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1.1. Introduction

Uplink SU-MIMO supporting up to 4 Tx antennas has been considered commonly as an potential technology to satisfy the higher peak data rate for LTE-A. Through #56bis and #57 meetings in RAN WG1, specific conclusions including scaling factor and precoding matrices on the 2Tx-codebook look to be a big step forward for more specific precoding which is one of main decision points. However in the case of 4Tx-codebook, only general principles are outlined. The agreed principles are as followings;
· Overall design principle

· Independent design for different ranks

· Decide upon codebook independently for each rank

· Rank1:

· A few vectors for selected antenna(s) (PA(s)) “turn-off” 
· Targeted for power saving in case of, e.g. antenna gain imbalance
· Rank2:

· CM preserving for all the 4x2 precoding matrices
· Each matrix has one zero and one non-zero exp(j*Θ) element in each of the 4 rows
· Rank3: FFS

· CM-preserving or CM-friendly or Rel-8 DL or mixture or … 

· Mixture of CM-preserving and other approach (across different rank cases in case of dynamic rank adaptation), e.g., CM-friendly or Rel-8 DL: yes or no FFS

· Rank4: identity matrix

There are some related contributions [1]-[5] dealing with precoding issues. One of several design factors is the CM/PAPR to support single carrier property under power limited scenario. In this contribution we outline beneficial motivations to keep the CM property as much as possible, in order to support higher power transmissions. In addition we show link performance results of different codebook structures comparing to the DL codebook for each rank in LTE-ETU and SCM-C channel model. Detailed simulation parameters and example of proposed precoding matrices are included in the Annex section.
2.1. Criteria of Codebook design for 4Tx Uplink SU-MIMO

One of the motivations of choosing SC-FDMA (over OFDMA) in LTE advanced is that it gives additional benefits with low PAPR waveform signals. The lower cubic Metric (CM) can translate into higher uplink transmission power. Therefore in general, it is useful to design a codebook in which may help preserve CM values for each antenna port. The table 1 shows CM value according to the number of mixed layer for a single antenna port.
Table 1. CM value analysis of number of mixed layer for a single antenna port

	
	CM (dB)

	No mixed layer 

in a single antenna port
	1.22

	Mix of two layers 

in a single antenna port
	2.55

	Mix of three layers 

in a single antenna port
	3.05

	Mix of four layers 

in a single antenna port
	3.30


Lower geometry UE suffering from power limited situation will mainly have rank-1 and rank-2 transmissions. On the other hand, higher geometry UE may suffer power limited situation occasionally due to power sharing between PUSCH and PUCCH transmission. Therefore, it seems that CM-preserving precoding structure [1][3] for rank-2 seems to be necessary to allow higher power transmission. In addition, the CM-preserving precoding structure is still needed for rank-3 as well 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 CM-friendly and CM-preserving seems to be appropriate as far as CM-friendly precoding structure provides performance gain. In addition, the optimal ratio between CM-friendly and CM-preserving matrices in the rank-3 codebook needs to be further studied.
On the other hand, even though the eNB does have larger computational processing power compared to the UE, the eNB will need to support various numbers of UEs in the cell. 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 vector/matrix to QPSK values {+1, -1, +j, -j }.
3.1. Uplink 4Tx codebook proposal

The 4Tx codebooks for each rank are full searched in a given structure by using chordal distance criteria with QPSK alphabet constraint.
3.1. Rank-1 codebook

Two options are shown in table 1 and table 2 according to the number of vectors for antenna turn off. Table 1 is optimized 16 size codebook in terms of chordal distance considering 8 vectors for antenna turn off. And, additional 4 vectors are included in option 2 considering 4 vectors for antenna turn off.
Table 1. 16 size optimized rank-1 codebooks (Option 1)
	Rank-1 codebook (Option-1)
· Size = 16

· 8 vectors are reserved for antenna turn-off
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Table 2. 20 size optimized rank-1 codebooks (Option 2)

	Rank-1 codebook (Option-2)

