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1. Introduction

In order to achieve the peak rate requirements for LTE-A, designs up to 8x8 antenna configurations and spatial multiplexing with up to eight layers are considered. In contribution [1]-[3], some issues of higher-order MIMO were discussed including the number of codeword, layer mapping, precoding, transmit diversity, COMP and so on. In RAN1 #56 some agreements and decision were reached as below.

· Agreement for LTE-A 8TX spatial multiplexing per component carrier: 

· Max number of transport blocks: 2
· Number of MCS fields: one for each transport block

· ACK/NAK feedback: 1 AN bit per transport block for evaluation as a baseline

· Discussion on control signaling details should continue. 

· Points for further discussion: 

· Codeword to layer mapping: 

· Possibility 1

· Codeword to layer mappings such that each codeword is uniformly distributed over all r available layers while enabling the use of SIC receivers with r-1 stages of cancellations.

· SIC operation utilizing the existing code block CRC might need consideration. 

· Possibility 2

· Up to 4 layers: same as Rel-8 LTE

· Above 4 layers: FFS
We study the layer mapping of downlink higher–order MIMO up to 8 layers in this contribution. Some link simulation results are provided to support our views.
2. Discussion

In the last RAN1 meeting, some designs of mapping from codeword to layers for downlink 8tx spatial multiplexing were discussed such as uniform layer mapping. By uniform layer mapping, each codeword is uniformly distributed over all r available layers while enabling the use of SIC receivers with r-1 stages of cancellations. Uniform mapping is a simple method to map from two codewords to larger than four layers, but it destroys the backward compatibility of LTE Release 8 specification because when the number of layers is small than five, the mapping is different from current Release 8 specification. Moreover, SINRs are averaged over the layers after uniform mapping, so CQIs and the channel gains of layers are mismatched. Considering the aspect of link adaptation, the performance of two-codeword transmission becomes similar to one codeword performance, which will lead to loss of system throughput especially when it comes to precoding process such as codebook based precoding and multi-layer beamforming [4]. If SIC operation is supported in UE, the same MCS for all layers in uniform mapping will also decrease the performance gains of SIC operation.

An alternative method is the individual mapping, which is straight forward expansion of the layer mapping in Release 8 to eight layers. If the number of transmit layers is smaller than or equal to four, the layer mapping can be same as in Release 8. If more than four layers are transmitted, half of the layers are mapped to the first codeword, and another half of layers to the second codeword. For odd ranks, the second codeword will have one more layer than the first codeword, as the three layers mapping in Release 8. Though there is complexity if the rank changes frequently, backward compatibility of LTE Release 8 is kept at the cost of a little increase in complexity. And more importantly, this method can get the accurate CQI match for codeword to layer mapping, especially in the small number of layers.
Corresponding simulation result for two layers transmission is presented in Section 3.2.

3. Simulation Results

3.1. Simulation assumption

Performance of two layers beamforming [4] based on 8x2 antenna configuration is provided in this section. The simulation assumptions are listed in table 1.
Table 1. Simulation assumptions

	Parameter

	Assumption

	Antenna configuration
	8x2

	Distance of UE antennae
	0.5 lambda

	Distance of BS antennae
	0.5 lambda

	Bandwidth
	5M

	Channel estimation
	Perfect

	Channel model
	SCM-UrbanMacro

	MCS 
	Refer to 36.213

	Channel code
	Turbo code

	HARQ retransmission number
	4

	Carrier frequency
	2.0 GHz

	Receiver 
	MMSE、MMSE-SIC

	CQI delay
	5 ms 

	Codeword number
	2

	Layer number
	2 

	Scheduled resource  block
	6 RB

	Precoding granularity 
	1RB

	Pilot overhead 
	2 ports dedicate pilot and 4 ports common pilot

	UE mobile speed
	3km/h


Comparison of uniform layer mapping and individual mapping

Figure 1 compares the performance of beamforming with uniform mapping and individual mapping. Because of the loss due to CQI mismatch, the performance of uniform mapping is 3-4dB worse than individual mapping in most of the SNR region. Considering the unified framework in the LTE-A layer mapping, uniform mapping is not a generally applicable scheme, especially in the beamforming transmission. In contrast, the individual mapping shows robust performance. 
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Figure 1 Performance of layer mapping for 8x2 dual-layer beamforming

4. Conclusion

In this contribution we analyze two important methods of layer mapping for downlink 8x8 MIMO. Combining the analysis and simulation results, we suggest that the layer mapping for downlink higher-order MIMO should be performed as follows:

· If the number of transmit layers is smaller than or equal to four, the layer mapping can be the same as in LTE Release 8;
· If more than four layers are transmitted, half of the layers are mapped to the first codeword and another half to the second codeword.
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