3GPP TSG RAN WG1 Meeting #58














 R1-093324
Shenzhen, China, 24th – 28th August 2009












  

Agenda item:


15.5
Source:
Nokia Siemens Networks, Nokia
Title:
Rank 3 codebook design for LTE-Advanced UL 
Document for:


Discussion / Decision
1.
Introduction
An essential part of single user MIMO is precoding. In respect of SU-MIMO precoding, significant progress was made in 3GPP RAN1 #56bis, #57 and #57bis meetings [1],[2],[3]. Considerable progress was made also on the 4 Tx codebooks. In this contribution, we consider one of remaining open issues on the 4 Tx codebook design, that is, codebook design for rank 3 and provide performance comparison between rank 3 codebooks presented in previous meetings. 
2.  On 4 Tx precoding codebook design for rank 3
Based on previous RAN1 discussions, the main design issues, in addition to actual throughput performance, are codebook size, CM properties, scaling of layers to equalize power over layers, and  interaction between precoding and power control. Several codebook proposals were also considered in a number of RAN1#57bis contributions [5]-[12]. CM preserving (CMP) codebooks were presented in [4], [6], and [10]. CM friendly (CMF) codebooks were considered e.g. in [5] and [6], both with layer scaling equalizing the transmitted power over layers. Hybrid of CMF and CMP codebooks was also considered in [8], [9]. However, it remained unclear how the CM advantage of  CMF/CMP hybrid codebooks can be actually realized in practice. 
One important aspect affecting the detailed codebook design is mapping of antenna ports to the actual antenna elements. In following, we assume that most significant spatial correlations appear between adjacent antenna ports. In the case of ULA,  antenna mapping is straightforward. With cross-polarized antennas, we assume that antenna ports 1 and 2 are mapped to antenna elements with same polarization, and antenna ports 3 and 4 to antenna elements with the other polarization. Same mapping has been used also, e.g., in [7].
In the design of CMP codebooks for rank 3, the unsymmetrical codeword-to-layer mapping on rank 3 needs to be taken into account. In the case it is ignored, transmitted energy per modulation symbol is easily quite different between codewords. Although this can be easily compensated for with codeword specific MCS to reach target BLER, it may nevertheless cause degradation on the  throughput performance. Alternatively, the modulation symbol energy can be maintained rather balanced with codebook design, as it is with Rel’8 codebook as well as in CMF codebooks with layer scaling. In the case of CMP codebooks, equalization of  modulation symbol energy (or in another view, transmit power per layer) cannot be done exactly. However, the imbalance in modulation symbol energy (or in transmit power per layer) is minimized when layer 0 is transmitted from single antenna while layers 1 and 2 use 3 transmit antennas in total. Example of such codebook is given on  Table 1 based on QPSK alphabet and antenna groupings. 
In  RAN1 #56bis, the total size of 4 Tx codebooks was agreed to be 64 or less [1].  The agreed codebook sizes for rank 1, 2, and  rank 4 are 24, 16, and 1, correspondingly [1], [3]. This limits the maximum size of rank 3 codebook to 23. Although the performance comparison is presented for codebooks of size 16, we see that final rank 3 codebook could be of size 22, thus, filling the available codebook signalling space. 
Table 1  Size-16 QPSK based CMP codebook w/ symbol energy balacing
	
[image: image1.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

x

0

0

1

0

0

0

1

0

0

0

1

2

1


	
[image: image2.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

x

0

0

1

0

0

0

0

1

0

1

0

2

1


	
[image: image3.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

0

1

0

0

0

1

0

0

1

0

0

2

1

x


	
[image: image4.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

0

0

1

0

1

0

0

0

1

0

0

2

1

x


	Where
[image: image5.wmf]{

}

j

j

x

-

-

Î

,

1

,

,

1




3.
Performance comparison
3.1 Cubic metric properties

In this section, cubic metric properties for various rank-3 codebook designs are briefly inspected. The considered codebooks are

· CMP codebook, where only 1 layer is mapped to each antenna

· CMF codebook, where 2 layers are mapped to each antenna

· CMF codebook with layer scaling 

· Rel’8 Householder codebook, where all 3 layers are mapped to each antenna.

