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1
Introduction
According to the agreement on uplink SU-MIMO for LTE-A made at RAN1#56 [1] and RAN1#56bis[2], time-domain layer shifting will be supported for UL LTE-A MIMO operation. In this contribution, in addition to the results already presented in [3] in last RAN1 meeting, more link analyses are provided. Then we provide our views on layer shifting. 

As demonstrated already in [3], a new time domain layer shifting for uplink SU-MIMO 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, i.e. the total number of spatial layers multiplexed together. Note that such a scheme allows for layer shifting while keeping different modulation orders associated with different physical spatial layers. This feature allows to provide robustness to the layer shifting transmissions even in the case of transmit antenna gain imbalance (AGI) with a linear MMSE receiver.
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Figure 1: Layer shifting for LTE-A uplink SU-MIMO. 
Furthermore, in [3], we have shown 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
	60km/h, 120km/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 FER
	10% at 1st or 2nd subpacket

	CQI feedback delay
	4ms

	Precoding codebook
	2x2 Identity matrix 

	Layer blanking during re-transmission
	No


In Figures 2-5, we show the performance of time-domain layer shifting for 60km/h and 120km/h velocities. Clearly, when we target 90% termination at the 1st subpacket, 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. When we target 90% termination at the 2nd subpacket, we see the performance different between layer shifting with/without ACK bundling and no layer shifting without ACK bundling is negligible. However, ACK bundling severely degrades the performance.
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Figure 2:  Layer shifting performance at speed 60km/h, target FER: 10% at 1st Tx (AGI=0dB)
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Figure 4:  Layer shifting performance at speed 120km/h, target FER: 10% at 1st Tx (AGI=0dB)
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Figure 3: Layer shifting performance at speed 60km/h, target FER: 10% at 2nd Tx (AGI=0dB)
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Figure 5:  Layer shifting performance at speed 120km/h, target FER: 10% at 2nd Tx (AGI=0dB)

3
Layer Shifting Performance with AGI 

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 (around 6dB AGI). 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 6- Figure 9 show the performance of layer shifting allowing different modulation schemes over different physical layers in the presence of transmit antenna power gain imbalance 6dB. 
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Figure 6. Layer shifting performance at speed 60km/h, target FER: 10% at 1st Tx (AGI=6dB)
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Figure 8. Layer shifting performance at speed 120km/h, target FER: 10% at 1st Tx (AGI=6dB)
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Figure 7. Layer shifting performance at speed 60km/h, target FER: 10% at 2nd Tx (AGI=6dB)
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Figure 9. Layer shifting performance at speed 120km/h, target FER: 10% at 2nd Tx (AGI=6dB)
From Figure 6 – Figure 9, one can see that in the presence of high Doppler, layer shifting always outperforms no layer shifting when the target termination is early.
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 with and with ACK bundling. Figure 10 – Figure 17 compare performance of these four options for the speed of 60km/h and 120km/h with and without antenna gain imbalance.    
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Figure 10. Layer shifting performance at speed 60km/h, target FER: 10% at 1st Tx (AGI=0dB)
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Figure 12. Layer shifting performance at speed 60km/h, target FER: 10% at 1st Tx (AGI=6dB)
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Figure 11. Layer shifting performance at speed 60km/h, target FER: 10% at 2nd Tx (AGI=0dB)
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Figure 13. Layer shifting performance at speed 60km/h target FER: 10% at 2nd Tx (AGI=6dB)
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Figure 14. Layer shifting performance at speed 120km/h, target FER: 10% at 1st Tx (AGI=0dB)
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Figure 16. Layer shifting performance at speed 120km/h, target FER: 10% at 1st Tx (AGI=6dB)
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Figure 15. Layer shifting performance at speed 120km/h, target FER: 10% at 2nd Tx (AGI=0dB)
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Figure 17. Layer shifting performance at speed 120km/h, target FER: 10% at 2nd Tx (AGI=6dB)
It is easy to see that, layer shifting with a single ACK/NACK always outperforms schemes without layer shifting when targeting early termination.
4
Conclusions 

In this contribution, we have further studied the performance of time-domain layer shifting for uplink SU-MIMO in LTE-A. Specifically, we considered a 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 analyzed the conventional layer shifting with MCS selection per codeword when non-linear (SIC) receiver is used. In principle the schemes with layer shifting are well suited to the desire to keep a single ACK feedback on the DL, and hence, avoiding revisiting the PHICH design for Rel-10. 

The following observations [3] 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 (consistent with the WF of last meeting)
· 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 when the target termination is early, which is the typical operating mode of closed-loop uplink SU-MIMO. 
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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Appendix: Link Adaptation Details

For each codeword, we have an outer loop running to control its termination statistics. Since these loops are running at the eNB side, spatial bundling of ACKs will not affect the outer loops. Some definitions are as follows:

AMC_offset: an offset used to determine the effective coding rate and modulation;

Target_FER: the targeted frame error rate at the targeted subpacket: Target_SubPacket;
StepSize: a step size used to update the AMC_Offset.
The following codes are called when a packet is terminated early or will be terminated late:

------------------------------------------------------------------------------------  
if ( CurrentSubPacket == Target_SubPacket && DecodingResult == Fail)

    AMC_offset = AMC_offset - StepSize;

  else if (CurrrentSupPacket <= Target_SubPacket && DecodingResult == Success)

AMC_offset= AMC_offset + StepSize*Target_FER/(1.0-Target_FER);
------------------------------------------------------------------------------------  
After AMC_Offset is updated when needed, assume the computed effective SINR for this codeword is [image: image19.png]


dB, then we use [image: image21.png](v + AMC_Offset)



dB look up the MCS table for appropriate coding rate and modulation order.
The MCS lookup table used in the simulation is as follows:
------------------------------------------------------------------------------------    
  #InfoBits/1000 Modulation Symbols, Modulate Order

  {80,        2},  //-10dB,  index=0  

  {104,       2},  // -9dB,  index=1

  {123,       2},  // -8dB,  index=2

  {152,       2},  // -7dB,  index=3

  {190,       2},  // -6dB,  index=4

  {244,       2},  // -5dB,  index=5

  {315,       2},  // -4dB,  index=6

  {406,       2},  // -3dB,  index=7

  {516,       2},  // -2dB,  index=8

  {645,       2},  // -1dB,  index=9

  {789,       2},  //  0dB,  index=10

  {945,       2},  //  1dB,  index=11

  {1111,      2},  //  2dB,  index=12

  {1280,      2},  //  3dB,  index=13

  {1340,      4},  //  4dB,  index=14

  {1590,      4},  //  5dB,  index=15

  {1836,      4},  //  6dB,  index=16

  {2086,      4},  //  7dB,  index=17

  {2340,      4},  //  8dB,  index=18

  {2602,      4},  //  9dB,  index=19

  {2666,      6},  // 10dB,  index=20

  {2959,      6},  // 11dB,  index=21

  {3258,      6},  // 12dB,  index=22

  {3568,      6},  // 13dB,  index=23

  {3902,      6},  // 14dB,  index=24

  {4242,      6},  // 15dB,  index=25

  {4582,      6},  // 16dB,  index=26

  {4904,      6},  // 17dB,  index=27

  {5197,      6},  // 18dB,  index=28

  {5420,      6},  // 19dB,  index=29

  {5555,      6},  // 20dB,  index=30
------------------------------------------------------------------------------------  
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