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1. Introduction

In RAN1 #56 meeting, the layer shifting was agreed to employ for LTE-Advanced since it can provide a robust performance gain by averaging channels across the layers so that each layer experience similar effective channel. Due to this layer shifting property, the performance degradation from bundling multiple HARQ is mitigated significantly [1]-[5]. Since the control channel in Rel-8 should be kept as much as possible to support backward compatibility, HARQ spatial bundling for uplink seems quite attractive in our point view in order to avoid unnecessary standardization efforts and control channel resource waste. 

In RAN1 #56bis meeting, it was agreed that options for layer shifting and HARQ spatial bundling combination narrowed down as a progress so that following two options are remained for further study [8]. 

· Option 1: No HARQ spatial bundling and no layer shifting

· Option 2: HARQ spatial bundling with layer shifting

Therefore, in this contribution, we further evaluate remaining two options to see whether another progress can be obtained on this issue. In addition, some details on layer shifting schemes will be also discussed since several alternatives have been proposed so far. 

______________________________________________________________________
2. Layer Shifting Schemes
So far, three alternatives of the layer shifting scheme have been proposed for uplink SU-MIMO in LTE-Advanced [5]-[7]. Some details of layer shifting schemes are shown in the figures 5, 6, and 7 in ANNEX. 
· Alt.1: Modulation symbol level layer shifting [6]
The first alternative can be modulation symbol level layer shifting in which modulated symbols of each layer are mapped onto different virtual antennas according to the resource index within an SC-FDMA symbol so that high channel averaging gain can be obtained. However, excessive receiver complexity is expected when sophisticated iterative receiver (e.g., Turbo-SIC) is employed due to time domain equalization and performance can be degraded from inter-symbol interference during layer cancellation.
· Alt. 2: SC-FDMA symbol level layer shifting [5]

The layer shifting can be done in SC-FDMA symbol level so that the layer to virtual antenna mapping is changed according to the SC-FDMA index within a subframe in cyclic shifting manner. This can still provide high layer channel averaging gain since several cycles of layer shifting can be done within a subframe. In addition, receiver complexity is also almost same as that of no layer shifting since the receiving operation is identical to that of no layer shifting within a SC-FDMA symbol.
· Alt. 3: Slot-level layer shifting [7]

The slot-level layer shifting is same as SC-FDMA symbol level layer shifting except the layer shifting cycle. In this case, the layer to virtual antenna mapping is changed in each slot. Note the layer to virtual antenna mapping is kept within a slot in this scheme so that the layer channel averaging gain can be lower than the other alternatives.
In the above discussions, properties of all layer shifting alternatives are discussed and summarized in table 1. 

Table 1. Properties of layer shifting schemes
	
	Modulated symbol-level
	SC-FDMA symbol-level
	Slot-level

	Spatial diversity gain
	High
	High
	Medium

	Receiver complexity
	Increased
	Same as no layer shifting
	Same as no layer shifting


From this observation, SC-FDMA symbol-level layer shifting seems appropriate as a layer shifting scheme for LTE-Advanced.
______________________________________________________________________
3. Link-level Performance Evaluation
In this section, we investigate the link level performance according to HARQ spatial bundling and layer shifting. In this simulation, we assume 2 MCS and 2 HARQ without layer shifting, and 2 MCS and 1 HARQ with layer shifting. For the layer shifting scheme, we assume SC-FDMA symbol level layer shifting due to the reason we mentioned in the previous section. Also, remaining simulation assumptions are listed in the Table 2.

Table 2. Basic simulation assumption

	Parameter
	Assumption

	Multiple Access Scheme for UL
	SC-FDMA

	Carrier Frequency
	2GHz

	System Bandwidth
	5MHz

	Subframe structure
	PUSCH

	Allocated RBs
	5RBs

	Channel Model
	6-ray TU

	Mobile Speed
	3km/h and 30km/h

	Channel Estimation
	DFT based channel estimation

	Modulation and Coding
	27 states MCS entries

	HARQ modeling
	Chase Combining

	Max number of retransmissions
	4 (In addition to new transmission)

	Transmit scheme
	Spatial Multiplexing – 2CWs

	Codeword to layer mapping
	codeword to layer mapping in Rel-8

	Channel coding
	Turbo code: max-log MAP

	Antenna configuration
	2Tx-2Rx

	Antenna correlation
	(0%, 0%)

	MIMO receiver
	MMSE, Turbo-SIC

	Layer shifting
	SC-FDMA symbol level

	Antenna Gain Imbalance (AGI)
	0dB, 6dB


·  Without AGI (antenna gain imbalance)

No layer shifting and layer shifting shows similar performance at both MMSE receiver and Turbo SIC receiver. However, from figure 2, we can see that layer shifting always outperform no layer shifting in case of higher Doppler.
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Figure 1. Spectral efficiency under 3km/h velocity environment and 0dB antenna gain imbalance
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Figure 2. Spectral efficiency under 30km/h velocity environment and 0dB antenna gain imbalance

· With AGI (6dB)

It was discussed that if antenna gain imbalance situation occurs in 2Tx due to hand gripping the layer shifting may harm the performance significantly since it may severely introduce frequency selectivity. Therefore, the performance of layer shifting with AGI is also investigated. From the figure 4, marginal performance degradation is shown due to layer shifting when AGI is assumed since higher frequency selectivity results in higher block error rate in high coding rate cases. However, the tendency is changed as the Doppler frequency goes higher. In addition, the performance degradation is still marginal even in low Doppler frequency.
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Figure 3. Spectral efficiency under 3km/h velocity environment with AGI (6dB)
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Figure 4. Spectral efficiency under 30km/h velocity environment with AGI (6dB)
______________________________________________________________________
4. Conclusion
In this contribution, we discussed on the alternatives of layer shifting schemes proposed so far and evaluated two remaining options of uplink spatial HARQ bundling with layer shifting. From the discussions and evaluation results, we can conclude as follows:  
· Among the alternatives of layer shifting scheme, SC-FDMA symbol level layer shifting seems to be most appropriate in terms of layer channel averaging gain and receiver complexity.
· When considering downlink control signalling overhead and robust performance of layer shifting, H-ARQ bundling with layer shifting (i.e., option 1) seems to be a substantial feature in LTE-Advanced
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Figure 5. Modulated symbol level layer shifting
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Figure 6. SC-FDMA symbol level layer shifting
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Figure 7. Slot level layer shifting
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