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1. Introduction
As an effective technology to attain the uplink peak spectral efficiency for LTE-Advanced, Uplink SU-MIMO   has been discussed in many contributions [1]-[4]. It is already clear that to satisfy peak data rate requirements for LTE-A, designs up to 4x4 antenna configurations and spatial multiplexing with up to four layers is needed. Firstly we should confirm some layer mapping design issues such as layer mixing, the number of CWs, and number of MCS and HARQ in the UL SU-MIMO spatial multiplexing. In #56 and #56bis meeting, some common understandings [5] are reached as follows:
· Same layer mapping as downlink LTE Rel-8

· Maximum of 2 codewords (TBs)
· Number of MCS fields: two
Further refinement
· Two modes of operation for further study

· No HARQ-ACK Spatial Bundling and no Layer Shifting
· HARQ-ACK Spatial Bundling with Layer Shifting
In this contribution, we analyze the two modes of operation on layer mapping based on some link level performance. We also present our views on uplink layer mapping up to four layers spatial multiplexing.
2. Discussion
2.1. Layer shifting in time domain

It is claimed that layer shifting in time domain can provide diversity gain between layers. At the same time, the SINRs are averaged over the layers after layer shifting and single codeword properties can be achieved. Because of precoding and more complex correlation property in uplink channel, multi layers usually have different channel gains, which results in the CQI difference between multi-layers. Then layer shifting will destroy the veracity of link adaption and may result in loss of throughput. If the SINRs of layers tend to be rather similar, for example when open loop spatial multiplexing is worked, the loss is negligible. But if the gains of layers vary obviously, for example when precoding process such as codebook or non-codebook based precoding is supported in LTE-A uplink, the loss can’t be ignored. As the performance benefits from layer diversity tend to be rather small, weighing the diversity gain against the loss of link adaption, our conclusion is that layer shifting is not appropriate in most scenarios of uplink SU-MIMO. 
In the last meeting, some companies provided simulation results about performance of layer shifting, but came into different conclusions. It’s concluded that the reason may be how layer shifting and link adaption were modeled. To be consistent with most companies, also in contrast with former results, layer shifting is done after DFT operation in latter simulation results as shown in figure 1. In addition, figure 2 shows why the SINRs of two codewords as well as the two MCS fields are similar by layer shifting.
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Figure 1: Layer shifting based on OFDM symbols (without SRS)
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Figure 2: Receiver and CQI estimation with Layer shifting (without SRS)
Corresponding simulation results are presented in Section 3.2.
3. Simulation Results
3.1. Simulation assumption
To assess the performance of different layer shifting configurations, some link-level simulations are performed. Based on 2x2 configuration the performance evaluation of uplink SU-MIMO with MMSE receiver is provided. To simulate non-ideal link adaption, CQIs are estimated by non-ideal sounding estimation with SNR of 10dB. A summary of the simulation assumptions is listed in table 1.
Table 1. Simulation assumptions

	Parameter

	Assumption

	Antenna configuration
	2×2

	Distance of UE antennae
	0.5 lambda

	Distance of BS antennae
	10 lambda

	Bandwidth
	5M

	DRS estimation
	Perfect

	Channel model
	SCM-UrbanMacro

	Codebook
	Identity matrix for rank=2 

	MCS 
	Refer to 36.213

	Channel code
	Turbo code

	HARQ retransmission number
	4

	Carrier frequency
	2.0 GHz

	Receiver 
	MMSE

	CQI/PMI delay
	5 ms 

	Sounding estimation(CQI)
	Perfect estimation for ideal link adaption、
Real estimation in SNR=10dB for non-ideal adaption

	Codeword number
	2

	Layer number
	2 

	Scheduled resource  block
	6 RB

	Precoding granularity 
	Wideband precoding for codebook
2 prbs for noncodebook

	DRS overhead 
	2 symbol for each subframe

	UE mobile speed
	3km/h


3.2. Performance of layer shifting 
Figure 3 shows the performance of codebook based precoding with and without layer shifting and HARQ-ACK spatial bundling. The result shows that as SINRs of layers based on identity matrix tend to be rather similar, the layer shifting leads to only slight loss in codebook based precoding. For non-codebook based precoding, the loss is much larger, and figure 4 shows that the loss is between 2-3dB. Even for non-ideal link adaptation, due to CQI accurate match relatively in the non-layer shifting case, the scheme without layer shifting shows significant performance gains. 
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Figure 3 Performance comparison of dual layers transmission for 2x2 codebook
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Figure 4 Performance comparison of dual layers transmission for 2x2 non-codebook
4. Conclusion

This contribution analyzes the layer mapping issues based on some link level performance with MMSE receiver. We make following observations:
· There is a small degradation in performance with layer shifting for codebook based system uplink SU-MIMO.
· In case of non-codebook based system, the performance loss with layer shifting is significant in uplink SU-MIMO.
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