3GPP TSG RAN WG1 Meeting #62

R1-104327
Madrid, Spain, 23rd - 27th August, 2010

Source:
CATT 

Title:
Performance evaluation of multi-granularity codebooks for 4Tx
Agenda Item:
6.3.3
Document for:
Discussion and Decision

1. Introduction

In RAN1 #61 meeting, the following way forward on Rel-10 feedback was agreed [1]:

· To improve MU-MIMO performance, feedback accuracy for 4Tx in Rel-10 should be enhanced by the framework defined in R1-101683 over Rel-8, provided that a sufficient performance advantage under realistic scenarios is achieved over currently Rel-8 feedback at least for MU-MIMO. 
· Otherwise, Rel-8 feedback is used. 

· Strive to use the same Rel-10 feedback principles for an enhanced 4Tx design and the new 8Tx antenna design. 

Inspired by the agreement, several possible enhancements to 4Tx system were proposed, such as adaptive codebook [2] and differential codebook [3] [4]. The principle of adaptive codebook is to fix a baseline codebook, such as Rel-8 4Tx codebook, and then let the actual codebook be a transformed version of this baseline codebook. The transformation matrix is usually determined by long term spatial channel correlation matrix R over the whole frequency band. The differential codebook exploits the time/frequency correlation of the channel to enable successive refinement of the quantization. This approach is used in the frequency domain preferably, in order to avoid possible error propagation.
In [5], an effective dual-codebook feedback framework named as EGOB (enhanced grid of beam) structure was proposed. By qualitative analysis, the proposed structure is proved to be a promising candidate for Rel-10 8Tx codebook design. In this contribution, the proposed EGOB structure is extended to 4Tx system. New multi-granularity codebooks are designed to improve the feedback accuracy. Evaluation results of system level simulation based on the updated simulation assumptions [6] are given in this contribution. The results show that the proposed scheme can provide significant performance improvement over Rel-8 feedback for MU-MIMO.
2. Multi-granularity codebooks for 4Tx DL MIMO
The overall precoder of rank r for 4Tx DL MIMO is constructed as
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where, the overall precoder W is an NT × r unitary precoding matrix,
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, and v is an NT/2 × 1 DFT vector aiming to describe the principal channel direction,
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, and M is an NT × r unitary matrix, containing the refined information of channel properties, such as the channel properties between two ULA groups. 
As discussed in [5], closely spaced DP (dual-polarized) antenna array can be considered as two groups of ULA (uniform linear array). Each ULA generates high correlated channels, while the channels between these two groups are of low correlation. Furthermore, the principal channel direction is stable over both time and frequency domains, and thus W1 can be reported with coarse frequency and/or time granularity to reduce the feedback overhead. 
Vector v belongs to codebook CB_1 and M belongs to codebook CB_2. CB_1 is composed of DFT based precoders, which are shown in Table 1, and codebook CB_2 is presented in Table 2, where
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Table 1: Codebook CB_1
	Index
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Table 2: Codebook CB_2 (proposal 1)
	Index
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To improve the performance of MU-MIMO under ULA antenna configuration, one feasible method is to further increase the spatial resolution from 8 beams in Rel-8 into 16 beams, therefore, we increase the size of codebook CB_2 in proposal 1 from 2 bits to 3 bits. Since rank 1 transmission is mostly prevalent under ULA antenna configuration, therefore, we only increase the size of CB_2 for rank 1, and the CB_2 for rank 2 is not changed. The new codebook CB_2 (proposal 2) is presented in Table 3, where
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Table3: Codebook CB_2 (proposal 2)
	Index
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3. Performance evaluation

In this section, the proposed schemes are compared with other proposals. Performances of various schemes are given for MU-MIMO via system level simulation based on the agreed simulation assumptions. The following schemes are evaluated:
· CATT-1(proposal 1)
· CATT-2(proposal 2)
· Rel-8 codebook
· Differential codebook [3], 2-bit for W2
· Differential codebook [8], 3-bit for W2
· Adaptive codebook [2]

