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1. Introduction

To achieve the uplink (UL) peak data rate requirement in the LTE-Advanced (Rel-10) system, spatial multiplexing SU-MIMO is essential [1].  It was agreed in RAN1 meeting #56 in Athens [2] that there will be maximum two codewords (transport blocks); and the same codeword-to-layer mapping as in LTE Rel-8 downlink (DL) will be used in LTE-A UL MIMO. It was further decided in the RAN1 meeting #56bis in Seoul that each transport block will have its own MCS level [5]. Two operating modes are proposed for further study: 
· With ACK/NACK spatial bundling and layer shifting. and
· Without ACK/NACK spatial bundling and no layer shifting.
It is widely accepted in the past few RAN1 meetings that a more advanced MIMO receiver, such as turbo-successive-interference-cancellation (Turbo-SIC) receiver, could be considered feasible and used at the eNB in LTE-A to enhance UL performance. Also, the layer shifting technique has been widely discussed for use in LTE downlink and now in LTE-A uplink as well. It is commonly understood that these techniques cause SNR averaging between different layers and, therefore, bring enhanced performance, in particular for MMSE-type receivers in non-link-adaptation mode or in medium to high mobility situation. However, if SIC-type receivers are used, layer shifting may not provide much additional gain over that of the MMSE receiver. 

In this contribution, we will show that, by introducing imbalanced MCS between two codewords even with layer shifting, the Turbo-SIC receiver could still provide non-negligible performance improvement over an MMSE receiver. We also show some results on the performance of the two operating modes by link-level simulations.
2. Imbalanced MCS for UL with layer shifting
For Turbo-SIC MIMO receivers, it is desirable detect and decode the more reliable codeword first. By including a channel decoder into the SIC process, the detection performance of Turbo-SIC for each codeword not only depends on the channel condition, but also on the MCS of each codeword. With layer shifting being introduced in LTE-A UL, the channel condition for each layer tends to be similar. If the MCS chosen for each codeword is the same, or the same target block error rate is set for each codeword in link adaptation mode, all codewords could have the same block error probability. In this case, a different detection order does not impact link performance. By assigning a more conservative or a more aggressive MCS to each codeword, the performance of Turbo-SIC MIMO receiver in layer shifting mode can be improved. 

In this section, simulations are conducted to evaluate the effectiveness of the Turbo-SIC MIMO receiver with imbalanced MCS in layer shifting mode. No ACK/NACK spatial bundling is considered in this section. The common simulation assumptions and parameters are summarized in Table 1 in the appendix.
Figure 1 shows the performance of the Turbo-SIC receiver with different coding rates and imbalance factors versus the MMSE receiver, for UL MIMO with layer shifting. The channel model is ETU with UE speed of 3 kmph. In this simulation, the modulation orders of the two codewords are kept the same, while the coding rates are different to achieve imbalanced MCS.

Three groups of curves are shown in the figure with the left-hand side group of the curves use QPSK modulation, while the middle group of the curves use 16-QAM, and the right-hand side group of the curves use 64-QAM.  With imbalanced MCS, one codeword will have lower coding rate than average rate, while the other will have higher coding rate; with the average coding rate of both is fixed to 1/2. The level of MCS imbalance is indicated by the imbalance factor. In Figure 1, using IMBF20 as an example, 20 as of imbalance factor means lower code rate is 20% lower than the average code rate while higher code rate is 20% higher than the average code rate.

It can be seen in Figure 1 that in layer-shifting mode, without imbalanced MCS, the Turbo-SIC receiver has slightly more than 1 dB gain over the linear MMSE receiver. However, with imbalanced MCS, the Turbo-SIC receiver can outperform the MMSE receiver from about 2.5 dB to 4 dB.

It also can be observed from Figure 1 that for lower SNR and modulation order, a relatively low imbalance factor is better than a high imbalance factor. For the high SNR and modulation order, a higher imbalance factor can bring more gain. However, an imbalance factor of 20 (+/-20% coding rate offset) seems to be a close-to-optimal overall imbalance factor for QPSK, 16-QAM and 64-QAM modulations.

Figure 2 shows the performance of a Turbo-SIC receiver with imbalanced MCS using different channel models. The same conclusion can be made from this figure that properly imbalanced MCS can greatly improve the performance of Turbo-SIC receiver in layer shifting mode.
Figure 3 shows the throughput envelope of fixed MCS for MMSE, Turbo-SIC without imbalanced MCS, and Turbo-SIC with +/-20% imbalanced coding rate. The envelopes are taken from QPSK, 16-QAM, and 64-QAM, and with coding rates of 1/3, 1/2, 2/3 and 3/4 for each modulation scheme, depending on the SNR. The results are similar to those in Figure 1.
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Figure 1. Performance comparison with different imbalance factors for ETU3.
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Figure 2. Performance comparison with different imbalance factors: the top left plot is for an ETU40 channel; the top right plot is for an EPA40 channel; and the bottom plot is for an EVA40 channel.
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Figure 3. Throughput envelope with fixed MCS.
Figure 4 shows the performance of imbalanced MCS with link adaptation. A link adaptation that targeted of approximately 10% initial BLER is used in the simulation and the number of blocks in this simulation is 50000. The imbalanced MCS could be applied as follows:

1. In case of layer shifting, two MCS are chosen whose difference corresponds to one level of CQI index difference. 
2. In case of no layer shifting, one MCS is chosen to be more conservative and the other is chosen to be more aggressive, their difference is increased by one additional CQI index level compared with the original MCS values when no such imbalanced MCS is applied. 
It can be observed from this figure that with layer shifting, the throughput performances have a very small degradation as compared to those with no layer shifting. In the SNR range of most interest (+5 dB to +20 dB), the Turbo-SIC without imbalanced MCS has about a 10% performance gain over that of the MMSE receiver while, when employing imbalanced MCS, a Turbo-SIC receiver could improve throughput by about  20%.