 CM values are presented in Figure 1. It can be noted that CMP codebooks provide considerably lower CM than all other codebooks, also with higher modulation orders. Additionally, the CM improvement from limiting the number of mapped layers 2 (instead of 3) is rather modest, although further CM improvement is achieved for CMF codebooks with  the layer scaling. 
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Figure 1 Cubic metric values for CMP, CMF w/ and w/o layer scaling, and Rel’8 codebooks.
3.2 Throughput performance 

During RAN1#57, basic setup for the codebook performance evaluation was agreed [2]:

· UE Tx antennas: two cross-polarized antennas separated by lambda/2  

· eNB Rx antennas: two cross-polarized antennas separated by lambda/2 or 4*lambda. In the following, separation of lambda/2 is used.
· Channel model: SCM defined for system level simulation. 
· MMSE receiver
In the following, performance results for this setup are presented. Link level simulations with SCM Urban Macro NLoS were carried out.  Other simulation parameters are tabulated in Table 2 in Appendix. A number of the codebooks presented in previous meeting were simulated, including in addition to the Rel’8 codebook:

· CMP – NSN, size 16 and given in Table 1
· CMP – QC, size 16 and given in [4]

· CMP – TI and CMF-TI, both size 16 and given in [6]

· CMF – Huawei, size 16 and given in [5]. 

Simulations were carried out for both rank 3 alone as well as with dynamic rank adaptation over ranks 1 to 4. Due to the RAN #57bis decisions on rank 1 and rank 2, possibilities for different codebook design combination over ranks has been reduced and, thus, simulations with rank adaptation has become sensible. Codebooks presented in [13] were used for ranks 1 and 2. Throughput comparisons are presented with and without rank adaptation in Figure 2 and Figure 3, respectively. From the simulations with rank adaptation,  rank 3 was noted to be dominating rank within SNR range from 15 dB to 23 dB but also to have a considerable contribution to the overall throughput starting already from 5 dB SNR. This is reflected on the SNR range presented in the throughput figures.
The difference between different codebooks can be noted to be small from the rank 3 throughput comparison in Figure 2. Rel’8 codebook and best performing CMF and CMP codebooks provide essentially the same performance. The best considered CMF codebook provides less than 2% better throughput than the best CMP codebook. With rank adaptation, visible performance differences are restricted further to SNR range where rank 3 is dominating. In other words, performance differences between best performing CMP and CMF codebook designs are insignificant. 
Impact of CM differences on throughput was explored by assuming UE to be in power limited situation, and by reducing SNR value the amount corresponding to the CM increase over 1 dB for each modulation and rank separately. E.g., SNR was reduced 0.8 dB for 16-QAM modulations with CM preserving codebooks. Resulting throughput comparisons are presented with and without rank adaptation in  Figure 4 and Figure 5, respectively.

From Figure 4, order of codebook designs can be noted to be changed. Also the relative performance differences between the codebooks are increased, especially at lower SNR range. The best CMP codebook provides 20% - 4 % throughput gain over Rel’8 codebook while the best CMF codebook provides 10%- 2% throughput gain. Throughput difference between the best CMP and CMF codebooks is 10% - 2% on the benefit of CMP codebook. With rank adaptation, performance differences are diminished and concentrated to rank-3 dominating SNR range as seen from Figure 5.  Nevertheless, the best CMP codebook provides 1% - 3% better throughput than the best CMF codebook, even at low SNR.
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Figure 2 Throughput comparison for transmission rank 3 
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Figure 3 Throughput comparison with dynamic rank adaptation
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Figure 4 Throughput comparison for transmission rank 3 in UE power limited case
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Figure 5 Throughput comparison with dynamic rank adaptation in UE power limited case
6.
Summary
In this contribution, 4 Tx codebook design for  UL SU-MIMO was considered and performance comparison between proposed codebooks was presented. Based on throughput comparison, performance differences between codebook designs are marginal. In such case, we emphasize the distinct difference in CM properties and favour CM preserving codebook design also for rank 3.  
Based on presented discussion and results we propose 4 Tx / rank 3 codebook design to contain following aspects: 

· Non-zero precoding elements from QPSK alphabet

· Preferably size 22 codebook

· CM-preserving codebook
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Appendix

Table 2 Simulation parameters.
[image: image11.emf]Description Settings

Carrier center frequency 2.0 GHz

System bandwidth 10 MHz

Effective bandwidth 9 MHz (50 PRB)

User allocation 720 kHz (4 PRB)

Cyclic prefix Normal CP

Velocity 3 km/h

Channel SCM Urban Macro NLoS channel 

Tx-Rx antenna configuration 4x4

Antenna arrangement

Cross-polarized antenna elements, antenna element seperation 

1/2 lambda both at UE and at eNB, ± 45 degrees

Receiver MMSE

Modulation QPSK, 16-QAM, 64-QAM

Coding Rate

1/10 (QPSK), 1/6 (QPSK), 1/4 (QPSK), 1/3, 1/2, 2/3, 3/4, 5/6, 8/9 

(64 QAM)

HARQ transmission max 4 transmissions

link adaptation fast

rank adaptation disabled / enabled 
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