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Introduction
According to the agreement on uplink SU-MIMO for LTE-A made at RAN1#56 [1], time-domain layer shifting will be supported for UL LTE-A MIMO operation. In this contribution, we provide our views on the benefits of layer shifting together by showing link level performance comparisons with and without spatial bundling of HARQ parameters that include ACK/NACK, NDI, and RV.

A new time domain layer shifting for uplink SU-MIMO presented in this contribution is illustrated in Figure 1. Note that the “Virtual Layer to Physical Layer Mapping” rule can be updated every SC-FDM symbol. In particular, the rule implemented in this contribution is: 

Physical Layer Index = (Virtual Layer Index + Data SC-FDM Symbol Index) mod L,
where L is the current transmission rank. Note that such a scheme allows for layer shifting while keeping different modulation orders associated with different physical spatial layers. As shown later in the contribution, this feature provides robustness to the layer shifting transmissions even in the case of transmit antenna gain imbalance (AGI) in the case of a linear MMSE receiver.
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Figure 1: Layer shifting for LTE-A uplink SU-MIMO. 
Furthermore, we show that the conventional layer shifting with per-codeword MCS selection, along with a single acknowledgement across codewords, provides robust gains over a scheme without layer shifting with a single acknowledgement or acknowledgement per codeword when a non-linear (SIC) receiver is used. 
2
Layer Shifting Performance without AGI
When there is no transmit antenna power gain imbalance, the modulation schemes used over all the physical layers that the virtual layers of a common codeword are mapped to are set to be the same. In Table 1, we have listed the related simulation parameters.  Note that all results in sections 2 and 3 assume linear (MMSE) receiver.
Table 1: Link Simulation Parameters
	Carrier frequency
	2.0GHz

	System bandwidth
	5MHz

	Data transmission BW
	4 RBs (48 subcarriers)

	Slot format
	Normal CP (7 symbols per slot)

	Channel model
	Typical Urban, 6 paths

	Fading speed
	3km/h, 30km/h

	Antenna configuration
	2x2

	Tx Antenna correlation
	0

	Rx Antenna correlation
	0

	Channel coding
	Turbo code

	Modulation
	QPSK, 16QAM, 64QAM

	Receiver
	Linear MMSE or MMSE/SIC

	Channel estimation
	Perfect

	AMC target termination
	10% at 1st subpacket

	CQI feedback delay
	4ms

	Precoding codebook
	LTE Rel-8 DL precoding codebook [2]

	Layer blanking during re-transmission
	No


In Figure 2, we show the performance of time-domain layer shifting for 3km/h (channel Doppler frequency 5.55Hz). Basically, there is no obvious difference between layer shifting (LP:1) and no layer shifting (LP:0). From Figure 2, we also see that spatial bundling of ACK incurs limited performance loss. Note that this loss is mainly due to the fact that layer blanking is not implemented during re-transmission.
In Figure 3 we look at the same performance comparison for 30km/h (55.55Hz Doppler). Clearly, layer shifting outperforms no layer shifting and the relative gain is around 2dB. Meanwhile, we see that whether ACK bundling is on or off almost makes no different for the layer shifting case. On the other hand, ACK bundling degrades the performance for the no layer shifting case.
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Figure 2:  Layer shifting performance at speed 3km/h (AGI=0dB)
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Figure 3: Layer shifting performance at speed 30km/h (AGI=0dB)
3
Layer Shifting Performance with AGI 

From discussions in RAN1#56, the main motivation for the disabling of the time-domain layer shifting was the case where there is a large gain imbalance across different transmit antennas of the UE (AGI>6dB). 

In this case, however, we can allow different modulation schemes over different physical layers to compensate for the channel quality difference. 

