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1. Introduction
There has been extensive discussion on layer permutation for LTE downlink MIMO recently. One of the advantages of layer permutation is uplink feedback reduction. Early simulation results from Qualcomm [1] show layer permutation does not degrade performance when compared to PARC with full CQI feedback. However, simulation results from other companies [2-4] show that layer permutation causes noticeable degradation. It was therefore decided to further specify simulation parameters so that results from different companies can be compared and decision on the issue can be made.
In this paper, we compare link performance between two schemes for a 2x2 configuration: PARC without permutation, and precoding with permutation. A LMMSE receiver is considered in this paper; results for a SIC receiver will follow. It s found that with the same uplink feedback overhead, layer permutation with precoding offers better performance than PARC.
2. System Model
Figure 1 and Figure 2 show diagrams of a transmitter and receiver for a 2x2 MIMO system with precoding and layer permutation, respectively. Due to layer permutation, a single CQI value (5bits) is fed back from the UE to the eNodeB. The UE also feedbacks a 3-bit precoder index to the eNodeB. This brings the total uplink feedback amount to 8 bits.  For a fair comparison we use a full 5-bit CQI and a 3-bit differential CQI for PARC. As a reference we also evaluated performance of PARC with two full CQI feedbacks. In addition to CQI feedback, 1 bit ACK/NACK is sent back to Node-B every TTI.
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Figure 1. Transmitter Diagram of Precoding with layer permutation
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Figure 2. Receiver Diagram of a precoded MIMO system with layer permutation

Upon receiving CQI and NACK/ACK feedback, the eNodeB employs a slow outer control loop to maintain target BLER rate. In this loop CQI values are adjusted according to NACK/ACK values. 

A codebook with 8 entries is in the following form:
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3. Simulation parameters
Table 1 shows main simulation parameters. Table 2 shows the MCS table used in the simulation. 
Table 1. Simulation Parameters

	Issues
	Details

	MIMO Configuration
	2x2

	TTI length
	0.5 ms 

	Number of OFDM symbols per TTI
	5 (data) + 2 (pilot) 

	Transmission BW
	5MHz

	Available tones
	300

	FFT size
	512

	CP Length 
	Short

	RB size
	12 tones, 1 TTI

	Block size
	20 RBs

	HARQ
	None

	Target BLPER
	10%

	Channel estimation
	Real

	Uplink feedback overhead
	8 bits per RB

	Uplink feedback delay
	5 ms

	Carrier Frequency
	2.0 GHz

	Channel Model
	TU6, 3kmh

	Antenna Correlation (TX, RX)
	(0, 0)

	
	


Table 2. MCS table used in simulation

	MCS Index
	Coding Rate
	Modulation
	Info Bits/QAM

	0
	1/10
	2
	0.2

	1
	1/6
	2
	0.33

	2
	1/5
	2
	0.4

	3
	1/4
	2
	0.5

	4
	3/10
	2
	0.6

	5
	1/3
	2
	0.67

	6
	3/8
	2
	0.75

	7
	7/16
	2
	0.875

	8
	1/2
	2
	1

	9
	9/16
	2
	1.125

	10
	3/5
	2
	1.2

	11
	5/8
	2
	1.25

	12
	2/3
	2
	1.33

	13
	3/4
	2
	1.5

	14
	½
	4
	2

	15
	9/16
	4
	2.25

	16
	3/5
	4
	2.4

	17
	5/8
	4
	2.5

	18
	2/3
	4
	2.67

	19
	¾
	4
	3

	20
	5/6
	4
	3.33

	21
	7/8
	4
	3.5

	22
	3/5
	6
	3.6

	23
	5/8
	6
	3.75

	24
	2/3
	6
	4

	25
	11/16
	6
	4.125

	26
	3/4
	6
	4.5

	27
	13/16
	6
	4.875

	28
	5/6
	6
	5

	29
	7/8
	6
	5.25

	30
	15/16
	6
	5.625

	31
	1
	6
	6


4. Simulation Results
We first examine the effectiveness of the slow outer control loop. Figure 3 shows the actually achieved BLER rate after first transmission, when the target BLER is set to 10%. It can be seen the actual BLER is very tightly controlled due to the slow outer control loop. At 0 dB SNR, PARC has relatively high BLER; the reason may be that, in some channel conditions, even the lowest MCS cannot be supported for the weaker stream. With layer permutation, spatial diversity can be achieved combined with strong channel coding. Therefore, the target BLER can be achieved. 

Figure 4 shows spectral efficiency comparison between two schemes with an 8 bit uplink feedback budget. With layer permutation, since only one 5-bit CQI value is necessary, the 3 remaining bits are used to feed back the precoder index. With PARC, one full CQI and a 3-bit differential CQI is sent back to the eNodeB. As a reference, we also included results for PARC with two full CQI values, which require 10 bits uplink feedback.
It can be seen that, with 8 bits uplink feedback, precoding with layer permutation provides performance gain over PARC across all geometry ranges. At low geometry range the gain is around 0.6 dB. In the middle to high geometry range the gain can be as high as 1.6 dB. It can also be seen that, with PARC, scheme using two full CQI values does not provide noticeable improvement over the scheme that uses a full CQI and a differential CQI.
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Figure 3. Achieved BLER with a target of 10%
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Figure 4. Spectral Efficiency Comparison

5. Conclusions

In this contribution, we compared precoded MIMO with layer permutation with PARC without permutation. Due to layer permutation, precoding does not add an extra uplink feedback burden. Simulation results show improvement over PRAC in the range of 0.6 – 1.6 dB. Therefore, we recommend precoding with layer permutation over regular PARC.
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