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1 Introduction 
In the multiple codeword based MIMO schemes such as PARC-OSIC and S-VAP [1], it was 
proposed to use Layer Permutation (LP) to reduce the feedback overhead using differential 
feedback [2], [3], [4], and [5]. In this contribution we analyze effect of the LP on the multi 
codeword MIMO schemes such as PARC-OSIC and MMSE. 

2 Numerology, Simulation, and Channel Model 
Assumptions 

The simulation assumptions are as follows: 

LLS Parameter Details 
Channel Bandwidth 5 MHz. 

Sub-Frame Duration 0.5E-2 

Sub-Carrier-Spacing 15E3 Hz. 

Sampling Frequency (time-domain) 7.68E6 

FFT Size 512 

Useable Carriers 301 

TX/RX Antenna Configuration 2x2 MIMO 

PRB Used (25-Tones / PRB) 3 / 75 Tones 

Bandwidth Occupied 1.125 MHz. 

CP Length (µs/sample) - Short 4.69/36 x6, 5.21/40 x1 

Test Geometry (SNR) Throughput Simulations 0,5,10,15,20 

TTI – Coded Frame 0.5E-3 

DL Modulation QPSK, 16QAM, 64QAM 

Coding TURBO, R=1/3, Max Block Size = 5114 
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LLS Parameter Details 
Code Rates 0.33, 0.386, 0.438, 0.491, 0.544, 0.596, 

0.6493, 0.702, 0.754, 0.807 

INTER-TTI, for HARQ 6 

HARQ Processes 6 

MCS Feedback Delay 2-TTI 

Maximum Retransmissions 4 

HARQ Incremental Redundancy Per-Transmission 

Channel Estimation  Ideal 

Receiver Structures PARC-MMSE, PARC-OSIC, SCW-MMSE 
(RC-MMSE) 

Carrier Frequency 2GHz. 

Channel Model ITU-PED 

Doppler Frequency 5 Hz. 

TX Antenna Correlation Coefficient 0 

RX Antenna Correlation Coefficient 0 

 

3 Results and Discussion 
The following figures compare results of common receivers proposed for use in LTE with and 
without Layer Permutation: 

• 2x2 PER OSIC LP / NLP 
• 2x2 RC-MMSE LP / NLP 
• 2x2 PARC-MMSE LP / NLP 
• 2x2 PARC-MMSE NLP vs. RC-MMSE NLP 
• 2x2 PARC-OSIC LP vs. PARC-OSIC NLP 

The following definitions are used throughout. 
• PER – Packet Error Rate 
• RC – Rate Controlled (Single Modulation Coding Set) 
• OSIC – Ordered Successive Interference Cancellation (OSIC) 
• PARC – Per Antenna Rate Control 
• LP – Layered Permutation 
• NLP – No Layer Permutation 
• MCS – Modulation Coding Set (Modulation Order, Code Rate Pair) 
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Figure 1 shows PER is adversely affected by LP, results were generated for R=0.45 Code with 
16QAM modulation using 3 PRBs. 

 

Figure 1 2x2 PER OSIC LP vs. PER OSIC NLP 
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Figure 2 shows throughput results for single Modulation Coding Set (MCS) vs. two-MCS without 
Layer Permutation (LP).  The plot illustrates that Per Antenna Rate Control (PARC) yields 
significant gain over a single rate control (RC). 

 

 

Figure 2 2x2 PARC-MMSE NLP vs. RC-MMSE NLP 
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Figure 3 shows throughput results for PARC with and without LP.  The plot illustrates that a small 
loss on PARC is induced with LP, similarly to PER effect shown in Fig. 1 for OSIC based receiver. 

 

 

Figure 3 2x2 PARC-MMSE LP vs. PARC-MMSE NLP 
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Figure 4 shows throughput results where LP helps in the case of single MCS feedback (RC). 

 

Figure 4 2x2 RC-MMSE LP vs. RC-MMSE NLP 
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In Fig. 5 throughput results for PARC OSIC based receiver again show a small loss at high SNR for 
the LP based scheme. 

 

Figure 5 2x2 PARC-OSIC NLP vs. PARC-OSIC LP 
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In Fig. 6, we collect the plots from the previous comparisons for the MMSE Based receiver.  The 
Legend is as follows: 

• RC:MMSE-1MCS-LP  Rate Controlled (RC) Modulation, Single MCS, with Layer 
Permutation (LP) 

• PARC:MMSE-2MCS-LP  Per Antenna Rate Control (PARC), Two MCS, with Layer 
Permutation (LP) 

• PARC:MMSE-2MCS-NLP  Per Antenna Rate Control (PARC), Two MCS, without 
Layer Permutation (NLP) 

• RC:MMSE-1MCS-NLP  Rate Controlled (RC) Modulation, Single MCS, without Layer 
Permutation (NLP) 

 

 

Figure 6 2x2 MMSE Throughput 
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Figure 7 illustrates that LP has little effect on Multiple Code Word (MCW) type receivers that 
employ the PARC scheme.  The plots below show throughput for SCW-MMSE, PARC-MMSE, 
and PARC-OSIC.  For the PARC schemes, we simulate true PARC, and Layer Permutation. 

 

Figure 7 2x2 Throughput Results, Some of the Proposed LTE Based Receivers 
 

4 Conclusions and Further Discussion 
In this contribution, we showed link level PER and throughput results for different MCW receivers 
with LP and without LP. The results show that the LP has the following effect on the throughput 
performance of PARC-OSIC, and MCW PARC-MMSE receivers: 

 

• LP does help when a single rate control (MCS) is employed 

• LP yields PER loss for OSIC Type Receiver 

• LP yields throughput loss at high SNR in the presence of PARC-OSIC type receiver 

• LP yields a small throughput loss for PARC-MMSE type receiver 
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