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1. Introduction
In order to provide high data rate transmission in LTE Rel-10, enhanced MIMO transmission for support of multiple layers beamforming and or multiple codeword streams is promising technique, and dual-layer beamforming is already included in LTE Rel-9 work items [1]. In some cases, for example, there exists transmission power imbalance between different layers, the average transmission quality between different layers are not equal. When a codeword stream is mapped onto multiple layers alternately, the link level performance degradation occurs for the whole codeword due to such power imbalance. The baseline configuration of maximum supported codeword is two in LTE Rel-8. The mapping rules should be defined in one codeword mapping to multiple layers and two codewords mapping to multiple layers. In this contribution, we shall discuss the stream-to-layer mapping rules in the presence of power imbalance between different transmission layers.
2. 
Codeword to Layer Mapping
2.1. Conventional mapping rules
In the multiple-layer beamforming system, mapping rule for one codeword to 2, 3 and 4 layers is shown in Figure 1 (a), (b) and (c) respectively.
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(a) One codeword to two layers
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(b) One codeword to three layers
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(c) One codeword to four layers
Figure 1 One codeword stream to layer mapping rule for 2, 3 and 4-layer pre-coded MIMO systems.
In LTE Rel-8 and 9, maximum two codeword streams shall be supported for maximum 4 layers pre-coded MIMO configuration. Figure 2 (a), (b) and (c) show the mapping rules for the cases of 2 codeword streams and 2 ~ 4 layers MIMO.
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(a) Two codewords to two layers


[image: image5.emf]Codeword to 

layer mapping

s

1

0 s

0

0 ... s

2

0 s

K

0

s

1

0

s

0

0

... s

2

0

s

K

0

s

2

1 s

0

1 ... s

4

1 s

K/2-1

1

P

r

e

c

o

d

i

n

g

s

1

1

s

0

1

... s

2

1

s

K

1

s

3

1

s

1

1

... s

4

1

s

K/2

1


(b) Two codewords to three layers
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(c) Two codewords to four layers

Figure 2 Two codeword stream to layer mapping rule for 2, 3 and 4-layer pre-coded MIMO systems.
2.2. Power Imbalance between Different Layers
Please note in Figure 1 and Figure 2 that the length of codeword and number of resource elements are chosen appropriately to illustrate the mapping rules in the above two figures. We can observe that the stream is mapped onto different layers alternately no matter how many codewords and/or how many layers there exist. This is optimal when the transmission quality on different layers is exactly the same. However, in the case that there exists power imbalance between different layers, (i.e., transmission quality on different layers is discriminating) the mapping rules in Section 3.1 may suffer from performance degradation. So we should design efficient mapping method to incorporate such power imbalance. Contribution [2] proposed adaptive mapping scheme to map the codewords to layers to take into account the instantaneous link quality difference on different layers. In that closed loop adaptive mapping scheme, layer quality feedback is required for capturing the real-time characteristic of MIMO channel, which increases feedback overhead.

In some cases, the power imbalance is in fixed manner and independent of instantaneous channel realization, the mapping rule can be optimized and kept unchangeable. For example, in UL pre-coded MIMO with rank 3, to reduce the PAPR at transmit side, CMP codebook is proposed by many proponents where transmit power in imbalanced between the first and 2 or 3 layers. So the link quality between them is different. This motivates us to design optimized stream to layer mapping rules to incorporate such discrimination.

For channel coding scheme adopted in LTE, coded block is comprised of two parts of constellation, one is from information bits with high priority and the other is from parity bits with relatively low priority. Compared with mapping the coded block symbol alternately, we will achieve better performance when we map information symbols onto high quality layer and parity symbol onto low quality layer.
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(a) Optimized mapping from one codeword to three layers
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(b) Optimized mapping from two codeword to three layers

Figure 3 Optimized mapping rules from one or two codeword stream to 3 layers.
2.3. Optimized Mapping Scheme
Since transmission quality is different on layers and importance is also different for information and parity symbols, we propose optimized stream to layer mapping rules as follows. Here we assume the link quality difference between layers is introduced by SNR imbalance on different ranks of codebook.

In Figure 3, we show the modified stream to layer mapping rules with considerations on the link quality discrimination between layers. Here, layer one possesses high transmission SNR and layer 2 and 3 possess low SNRs, so the important symbols should be conveyed on high SNR layer and parity symbols on relatively low SNR layers. 

Note that the length of two code block maybe different and the ratio of information to parity symbols maybe also different for two streams, the essence of the modified mapping scheme is to map alternately the information symbols of two code blocks onto the high SNR layer as more as possible, and then map the remained symbols, maybe including parity symbols, onto other layers.

Compared with adaptive mapping scheme proposed in [2], our mapping method depends on the predetermined power imbalance between layers, thus doesn’t need additional feedback overhead.
3. Simulation Results
In this section, we shall evaluate the performance improvement of the modified mapping rules via link level simulations. We consider the case that layer quality difference is introduced by codebook with imbalanced power allocation between layers, where power on the first layer is twice as on the second and three layers. Refer to [3] for more details on such power imbalance introduced by rank-3 codebook. The simulation parameters are listed in Table 1. Figure 4 compares the BLER performance of LTE Rel-8 mapping and the proposed mapping schemes when two codewords and three layers are used.

In Figure 4, BLER performance obtained from conventional and the proposed mapping rules (see Figure 2(b) and Figure 3(b)) are plotted for comparison. We observe obvious performance improvement in three cases of MCS level, say QPSK 1/2, 16QAM 1/2 and 64QAM 1/2. Moreover, the performance gain increases with reducing MCS level. For 64QAM 1/2, SNR gain is rough 0.4 dB, however this gain is 0.9dB for MCS of QPSK 1/2. Please note that, because the power imbalance between layers comes from codebook structure, the proposed mapping rule doesn’t require additional overhead for feedback.
4. Conclusions
In this contribution, we introduced an optimized stream-to-layer mapping rule for multiple layer transmission to improve the link level performance. From the simulation results, the performance can be improved by differential mapping for information and parity bits. We thus suggest the proposed codeword-to-layer mapping rules can be adopted in power imbalanced multiple layer MIMO scheme.
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Figure 4 Illustration of performance improvement in BLER with proposed stream-to-layer mapping scheme.

Table 1 Simulation parameter settings

	Parameter
	Value

	
	

	Bandwidth
	10MHz

	Antenna configuration
	4x4

	Channel model
	SCM-E

	UE speeds of interest
	3km/h

	Number of RB allocation
	1 RB

	Channel coding
	Turbo Coding, QPSK/16QAM/64QAM 1/2

	Number of CWs and layer numbers
	2 CWs to 3 layers

	MIMO detector
	MMSE detector

	Channel estimation
	Ideal channel estimation
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[3] 3GPP R1-094255, “Rank3 Precoding Design for LTE-A UL-MIMO”.
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