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1. Introduction

In RAN1 #57bis meeting, we had a noticeable progress on uplink rank-1 and rank-2 codebook [1]. However, rank-3 codebook is still open without any design guideline although long discussion was taken. The main candidates for rank-3 codebook can be categorized as follows:

· CMP only (Layer Power Unbalanced: LPU)

· CMP only (Layer Power Balanced: LPB)

· CMF only (LPB)

· Mixture of CMP (LPU) and CMF (LPB)
In order to have progress on rank 3 codebook, it is agreed that following points need to be studied for all candidate codebooks:
· The impact on RS and related channel estimation/compensation performance

· Impact on CM

· Throughput

· Coverage

Therefore, in this contribution, we investigate further on all rank 3 codebook candidates including proposed rank-3 mixture codebook. In addition, channel estimation impact according to codebook structures is also studied with link level simulation.

______________________________________________________________________
2. Properties all candidates 
· CMP only (LPU) [4]

For UL transmission, UE may experience power limited situation, thus it is necessary to design a codebook which can keep a low CM value. To preserve CM, single layer only needs to be transmitted in each antenna port even for higher rank transmission which implies that multiple layers should not be mixed in all antenna ports. Therefore, even though the precoding performance is not fully optimized due to limited precoding design freedom, the full CMP codebook is beneficial under power limited situation. Table 1 shows a rank 3 CMP (LPU) structure. 
Table 1. CMP (LPU) structure
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CM-preserving precoding is composed by ‘0’, ‘1' and ‘one complex value’. When row permutation of CM-preserving matrix is considered, six types of matrix are generated as shown in Table 1. If QPSK alphabet is employed for the sake of implementation complexity, possible candidate matrices can be totally 24 matrices.

The power imbalance ratio between physical antenna port and virtual antenna port (layer) depends on the number of non-zero elements in precoding matrix. So CMP (LPU) allows uniform power distribution for all physical antenna ports, whereas the power ratios across layers are different. In this case, performance degradation can be expected due to unbalanced channel estimation between layers and lower MCS selection because of it.

· CMP only (LPB) [7]

In [7], CMP (LPB) has been proposed to balance each layer’s power while keeping CM property. Equation below shows a rank 3 CMP (LPB) structure. 
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One column with two non-zero elements is scaled down by 
[image: image18.wmf]2
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 and CM-preserving matrix is scaled by 
[image: image19.wmf]13

. As a consequence, three layers can be transmitted by equal power level while keeping total transmission power. However, two physical antenna ports have to consume doubled transmit power than the other physical antenna ports causing physical antenna power imbalance. Due to antenna power imbalance, full power transmission is not allowed in power limited situation. Note that main benefit of CMP codebook is to allow higher power transmission under power limited situation. Therefore, CMP (LPB) seems to be not appropriate for power limited situation.
· CMF only (LPB) [3]-[6]
Assuming rank-3 transmission is mainly used for higher geometry UEs, non-power limited situation could be the typical case. If a UE is not power limited, precoding performance could be more important rather than CM property. Therefore, CMF (LPB) has been proposed in [3]-[6] which can provide higher precoding gain as compared with CMP (LPU) while keeping lower CM compared to HH in Rel-8. Table 3 shows a rank 3 CMF (LPB) structure.
Table 3. CMP (LPB) structure
	
[image: image20.wmf]1

2


[image: image21.wmf]110

0

01

0

aa

b

cd

éù

êú

-

êú

êú

êú

ëû


[image: image22.wmf]L

´


	
[image: image23.wmf]1

2


[image: image24.wmf]110

01

0

0

b

aa

cd

éù

êú

êú

êú

-

êú

ëû


[image: image25.wmf]L

´


	
[image: image26.wmf]1

2


[image: image27.wmf]110

01

0

0

b

cd

aa

éù

êú

êú

êú

êú

-

ëû


[image: image28.wmf]L

´



	
[image: image29.wmf]{

}

1300

,,,1,,0230

0023

abcdj

éù

êú

Î±±L=

êú

êú

êú

ëû




CM-friendly precoding is composed by ‘0’, ‘1’ and ‘complex values’. When antenna grouping is considered, total of three kinds of matrix set are generated by CM-friendly matrix as seen in Table 3. 
[image: image30.wmf]L

is layer power scaling factor. For layer power balancing, one column without zero element is scaled by 
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 and two columns with two non-zero elements are scaled by 
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. For physical antenna transmit power normalization, CM-preserving matrix is scaled by 
[image: image33.wmf]12

.