[image: image4]
Figure 4. Turbo-SIC throughput performance with link adaptation

3. ACK/NACK spatial bundling

In this section, simulations results are provided to examine the performance of an MMSE receiver and a Turbo-SIC receiver in the two MIMO modes:  without ACK/NACK spatial bundling and no layer shifting, and with ACK/NACK spatial bundling and layer-shifting. 

Figure 5 shows the throughput performance of the MMSE and Turbo-SIC receivers with fixed MCS in ETU30 channel. Note that imbalanced MCS are applied in Turbo-SIC receiver case. Several observations can be obtained from this figure.
· For an MMSE receiver, the best performance is achieved in the mode with layer shifting and without spatial ACK/NACK bundling; but the mode with layer shifting and with spatial bundling performs nearly as well. This mode performs better than the mode without layer shifting and without spatial bundling.

· For a Turbo-SIC receiver, the performance of the mode with spatial bundling is very close to the performance of the corresponding mode without spatial bundling.
· It also can be found in this figure that the mode with layer shifting outperforms the mode without layer shifting.

Figure 6 shows the performance of an MMSE receiver and a Turbo-SIC receiver in link-adaptation mode. Several thinks can be observed from this figure.
· In the 3 kmph UE speed situation, both MMSE and Turbo-SIC perform the best in mode without layer shifting and without spatial bundling. However, the performance difference compared to the mode with layer shifting and with spatial bundling is very small, especially for the Turbo-SIC receiver.
· In the 30 kmph UE speed situation, both the MMSE receiver and the Turbo-SIC receiver perform the best with layer shifting and without spatial bundling. However, the performance difference compared to the mode with spatial bundling is small. Especially for Turbo-SIC, where there is almost no performance difference. Layer shifting introduces one more domain of diversity and makes link adaptation more robust for medium UE speed scenarios.
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Figure 5. Throughput performance envelope with fixed MCS. The plot on the left is for an MMSE receiver, the plot on the right is for a Turbo-SIC receiver.
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Figure 6. Throughput performance in link adaptation mode. The plot on the left is for an MMSE receiver, the plot on the right is for a Turbo-SIC receiver.

4. Conclusions
In this contribution we discuss the benefits of MCS imbalance between two codewords (transport blocks). Simulation results show that, when SIC-type receiver is implemented in an LTE-A eNB, the performance of uplink MIMO could be further enhanced by up to 20% over that of a MMSE receiver if imbalanced MCS is applied. Such benefits could be seen with and without layer shifting. In the uplink, an imbalanced MCS mechanism could be implemented by the eNB when SIC-type of receivers are employed and could be applicable for both SU-MIMO and MU-MIMO. In the LTE downlink, imbalanced MCS mechanisms could also be used to enhance performance if an SIC-type receiver is used at UE. Furthermore, it might also be beneficial for the eNB to have knowledge of UE receiver type so that it may decide to apply these mechanisms accordingly. 
Simulations were conducted to evaluate the two modes proposed for FFS at the last RAN1 meeting. Two observations were made.
· In fixed MCS mode (no link adaptation), layer shifting and with spatial bundling outperforms the mode without layer shifting and without spatial bundling for ETU30 channel. This is the case for both MMSE receiver and Turbo-SIC receivers.
· In link adaptation mode, the mode without layer shifting and without spatial bundling performs slightly better than the other modes at low UE speeds. However, at medium and high UE speeds, the mode with layer shifting and spatial bundling seems to perform better.
We feel it could be more appropriate to maintain both modes at this stage. Further study may be needed if a decision has to be made to maintain only one of the modes. 
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Appendix – simulation assumptions

The common simulation assumptions or parameters are summarized in Table 1.

Table 1. Common link-level simulation parameters
	Parameter 
	Value

	Physical Channel
	PUSCH

	System bandwidth
	10 MHz

	Cyclic Prefix
	Normal

	Scheduling bandwidth
	5 RBs

	Number of Tx antennas
	2

	Number of Rx antennas
	2

	Antenna correlation
	Low

	Modulation
	QPSK, 16-QAM, 64-QAM

	Coding rate
	1/3, 1/2, 2/3, or adaptive

	Link adaptation
	Real, target initial Tx BLER<10%

	HARQ retransmission
	No

	PMI feedback time
	6 ms

	Precoding matrix book
	Rel-8 DL codebook

	Receiver type
	MMSE, hard Turbo-SIC

	Channel and noise estimation
	Ideal

	Channel model
	ETU

	Turbo channel decoder
	MAX-LOG

	Turbo channel decoder iteration
	8

	UE velocity
	3 kmph, 30 kmph

	Layer shifting
	SC-FDM symbol level
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