Taking bandwidth of 10MHz as an example, there are 9 subbands. In Rel-8, a subband PMI needs 4 bits to feed back, therefore, 4×9=36 bits are required. In CATT’s and differential codebook schemes, the overhead of wideband PMI-1 is 4 bits, and that of a subband PMI-2 is 2 bits or 3 bits, in total 4+2×9=22 bits or 4+3×9=31 bits are needed. As the feedback periodicity of long term spatial correlation matrix R is rather long (200ms in the simulation), adaptive codebook scheme can be considered to have the same overhead as Rel-8’s. Total overhead of PMI feedback of each scheme and the saving in percentile relative to Rel-8 are shown in Table 4.

Table 4: The overhead of feedback

	Codebook
	Feedback overhead(bits)
	Saving

	Rel-8
	4×9=36
	0%

	Differential
2-bit W2
	4+2×9=22
	39%

	Differential
3-bit W2
	4+3×9=31
	14%

	Adaptive
	4×9=36
	0%

	CATT-1
	4+2×9=22
	39%

	CATT-2
	4+3×9=31
	14%


System level performance of MU-MIMO transmission using different codebooks is provided with 4 transmitting and 2 receiving antennae. Single layer transmission is assumed and maximum 2 UEs are co-scheduled on the same time/frequency resource. CQI used in UE pairing and MCS selection is calculated according to the algorithm presented in [7]. Zero-forcing based MU-MIMO at the eNB side and MMSE receiver at UE sides are adopted. For each subband, a subband PMI and subband CQI reporting is assumed. Other simulation parameters and assumptions are listed in the appendix. 
In RAN1 #61bis meeting, it was agreed to take 4-tx widely-spaced cross-polarized antenna configuration into account for the MU-MIMO feedback enhancement evaluation [9], so in this section we also provide system simulation results on the performance of MU-MIMO in widely spaced dual cross-polarized configuration with 4λ antenna spacing.
Table 5: Performance of MU-MIMO under DP antenna configuration (XX->+, 0.5λ antenna spacing)

	Codebook
	Cell average SE (bits/s/Hz)
	Gain
	5% Cell edge SE (bits/s/Hz)
	Gain

	Rel-8
	2.0772
	0%
	0.0639
	0%

	Differential
2-bit W2
	2.1206
	2.1%
	0.0639
	0%

	Differential
3-bit W2
	2.1740
	4.7%
	0.0664
	3.8%

	Adaptive
	2.2837
	9.9%
	0.0657
	2.8%

	CATT-1
	2.2985
	10.7%
	0.0677
	5.9%

	CATT-2
	2.3383
	12.6%
	0.0686
	7.3%


Table 6: Performance of MU-MIMO under ULA antenna configuration (||||->||, 0.5λ antenna spacing)

	Codebook
	Cell average SE (bits/s/Hz)
	Gain
	5% Cell edge SE (bits/s/Hz)
	Gain

	Rel-8
	2.8028
	0%
	0.0995
	0%

	Differential
2-bit W2
	3.0541
	9%
	0.1048
	5.3%

	Differential
3-bit W2
	3.0616
	9.2%
	0.1066
	7.1%

	Adaptive
	3.0200
	7.7%
	0.1016
	2.1%

	CATT-1
	2.7958
	0%
	0.0994
	0%

	CATT-2
	2.9784
	6.3%
	0.1057
	6.2%


Table 7: Performance of MU-MIMO under DP antenna configuration (X__X->+, 4λ antenna spacing)