In [3]-[6], it was mentioned that transmit power normalization of each layer has an advantage of throughput enhancement. Furthermore, when layer power balancing is considered for CM-friendly precoding, CM value can be further reduced [4]. Also, both physical antenna and logical antenna transmit power balancing can be ensured. Therefore, layer power balancing is necessary to employ for CM-friendly precoding,
UL DMRS in Rel-8 designed to have constant amplitude in frequency domain. When precoded DMRS is adopted for UL MIMO, amplitude characteristic of DMRS can be changed. In CMP precoding case, precoded DMRS keep constant amplitude because one layer is transmitted in single antenna port. On the other hands, in CMF precoding case, frequency domain amplitude of precoded DMRS is fluctuated due to multi-layer transmission in single antenna port. Thus, it was discussed in the previous meeting that the frequency domain fluctuation characteristic should be studied whether it degrades the channel estimation performance. From our observation in the section 4, it is not seen that the channel estimation performance degradation from the channel fluctuation at the transmitter. 

· Mixture of CMP (LPU) and CMF (LPB) [2]
Higher geometry UE may suffer power limited situation occasionally due to power sharing between PUSCH and PUCCH transmission. Therefore, it seems that CMP (LPU) structure for rank-3 seems to be necessary for better support of power limited situation. However, this should not harm precoding performance of a UE not suffering power limitation. Therefore, the mixture of CMP (LPU) and CMF (LPB) seems to be appropriate as far as CMF (LPB) structure provides performance gain.
______________________________________________________________________
3. Rank 3 codebook proposal
· Alphabet
Any computational complexity reduction in the eNB will be reduce the total complexity by a factor of number UEs that eNB can support. We propose to confine the uplink 4 Tx codebook matrix to QPSK values {+1, -1, +j, -j }.
· CMF (LPB)
One codebook set may support for any kind of antenna configuration (e.g. cross polarization, ULA and 2 pairs of ULA). Therefore, we propose to select matices from all possible permutation group. Also, for performance enhancement, layer power balancing should be considered for CMF.
· CMP (LPU)
As mentioned above, in order to support multiple type of antenna configurations CMP matrices should be selected from all possible permutation group. Table 4 shows exemplary codebook set with 8 elements for CMP (LPU).
Table 4. Mixture of CMP (LPU: 8) and CMF (LPB: 12)
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______________________________________________________________________
4. Performance Evaluation
· Channel estimation performance

Figure 1 shows channel estimation performance according to rank 3 codebook types in SCM-C channel. In this simulation, we assume precoded DMRS with 3 cyclic shift values allocated for each layer. CM-friendly precoding produces frequency domain fluctuation of reference signal in each transmit antenna port because two cyclic shift values are summated in antenna port [4]. However, in CDM based precoded DMRS transmission case, frequency selective characteristic doesn’t mean channel estimation performance degradation since the sequences of precoded DMRS for each layer in antenna port keeps total transmission energy, receiver can obtain channel impulse response without any degradation by noise. As seen in figure, precoded DMRS of CMF (LPB) and CMP(LPU) has same performance.
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Figrue 1. Channel estimation performance according to rank3 codebook type
· BLER performance

Figure 2 and Figure 3 show the codebook performance in SCM-C channel with the fixed transmission rank 3. We can observe that CMF (LPB) performs similar to the full CMP (LPU). However, CMF (ULB) with 12 precoding matrices based on the layer power balance shows similar performance with DL codebook of Rel-8 and provides significant performance gain as compared with CMP (LPU) only codebook. Therefore, it seems to be beneficial to employ CMF (LPB).
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Figure 2. BLER performance of close-loop spatial multiplexing (rank 3) under SCM-C (X-pol) channel
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Figure 3. BLER performance of close-loop spatial multiplexing (rank 3) under SCM-C (ULA) channel

______________________________________________________________________
5. Summary

In this contribution, we evaluate the channel estimation performance and the BLER performance of proposed rank 3 codebook. Our observation results can be summarized as follows;
· CMF (LPB) shows better performance than CMF(LPU) and CMP (LPU). 
· Precoded DMRS of CMF (LPB) and CMP (LPU) show same channel estimation performance. Therefore, we believe that the channel fluctuation at a transmitter doesn’t result in any channel estimation degradation with orthogonal DM-RS
Based on this observation, we propose to employ the mixture of CMF (LPB) and CMP (LPU) as a rank 3 codebook for UL MIMO in LTE-Advanced
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Appendix
Table 1. Simulation Assumption
	Parameter
	Assumption

