.16e codebook and DFT codebook.
5. Proposed Text

11.8.2.1.2 Closed-loop SU-MIMO 

11.8.2.1.2.1 Precoding technique 
In FDD and TDD systems, unitary codebook based precoding are supported.  
[To add the following text after line 36 in page 71: 
A 802.16e-based codebook is supported.]

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 between line 14 and 16 in page 72:
 • Long-term CSI (such as correlation matrix). ]

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 following text between line 17 and 19 in page 72: 
Differential feedback is supported.]

11.8.2.2.1 Precoding technique 

The precoding for MU-MIMO can be either standardized or vendor-specific. Up to four MSs can be assigned to each resource allocation.
[Changed into the following text between line 33 and 34 in page 72:
The precoding for MU-MIMO can be either standardized or vendor-specific. For the standardized technique, a .16e-based codebook method is supported. Up to four MSs can be assigned to each resource allocation. ]

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. 
[Changed into the following text between line 27 and 29 in page 73:
11.8.2.2.3.2 CSI and PMI feedback 

Channel state information feedback may be employed for MU-MIMO. Codebook-based feedback is supported in both FDD and TDD. Long-term CSI (such as correlation matrix) feedback is supported. Differential feedback is supported. Sounding-based feedback is supported in TDD. ]
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7. 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.

	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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