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1. Introduction
To achieve the high spectral efficiency targeted by the E-UTRA requirements document [1], it is necessary to use multiple-input multiple-output (MIMO) techniques. MIMO deployments offer the possibility of transmitting multiple streams concurrently on the same resource block but on different (real / virtual) antennas / antenna groups. This can be used to achieve either spatial division multiple access (SDMA), where different spatial streams are transmitted to different UEs; or spatial division multiplexing (SDM), where all streams are transmitted to the same UE. For both SDMA and SDM, some form of rank and link adaptation is required to determine the number of streams multiplexed and the MCS scheme to be used for each stream, since some links may not be able to support the maximum possible multiplexing. 
In this contribution, we evaluate such a link adaptation strategy, namely the use of codebook-based precoding (CBP) schemes. Here, each UE feeds back a preferred precoding matrix for each rank and the correspondings CQIs on the resultant streams. The codebook of precoding matrices for a given rank is fixed, thus the UE only needs to feed back the index of the precoding matrix in the codebook. 
Section 2 describes the proposed codebook-based scheme in further detail. Section 3 presents simulation results, showing that the codebook-based scheme achieves significant gains in average cell throughput and cell-edge throughput over SIMO deployments. Section 4 summarizes our conclusions. 
2. Codebook-based Precoding Technique
In this section, we describe the design of the precoding codebook and the code selection criterion. With MT transmit antennas, the precoder matrix for rank R transmission has dimension MT X R. The codebook for rank R contains a set of K(R) such matrices. The performance of precoding techniques is determined by the

(i) The codebook elements: The following table lists the codebook structures chosen for ranks 1 and 2. Codebooks of size 16 are presented. In each case, a size-4 codebook can be obtained by using only the first 4 elements (i.e., k = 0, 1, 2, 3} of the given size 16 codebook. The codebook for rank 4 is FFS.
	Number of transmit antennas
	Rank
	Structure of kth codebook element
	Choice of parameters k and k

	2
	1
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	k = /4 * (0.5 + (k mod 4)), 
k = /4 * 
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	k = /8 * (k mod 4), 

k = /4 * 
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TABLE 1: Example of size-16 codebooks
(ii) The code selection criterion, namely the criterion used by the UE to determine the best precoding matrix for a given resource block. For codebooks of rank R, the UE calculates R different CQIs for each MT X R codebook element. These CQI can be calculated by averaging one or more representative tones in each resource block. The R different CQIs are used to obtain expected throughputs. Either the sum or the maximum of the R different throughputs can be used as metric. The index of the precoder matrix with best metric is fed back to the node-B. 

For the results presented in this contribution, the sum throughput was used as code selection criterion. Performance with codebooks of size 4 and 16 will be compared.
We now describe the scheduling strategy for the SDM case, where only one UE is scheduled per resource block. For each UE, the node-B selects the rank that maximizes the sum throughput. (This choice can be made in the UE itself, if it is known that SDM will be used.) Then, for each resource block, the node-B picks the UE that has the best average-referred (proportional-fair) throughput. This UE is scheduled with its best rank and precoding matrix.

3. Simulation Set-up
In this section, we describe the simulation setup used to obtain the results presented later. The spatial channel model [2] was used. Other important simulation parameters are listed in Table 1. 

	PARAMETER
	VALUES

	Number of sectors per cell
	3 sectors, with either one or two 120-degree antennas per sector

	Number of UEs per cell
	45 UEs are uniformly dropped in 9 neighboring sectors. Handover is simulated as follows: Based on path loss, antenna directivity and shadowing, the UEs “nearest” to the current Node B are identified. Only these are assumed to be connected to the current Node B in the current drop.

	Number of UE antennas
	2

	UE Speed
	3 kmph

	Traffic Model
	Full-buffer

	Channel scenario
	1. Urban Macro [3]

2. Urban Micro [3]

	System Bandwidth
	2.5 / 5 MHz

	OFDMA FFT Length
	256 / 512

	Resource Block Bandwidth
	375 kHz (6 / 12 resource blocks in band)

	Modulation Schemes
	QPSK, Rate ¼

QPSK, Rate ½

QPSK, Rate ¾

16-QAM, Rate ½

16-QAM, Rate ¾

64-QAM, Rate 5/8

64-QAM, Rate 3/4



	TTI duration
	0.5 ms (7 OFDM symbols)