For example, assume physical layer 1 has SNR 12dB and physical layer 2 has SNR 2dB. UL MIMO operation could be as follows: 

Option 1: layer shifting operation configured to send 16QAM symbols on all physical layers (no matter which physical layer the virtual layer is mapped to)

Option 2: use 64QAM modulation for symbols mapped to physical layer 1 and use QPSK modulation for symbols mapped to physical layer 2 (irrespective of their virtual layer of origin). 
With the same set of simulation parameters as in Table 1, Figure 4- Figure 7 show the performance of layer shifting allowing different modulation schemes over different physical layers in the presence of transmit antenna power gain imbalance 6dB and 12dB. 
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Figure 4. Layer shifting performance at speed 3km/h (AGI=6dB)
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Figure 5. Layer shifting performance at speed 30km/h (AGI=6dB)
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Figure 6. Layer shifting performance at speed 3km/h (AGI=12dB)
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Figure 7. Layer shifting performance at speed 30km/h (AGI=12dB)
From Figure 4 – Figure 7, one can see that layer shifting performs very similar to the case of no layer shifting when the Doppler frequency is small. In the presence of high Doppler, layer shifting always outperforms no layer shifting.
Some addition comments on AGI are as follows:

1. When the UE is not power limited, the UE can compensate for the imbalance by properly adjusting the transmission power setting of the stronger/weaker antenna; in this case, we default back to the no power imbalance scenario.
2. In practical system operation with rank adaptation, the probability of rank 2 operation in the presence of large transmit antenna gain imbalance is small at low SNR.
3
Performance with SIC receiver 

In this section, we compare performance of layer shifting with per-codeword MCS selection to the performance without layer shifting in the presence of non-linear (SIC) receiver. Figure 8 – Figure 11 compare performance of these four options for the scenarios with low (3km/h) and medium (30km/h) mobility with and without antenna gain imbalance.    
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Figure 8. Layer shifting performance at speed 3km/h (AGI=0dB)
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Figure 9. Layer shifting performance at speed 30km/h (AGI=0dB)
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Figure 10. Layer shifting performance at speed 3km/h (AGI=6dB)
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Figure 11. Layer shifting performance at speed 30km/h (AGI=6dB)
It is easy to see that layer shifting with a single or two acknowledgements has essentially the same performance. Furthermore, layer shifting with a single acknowledgement comes on top of the schemes without layer shifting with either single or two acknowledgements at low mobility. However, at medium mobility, layer shifting with a single acknowledgement outperforms schemes without layer shifting.
4
Conclusions 

In this contribution, we have studied the performance of time-domain layer shifting for uplink SU-MIMO in LTE-A. Specifically, we considered a novel transmission scheme with layer shifting where modulation order is chosen per transmit antenna (rather than per codeword) to mitigate the effect of antenna gain imbalance when linear (MMSE) receiver is used. We also analyze the conventional layer shifting with MCS selection per codeword when non-linear (SIC) receiver is used. In principle the schemes with layer shifting work well with the desire to keep a single ACK feedback on the DL, and hence, avoiding revisiting the PHICH design for Rel-10. 

The following observations can be made about the performance of layer shifting with either modulation order selection per transmit antenna in the presence of antenna imbalance or MCS selection per codeword in the absence of antenna imbalance when only MMSE receiver is applied:
When there is no antenna gain imbalance:

· No layer shifting with two ACKs outperforms no layer shifting with single ACK

· Low Doppler: Layer shifting and single ACK performs approximately the same as no layer shifting and two ACKs

· High Dopper: Layer shifting and single ACK outperforms no layer shifting and single or two ACKs

When there is large antenna gain imbalance:

· Low Dopper: Layer shifting with single ACK can match performance of no layer shifting if different modulation orders are allowed for different physical layers
· High Doppler: Layer shifting with single ACK (with different modulation orders at different physical layers) outperforms no-layer shifting with single or two ACKs
Furthermore, the conventional layer shifting with MCS selection per codeword and MMSE-SIC receiver and ACK bundling option achieves the best performance across mobility scenarios with and without antenna imbalance. 

As a result we recommend the following:
· Layer shifting with a single ACK as a single LTE-A UL MIMO operation mode

· Layer shifting with a single ACK and modulation order selection per transmit antenna to be considered as a further enhancement in the event that performance optimization with linear MMSE receiver is deemed important.
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