· Size = 20
· 4 vectors are reserved for antenna turn-off
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Given the precoding matrices in Table 2, we have simulated fixed MCS link level and rank with dynamic adaptation of precoding matrices to evaluate performance between different codebooks. Even though the proposed codebook size is different from that of the DL codebook for rank 1 and rank 2, we believe the LTE DL codebook can be a useful reference. Figure 1 and Figure 2 show the codebook performance in SCM-C and LTE-ETU channels with the fixed transmission rank 1. The simulation results show that CMP codebook of Opt.1 and Opt.2 performs similar to DL codebook for most MCS levels.
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Figure 1. BLER performance of close-loop spatial multiplexing (rank 1) under SCM-C(X pol) channel
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Figure 2. BLER performance of close-loop spatial multiplexing (rank 1) under LTE ETU channel
3.2. Rank-2 codebook

Table 3. Rank-2 codebook

	Rank-2 codebook

· Size = 20
· 4 vectors are removed and antenna group turn-off matrices can be considered as part of the codebook
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Figure 3 and Figure 4 show the codebook performance in SCM-C and LTE-ETU channels that the case of the transmission rank is fixed to be 2. From the simulation results, CMP codebook performs similar to DL codebook for most MCS levels.
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Figure 3. BLER performance of close-loop spatial multiplexing (rank 2) under SCM-C(X pol) channel
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Figure 4. BLER performance of close-loop spatial multiplexing (rank 2) under LTE ETU channel
3.3. Rank-3 codebook

Table 4. Rank-3 codebook

	Rank-3 codebook

· Size = 16

· 12 CMF precoding matrices (layer power balanced)

· 4 CM-preserving matrices
· 
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 is used to normalize the column vectors for CMF precoding matrices
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Figure 5 and Figure 6 show the codebook performance in SCM-C channel with the fixed transmission rank 3. We can observe that CMF codebook without the layer power balance performs similar to the full CM preserving codebook [5]. However, CMF codebook 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 only codebook. Therefore, it seems to be beneficial to employ mixture of CMF and CMP for better support of power limited UE while providing better precoding gain for a UE not having power limitation.
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Figure 5. BLER performance of close-loop spatial multiplexing (rank 3) under SCM-C(X pol) channel
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Figure 6. BLER performance of close-loop spatial multiplexing (rank 3) under SCM-C(ULA) channel

4.1. Conclusion
In this contribution, we propose several precoding design issues of each rank for 4Tx uplink SU-MIMO. We also show link performance results of proposed codebook design. Our proposed codebooks are as follows: 
· Rank-1 codebook
· Option 1: 16 optimized codebook with 8 antenna turn-off codebook

· Option 2: 20 optimized codebook with 4 antenna turn-off codebook

· Rank-2 codebook

· CM preserving codebook (size: 20) except antenna turn-off codebook

· Rank-3 codebook

· CM friendly codebook (size:12) + CM preserving codebook (size: 4)
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Annex: Simulation Assumptions
Table A.1-1 Simulation parameters 1
	Parameter
	Values

	Multiple Access Scheme for UL
	SC-FDMA

	Carrier Frequency
	2 GHz

	System Bandwidth
	5 MHz

	Allocated scheduling RSs
	5 RBs

	Mobile Speed
	3 Km/hr

	Channel Coding
	Turbo code: max-log MAP

	Channel Estimation
	Real Channel Estimation

	Precoding
	Wideband precoding

	Codeword to Layer Mapping
	LTE based codeword to layer mapping

	Antenna configuration
	4 Tx – 4 Rx

	Receiver Type
	MMSE

	Precoding Adaptation Delay
	2 ms


Table A.1-2 Simulation parameters 2

	Parameter
	Values

	Channel Model
	Rank 2
	SCM-C (x-pol), LTE-ETU (from TS36.101),

	
	Rank 3
	SCM-C (x-pol) SCM-C (ULA)

	MCS 
	Rank 2
	QPSK 1/4, QPSK 1/2, 16QAM 1/2,16QAM 3/4, 64QAM 7/10

	
	Rank 3
	QPSK 1/2, 16QAM 1/2, 16QAM 3/4
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