	Multiple Access Scheme
	SC-FDMA

	Carrier Frequency
	2GHz

	System Bandwidth
	5 MHz

	Subframe length
	1.0 ms

	Resource Allocation
	Localized Mode (5 RBs)

	Frequency Hopping
	Non Slot Hopping

	Modulation and Coding Rate
	QPSK 1/2,  16QAM 1/2, 16QAM 3/4

	Channel Coding
	Turbo code: max-log-MAP

	Channel Models
	SCM-C(X pol), SCM-C(ULA)

	Mobile Speed (km/h)
	3 km/h

	Channel Estimation
	DFT based channel estimation

	Antenna configuration
	4 transmitter and 4 receiver (4Tx, 4Rx)

	Number of Transmit rank
	3

	Number of codeword
	2

	Layer mixing
	SC-FDM symbol level

	Transmission Scheme
	Close-loop Spatial Multiplexing (Rank 3)

	Codebook
	Proposed CMF (LPB) (12 elements)

Release-8 Downlink codebook for rank 3[1]

CMP (LPU) for rank 3 (16 elements) [9]

	Precoding
	Single PMI

	PMI update period
	2 ms

	Receiver Type
	MMSE receiver
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												10		6.67E-05		1.33E-04						3.96E-01		5.66E-01		4.39E-01		6.05E-01

												12										9.59E-02		1.83E-01		1.09E-01		2.15E-01

												14										1.21E-02		3.22E-02		1.14E-02		3.11E-02		4.33E-01		5.93E-01		4.98E-01		6.65E-01

												16										1.13E-03		3.47E-03		7.33E-04		1.47E-03		1.46E-01		2.50E-01		1.74E-01		2.83E-01

												18										2.00E-04		4.00E-04						4.01E-02		7.27E-02		4.91E-02		8.49E-02

												20																		4.60E-03		1.55E-02		5.80E-03		1.28E-02

												22																		9.33E-04		1.80E-03		1.40E-03		3.27E-03

												24																				2.00E-04		6.67E-05		2.67E-04

												26

						CMF_Xpol				0		2		4		6		8		10		12		14		16		18		20		22		24		26		28		30		32		34		36

								0		3.47111		2.19747		1.35716		0.858645		0.520711		0.3343		0.191359		0.121726		0.0744633		0.04711		0.0299386		0.0191914		0.012013		0.00790778		0.00541285		0.00368435		0.00265336		0.00192877		0.00146138

								1		2.64215		1.71528		1.08259		0.691276		0.455338		0.299313		0.189113		0.118646		0.0759401		0.0481297		0.030411		0.0193486		0.0125728		0.00812324		0.00551328		0.00367483		0.00250638		0.00177097		0.00130132

								2		5.33728		3.40427		2.50613		1.59379		1.00449		0.649003		0.461183		0.286891		0.180615		0.113703		0.0717076		0.0451982		0.0285357		0.0180759		0.0116345		0.00761128		0.00510187		0.00354037		0.00257583

										3.8168466667		2.4390066667		1.6486266667		1.0479036667		0.6601796667		0.4275386667		0.2805516667		0.1757543333		0.1103394667		0.0696475667		0.0440190667		0.0279127333		0.0177071667		0.0113689733		0.00752021		0.0049901533		0.0034205367		0.00241337		0.00177951

						CMF_ULA				0		2		4		6		8		10		12		14		16		18		20		22		24		26		28		30		32		34		36

								0		2.54046		1.44728		0.889185		0.552774		0.353993		0.227174		0.152891		0.0961934		0.0601883		0.0377607		0.0234173		0.0147296		0.00923852		0.00584438		0.00372935		0.00243686		0.00164982		0.00117542		0.000893669

								1		1.83494		1.16317		0.726827		0.461694		0.291798		0.184434		0.112319		0.0706906		0.0448298		0.0280003		0.0178054		0.0111419		0.00730232		0.00475057		0.00317503		0.00218008		0.00155506		0.00115525		0.000907544

