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1. Introduction
Uplink MIMO has been considered as one of the key technologies for LTE-Advanced. Introduction of spatial multiplexing in the uplink is inevitable in order to meet the target uplink requirements such as peak data rate and spectral efficiency described in TR 36.913 [1].
In recent RAN1 meetings, several contributions showed that layer shifting techniques can improve uplink SU-MIMO performance [2] [3]. 

A way forward for the layer mapping for uplink SU-MIMO with 2 or 4 transmit antennas has been agreed in RAN1 #56 meeting [4]. According to the agreements, the same layer mapping method as in downlink LTE Release 8 is to be used for LTE-Advanced uplink and the layer shifting is to be done in the time domain. However, the exact layer shifting pattern is for further study.
As we have mentioned in the previous contribution [2], there are three schemes of layer shifting that are distinguished from each other by the level of basic shifting units:

(Scheme 1) Modulation symbol level layer shifting

(Scheme 2) SC-FDMA symbol level layer shifting


(Scheme 3) Slot-level layer shifting 
In this contribution, we explain the three schemes in detail and present some preliminary simulation results comparing these schemes.
2. Layer shifting for UL SU-MIMO
Figure 1 shows a MIMO spatial multiplexing scheme with layer shifting for SC-FDMA MCW transmission. The signal processing chain for SC-FDMA MCW transmission is very similar to the case of LTE Release 8 downlink MCW transmission [5]. However, unlike downlink OFDMA, the low PAPR property should be carefully taken into account in the case of SC-FDMA MIMO. In order to obtain some spatial diversity gain, there should be some interaction among layers. A simple way to do this maintaining the low PAPR property is placing a layer shifter before the DFT block, i.e, in the time domain. 
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Figure 1: SC-FDMA MIMO spatial multiplexing with layer shifting.
3. Layer shifting patterns

3.1. Scheme 1: Modulation symbol level layer shifting
Figure 2 shows the modulation symbol level layer shifting (Scheme 1). The modulation symbols for all layers are mixed evenly in a symbol-by-symbol fashion and for a given layer the number of modulation symbols that are transmitted on each antenna port is the same. Therefore, all the layers experience the same amount of spatial diversity and the packet error rates (PERs) for different codewords will be the same. 
This scheme is very attractive because of the flexibility of layer shifting and equal diversity gain for all layers and codewords irrespective of the number of layers or subframe type such as SRS or non-SRS subframe.
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Figure 2: Layer shifting pattern scheme 1 – Modulation symbol level layer shifting

3.2. Scheme 2: SC-FDMA symbol level layer shifting
Figure 3 shows the SC-FDMA symbol level layer shifting (Scheme 2). In this scheme, a block of modulation symbols belonging to the same DFT block move together in the layer shifting operation. For a given layer, the number of QAM symbols transmitted on each antenna port can be different depending on the number of SC-FDMA symbols available in the subframe. 

Also, each layer and hence each codeword can experience a different amount of spatial diversity. One such example is shown in Fig. 4, where the last SC-FDMA symbol is not available for data transmission due to SRS transmission. In this example, layers 1 and 2, which correspond to codeword 1, are transmitted in 5 SC-FDMA symbols (colored yellow and green) on antenna port 1. However, layers 3 and 4, which correspond to codeword 2, are transmitted in 6 SC-FDMA symbols. Similar problems happen for the other antenna ports. Therefore, the codewords 1 and 2 experience different amounts of spatial diversity.
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Figure 3: Layer shifting pattern scheme 2 – SC-FDMA symbol level layer shifting
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Figure 4: Example of the SC-FDMA symbol level layer shifting in SRS subframe.

3.3. Scheme 3: Slot level layer shifting
Figure 5 shows the slot level layer shifting (Scheme 3). Since the layer shifting takes place in a slot-by-slot manner, only two different layers can be transmitted on a single antenna port in one subframe. 
Thus, different codewords can experience different amounts of spatial diversity. One such example for is three layer transmission with 4 Tx antennas. Figure 6 shows the codeword to layer mapping agreed in [2]. Figure 7 shows the slot level layer shifting operation when there are three layers. In the figure, codeword 1 corresponding to layer 1 is transmitted on only antenna ports 1 and 2. However, codeword 2 corresponding to layer 2 and 3 is transmitted on all the antenna ports, i.e., 1, 2, and 3. Therefore, the diversity gains achieved by the two codewords 1 and 2 are different, and thus, the performances can be different.
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Figure 5: Layer shifting pattern scheme 3 – slot level layer shifting
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Figure 6: Layer mapping for three layers.
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Figure 7: Slot level layer shifting with three layers.

4. Simulation results
In this section, we present some link-level simulation results. Simulation parameters are listed in Table 1. The same MCS index is applied to both codewords. The PERs of SC-FDMA MIMO with and without layer shifting are compared in Fig. 8. The layer shifting, irrespective of specific schemes used, brings about 1.8 dB gain over spatial multiplexing without layer shifting at the PER of 0.1 as shown in Fig. 8. This is mainly due to the spatial channel diversity gain achieved by layer shifting. Regarding layer shifting pattern, the modulation symbol level layer shifting and the slot level layer shifting exhibit almost the same performance although the former provides denser layer mixing. In many situations, the slot level layer shifting – relatively coarse layer shifting – might be suffice since the symbols within a codeword is already well mixed by channel interleaver. 

Meanwhile, LTE-A SU-MIMO scheme should cover more diverse cases including MIMO transmission over 3 layers, existence of SRS, extended CP and combination of these. In these cases, the application of schemes 2 and 3 requires more careful considerations than scheme 1 because the bigger basic shifting units of schemes 2 and 3 can cause problems as mentioned in the previous section; performance loss due to unequal diversity gain of different codewords or loss of scalable and consistent layer shifting pattern. 

Table 1: Link level simulation parameters

	Parameters
	Values

	Carrier frequency
	 2.0GHz

	Transmission BW
	20 MHz

	Channel
	SCME urban micro

	Mobility
	3 km/h

	No. of codewords
	2 codewords

	No. of PRB per CW
	1 (i.e., 12-pt DFT)

	Antenna configuration
	4x4

	Channel coding
	3GPP LTE Turbo code

	MCS index
	12 (16QAM, 1/3 CR)

	Channel estimation
	Perfect channel estimation

	Receiver 
	MMSE
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Figure 8: PER performance results of SC-FDMA MIMO transmission with and without layer interleaving: MCS index is 12 (16QAM, CR=0.33)

5. Conclusion
In this contribution, we have discussed three schemes of layer shifting for uplink spatial multiplexing: 

(Scheme 1) Modulation symbol level layer shifting


(Scheme 2) SC-FDMA symbol level layer shifting


(Scheme 3) Slot level layer shifting 

The modulation symbol level layer shifting (Scheme 1) is preferred since it is flexible and offers equal diversity gain for all layers.
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