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Introduction 
In [1], precoding is employed for SU CL MIMO, and the codebooks for different antenna configuration are defined. Moreover, rank adaptation is also considered in LTE to enhance the performance. 

However, in LTE, there is no power allocation among different layers if the rank is larger than 1. It is well known that unitary precoding with water filling power allocation is the optimal solution for CL-MIMO. So the original CL-MIMO in LTE is not optimal. In [2], it is also shown that by power imbalance among Tx antennas in uplink, we can get considerable gain. So the power allocation for DL CL-MIMO needs to be studied
In this contribution, a multi level precoding scheme is proposed for CL-MIMO. In the proposed scheme, we consider the use of two-level precoding. The level 1 procoding is for rank adaptation and power allocation, and the other one is for original precoding. With the proposed scheme, we can get near optimal solution for CL-MIMO. So it can increase the CL-MIMO performance. By harmonizing rank adaptation and power allocation, we can use fewer coding bits to show the same information so that it can reduce the overhead. Moreover, by using multilevel precoding, we can separately feedback the PMI for each level. We feed back the level 1 precoding PMI less frequently than the second one. So the feed back overhead is further reduced.
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The Original CL-MIMO in LTE
In the CL-MIMO in LTE, firstly the receiver estimates the channel. Based on the estimated channel state information (CSI), the receiver computes the sum rate for all matrices in the codebook of all the ranks. Then the receiver selects the rank and the matrix in the codebook of this rank which has the highest sum rate among all the ranks and precoding matrix. Once the rank and the precoding matrix is decided, the UE feedbacks the rank index and the precoding matrix index (PMI) of the selected matrix to the transmitter. At the transmitter, it transmits the data symbols with the rank by the feedback and does the precoding based on the feedback PMI. At the receiver, it recovers the original data symbols by post decoder using the previous feedback precoding matrix.
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Figure 1: Codebook based CL MIMO in LTE
In the LTE CL-MIMO, there is no power allocation among different layers. It is well known that unitary precoding with water filling power allocation is the optimal solution for CL-MIMO. So the original CL-MIMO in LTE is not optimal.
3 Multilevel Level Precoding for Power Allocation
Here, we propose the use of two-level precoding to optimize the performance. The level 1 precoding is for rank adaptation and power allocation. The level precoding is the typical precoding without power allocation information. Each level has its own codebook. 
3.1 Multilevel Precoding for DL CL-MIMO with Power Allocation
The block diagram of multilevel precoding CL-MIMO is shown in Figure 2. In the proposed scheme, at first, the receiver estimates the channel by the channel estimator. Based on the estimated channel information, the receiver selects the precoding matrix for each level from the corresponding codebooks, which results in the highest sum rate. Once the precoding matrix for each level is decided, the UE separately feedbacks the PMIs of both levels to the transmitter. 
It should be noted that the feedback frequency is different for different level precoding. The level 1 precoding is for rank adaptation and power allocation. Thus, its precoding is rather a long term feedback and the level 2 precoding is a short term feedback. In this way, multiple level precoding can reduce the feedback.

At the transmitter, it precodes the data symbols by using the two-level precoder, based on the feedback PMIs, and then transmits the precoded data symbols through multiple antennas.
At the receiver, it recovers the original data symbols through post decoder using the precoding matrices of previously feedback PMIs. 
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Figure 2: Multilevel CL MIMO 
3.2 Codebook design for First Level Precoding

In multilevel precoding, the level 1 precoding is for rank adaptation and power allocation. So the codebook is not unitary. By combining rank adaptation and power allocation, we can use less coding bits to show the same information so that it can reduce the overhead.

1) For rank adaptation information in the codebook, the identity matrix with some 1 element replaced with zeros can be used. It can also indicate the information that equal power allocation is used. So that we reduce the coding bits

2) For power allocation, it is combined with rank information. The total transmit power is not changed. The diagonal matrix is used in the codebook for power allocation.
Here we give an example of first level codebook for 2X2 CL MIMO as follows
Table 1. Example of codebook for the level 1 precoding
	Codebook index
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Simulation Results
4.1 Simulation Assumptions
We perform link level simulations with the purpose of showing the available gains of the proposed multilevel precoding. Table 2 describes simulation assumptions used in performance comparisons.

Table 2. Link level simulation assumptions
	Channel Model 2x2
	Independent Identically Distributed flat fading channel

	Level 1 Codebook 
	As proposed in Table 1

	Level 2 Codebook
	LTE codebook

	MIMO Antennas: Tx by Rx
	2x2 MIMO

	CQI Feedback Information
	SCW and MCW

	Codeword to layer mapping
	LTE codeword to layer mapping

	Feedback delay
	0

	Throughput Calculation
	Sum rate by Shannon Capacity

	Geometry
	0~20dB

	MIMO receiver
	MMSE linear receiver


4.2 Simulation Results
4.2.1 Simulation Results for 2X2 antenna configuration without Rank Adaptation
The performance of multilevel precoding with power allocation for 2X2 antenna configuration in Rank 2 for MCW and SCW without rank adaptation are shown in Figure 3 and figure 4, respectively. 
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Figure 3: The performance for 2 Codeword of 2X2 in Rank 2 only
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Figure 4: The performance for SCW of 2X2 in Rank 2 only
From the simulation results, we can see that the multilevel precoding with power allocation can provide considerable gain over the original one. Moreover, power allocation can provide more gain for SCW than MCW
4.2.2 Simulation Results for for 2X2 antenna configuration with Rank Adaptation
The performance of multilevel precoding with power allocation for 2X2 antenna configuration with rank adaptation for MCW and SCW are shown in Figure 5 and figure 6 respectively. 
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Figure 5: The performance for 2 Codeword with of 2X2 with Rank adaptation 
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Figure 6: The performance for SCW with of 2X2 with Rank adaptation
From the simulation results, we can see that if there is rank adaptation, the gain by the multilevel precoding will be reduced.  However, for SCW, there is still considerable gain by power allocation.
4.2.3 Simulation Results for for 4X4 antenna configuration with Rank Adaptation
The performance of multilevel precoding with power allocation with rank adaptation for MCW and SCW in 4X4 are shown in Figure 7 and figure 8 respectively
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Figure 7: The performance for 2 Codeword of 4X4 with Rank adaptation
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Figure 8: The performance for SCW of 4X4 with Rank adaptation 
Since in LTE, the maximum number of codeword is 2, for 4X4 system, there are at least 2 layers should share the same codeword. From the simulation results, we can see that there is considerable gain by power allocation for both MCW and SCW in 4X4 system.
We can say that if there are more than 1 layers share one codeword, the power allocation can provide considerable gain.
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Summary
In this contribution, a multi level precoding scheme is proposed for CL-MIMO. In the proposed scheme, we consider use two level precoding. The level 1 precoding is for rank adaptation and power allocation, and the level 2 is for the original precoding. By using multilevel precoding, we can separately feedback the PMI for each level. We feed back the level precoding PMI less frequently than the second one. So the feed back over head is further reduced. Simulation results show that if there are more than 1 layers share one codeword, we can get considerable gain by the proposed scheme.
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