	Codebook
	Cell average SE (bits/s/Hz)
	Gain
	5% Cell edge SE (bits/s/Hz)
	Gain

	Rel-8
	1.8462
	0%
	0.0558
	0%

	Differential
2-bit W2
	1.8104
	-2%
	0.0563
	0.9%

	Differential
3-bit W2
	1.8451
	0%
	0.0575
	2.9%

	Adaptive
	1.8289
	-1%
	0.0536
	-4%

	CATT-1
	1.8736
	1.5%
	0.0569
	2%

	CATT-2
	1.8922
	2.5%
	0.0569
	2%


Table 5-Table 7 give the simulation results of MU-MIMO for these schemes under different configurations and settings. From Table 5, it can be seen that under DP antenna configuration with 0.5λ antenna spacing, both adaptive codebook and CATT’s schemes can provide significant gains over Rel-8, while CATT’s schemes save about 39% or 14% feedback overhead. Although differential codebooks have the same overhead with CATT’s schemes, it provides marginal gains over Rel-8. From Table 6, we can find that the scheme of CATT-2 can achieve similar performance gains comparing with differential codebook and adaptive codebook under ULA antenna configuration. In widely spaced dual cross-polarized configuration with 4λ antenna spacing, all enhancements provide almost no gains over Rel-8 as shown in Table 7.
Though adaptive codebook can provide performance gains over Rel-8 for both closely-spaced DP and ULA configurations, this scheme doesn’t possess the property of constant modulus, which makes UE PMI selection more complex and power amplifier imbalance at eNB side. Furthermore, optimal quantization of covariance matrix is impractical because it depends on transmit and receive antenna configurations as well as the surroundings. Also designing this quantization properly would require a lot of standardization effort. On the contrary, CATT-2 which achieves the similar performance gains keeps as many as properties of Rel-8 codebook, therefore, additional troubles for R4 testing, hardware infection and standardization efforts are minimized.
From the simulation results, we also find that differential codebooks have prominent performance for MU transmission under closely-spaced ULA configuration, while its performance gain over Rel-8 is inconspicuous under DP antenna configuration. That is because its W1 codebook is Rel-8 codebook for 4Tx, which is optimized for closely-spaced ULA configuration (the first 8 precoders) as well as low correlation configuration (the last 8 precoders), and its 2-bit W2 codebook is also optimized for closely-spaced ULA configuration. Though the last 4 precoder in its 3-bit W2 codebook is added to enhance performance in dual-polarized channels, its spatial resolution is not increased comparing with Rel-8 for DP configuration, therefore, its performance improvement for MU-MIMO over Rel-8 is not significant. While the spatial resolution of CATT-2 increases from 8 beams in Rel-8 into 16 beams, noticeable performance improvement can be achieved by CATT-2 under both ULA and DP configurations.
4. Conclusions
In this contribution, multi-granularity codebooks are designed for 4Tx downlink MIMO based on the dual-codebook feedback framework proposed in [5]. Performance evaluation is done for MU-MIMO via system level simulation based on the agreed simulation assumptions. Simulation results show that the proposed codebook, especially proposal 2 provides significant performance for MU-MIMO under both DP and ULA antenna configurations, and needs lower overhead than Rel-8 codebook. 
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6. Appendix
Table 8 System level simulation assumptions
	Parameter
	Assumption

	Cellular layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Inter-site distance
	500m

	Load
	10 UE per sector

	Bandwidth
	10MHz

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers, I=128.1 for 2GHz

	Channel model
	SCM urban macro low spread for 3GPP case 1

	UE speeds of interest
	3km/h

	Antenna polarization
	4 Tx at eNodeB with 0.5 lambda spacing
Cross-polarized: +/- 45 degrees
2Rx at UE with 0.5 lambda spacing

Cross-polarized: +90/0 degrees

	
	4 Tx at eNodeB with 0.5 lambda spacing
Co-polarized: Vertically polarized antennas
2Rx at UE with 0.5 lambda spacing

Co-polarized: Vertically polarized antennas

	
	4 Tx at eNodeB with 4 lambda spacing
Cross-polarized: +/- 45 degrees
2Rx at UE with 0.5 lambda spacing

Cross-polarized: +90/0 degrees

	
	ideal antenna calibration
3D antenna pattern

	Scheduler
	Proportional Fair

	Receiver
	MMSE

	Precoding granularity
	All-band for PMI-1, 6RBs for PMI-2

	Feedback period
	10ms(PMI-1 and PMI-2)

	Channel estimation
	Ideal

	Overhead
	3 OSs DL control/ 2 CRS ports/ 12 REs DM-RS per PRB
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