								2		2.18196		1.48519		0.930218		0.577551		0.367043		0.237992		0.151145		0.0956602		0.0608849		0.0408724		0.0262481		0.0169786		0.0111442		0.00739479		0.00449565		0.00311926		0.00223443		0.00166564		0.00129756

										2.1857866667		1.3652133333		0.8487433333		0.530673		0.3376113333		0.2165333333		0.138785		0.0875147333		0.055301		0.0355444667		0.0224902667		0.0142833667		0.0092283467		0.00599658		0.00380001		0.0025787333		0.0018131033		0.0013321033		0.0010329243

						CMP_Xpol				0		2		4		6		8		10		12		14		16		18		20		22		24		26		28		30		32		34		36

								0		1.318		0.845007		0.550809		0.349402		0.225127		0.436665		0.305762		0.201393		0.13029		0.0841123		0.0547094		0.0358068		0.023628		0.0157604		0.0106839		0.00737873		0.00521467		0.00378808		0.00283477

								1		3.79168		2.36833		1.40333		0.935421		0.584485		0.349978		0.215425		0.124585		0.0768086		0.0489431		0.0312315		0.0197014		0.0122185		0.00776497		0.00499064		0.00326239		0.00217486		0.00150124		0.00108453

								2		6.72907		3.54308		2.40514		1.45741		1.10507		0.692629		0.43366		0.2877		0.181801		0.117822		0.0655278		0.0437951		0.0296068		0.0205928		0.0147355		0.0108863		0.00834497		0.00665191		0.00551146

										3.94625		2.252139		1.453093		0.9140776667		0.6382273333		0.4930906667		0.3182823333		0.2045593333		0.1296332		0.0836258		0.0504895667		0.0331011		0.0218177667		0.0147060567		0.01013668		0.0071758067		0.0052448333		0.00398041		0.0031435867

						CM_ULA				0		2		4		6		8		10		12		14		16		18		20		22		24		26		28		30		32		34		36

								0		0.642168		0.427249		0.289979		0.198966		0.129243		0.086725		0.0560186		0.0366888		0.0246314		0.0161072		0.0108148		0.00718248		0.00469027		0.00314725		0.00217473		0.00155586		0.00115598		0.000902028		0.000739541

								1		3.01167		1.80986		0.991829		0.560464		0.341044		0.231509		0.144958		0.0905163		0.0574203		0.0363372		0.0231032		0.0148008		0.00962573		0.00626956		0.00417246		0.00284612		0.00201035		0.00148083		0.0011457

								2		3.0961		1.82029		1.19393		0.751683		0.464603		0.246173		0.155313		0.0985256		0.059618		0.038108		0.024762		0.0160696		0.0105951		0.00714566		0.0049705		0.00359834		0.00272949		0.00218023		0.00183296

										2.2499793333		1.3524663333		0.825246		0.5037043333		0.31163		0.1881356667		0.1187632		0.0752435667		0.0472232333		0.0301841333		0.01956		0.0126842933		0.0083037		0.0055208233		0.0037725633		0.0026667733		0.0019652733		0.0015210293		0.0012394003

										0		2		4		6		8		10		12		14		16		18		20		22		24		26		28		30		32		34		36

						Xpol		CMF		3.816846667		2.439006667		1.648626667		1.047903667		0.660179667		0.427538667		0.280551667		0.175754333		0.110339467		0.069647567		0.044019067		0.027912733		0.017707167		0.011368973		0.00752021		0.004990153		0.003420537		0.00241337		0.00177951

								CMP		3.94625		2.252139		1.453093		0.914077667		0.638227333		0.493090667		0.318282333		0.204559333		0.1296332		0.0836258		0.050489567		0.0331011		0.021817767		0.014706057		0.01013668		0.007175807		0.005244833		0.00398041		0.003143587

										0		2		4		6		8		10		12		14		16		18		20		22		24		26		28		30		32		34		36

						ULA		CMF		2.185786667		1.365213333		0.848743333		0.530673		0.337611333		0.216533333		0.138785		0.087514733		0.055301		0.035544467		0.022490267		0.014283367		0.009228347		0.00599658		0.00380001		0.002578733		0.001813103		0.001332103		0.001032924

								CMP		2.249979333		1.352466333		0.825246		0.503704333		0.31163		0.188135667		0.1187632		0.075243567		0.047223233		0.030184133		0.01956		0.012684293		0.0083037		0.005520823		0.003772563		0.002666773		0.001965273		0.001521029		0.0012394
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