	CQI feedback delay
	2 TTIs

	CQI Quantization
	None. Error-free CQI feedback assumed

	Channel Estimation
	Error-free channel estimates assumed

	Scheduling Criterion
	Proportional Fair

	HARQ Feedback Delay
	8 TTIs. Error-free ACK/NACK assumed

	Max Number of HARQ Retransmisssion
	3

	Scheduling
	Single-user MIMO (one user per resource block). Same MCS used for one stream across resource blocks

	Decoder
	LMMSE decoder 


TABLE 1: List of simulation parameters
4. Simulation Results
In this section, we present simulation results to demonstrate that precoding gives significant gains in average and cell-edge throughputs over SIMO deployment. Tables 2 and 3 tabulate the average sector throughput and cell-edge throughput for 
· the reference 1 X 2 deployment, 

· 2 X 2 codebook-based precoding with codebook size 16 (4-bit index)

· 2 X 2 codebook-base precoding with codebook size 4 (2-bit index)
	SCENARIO
	BANDWIDTH (MHZ) / FFT LENGTH
	Average # of Cell UEs
	1 X 2 Average Sector Thruput

(Mbps)
	2 X 2

4-bit Precoder Feedback
	2 X 2

2-bit Precoder Feedback

	
	
	
	
	Thruput (Mbps)
	% gain over LMMSE
	Thruput (Mbps)
	% gain over LMMSE

	URBAN MACRO
	2.5 / 256
	30
	5.0
	6.2
	24.3%
	6.0
	20.9%

	
	
	45
	5.2
	6.5
	23.9%
	6.3
	20.4%

	
	5 / 512
	30
	9.8
	11.9
	21.4%
	11.5
	17.7%

	
	
	45
	10.4
	12.6
	21.5%
	12.3
	18.6%

	URBAN MICRO
	2.5 / 256
	30
	5.5
	6.8
	24.2%
	6.8
	23.0%

	
	
	45
	5.7
	7.2
	26.2%
	7.1
	23.3%

	
	5 / 512
	30
	11.2
	13.6
	21.4%
	13.4
	19.6%

	
	
	45
	11.7
	14.5
	24.2%
	14.2
	21.1%


TABLE 2: Average Sector Throughput
Based on the results tabulated above, it can be seen that

1. Precoding with a size-16 codebook consistently gives around 21-25% gain in average throughput over a 1 X 2 deployment. Even with only 2-bit feedback, gains of 18-23% are obtained.

	SCENARIO
	BANDWIDTH (MHZ) / FFT LENGTH
	Average # of Cell UEs
	1 X 2 Cell-edge (5%) User Thruput

(Kbps)
	2 X 2

4-bit Precoder Feedback
	2 X 2

2-bit Precoder Feedback

	
	
	
	
	Thruput (Kbps)
	% gain over LMMSE
	Thruput (Kbps)
	% gain over LMMSE

	URBAN MACRO
	2.5 / 256
	30
	175.2
	236.5
	35.0%
	20.9
	25%

	
	
	45
	122.6
	175.2
	42.9%
	166.4
	35.7%

	
	5 / 512
	30
	324.1
	455.5
	40.5%
	402.9
	24.3%

	
	
	45
	236.5
	332.8
	40.7%
	289.1
	22.2%

	URBAN MICRO
	2.5 / 256
	30
	236.5
	306.6
	29.6%
	297.8
	25.9%

	
	
	45
	175.2
	227.7
	30.0%
	210.2
	20.0%

	
	5 / 512
	30
	490.5
	613.1
	25.0%
	595.6
	21.4%

	
	
	45
	376.6
	473.0
	25.6%
	429.2
	14.0%


TABLE 3: Cell-Edge Throughput
From Table 3, it can be seen that
1. Precoding with 4-bit feedback gives gains of 25-43% in cell-edge throughput over a 1 X 2 deployment. Even 2-bit feedback suffices to get 15-35% gains.

4.1. Feedback Requirement

As simulated here, the precoder schemes feed back two CQIs for rank two and one for rank one. Assuming 5 bits per CQI, this amounts to 15 bits. In addition, two code indices need to be fed back, amounting to 4 or 8 bits depending on the codebook size. An alternative is for the UE to feed back CQIs and indices only for its best rank. Such a scheme reduces the feedback required, but complicates link adaptation for SDMA. 
5. Conclusions

In this contribution, we presented system level simulation results evaluating the gains of codebook-based precoding. Even with a codebook size of just four elements, precoding offers significant gains in average and cell-edge throughput over both 1 X 2. It is expected that precoding gains would be even greater for the micro-cell scenarios described in [4]. Results for these scenarios will be presented in future contributions.
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