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Performance of 16-QAM Symbol Mapping

for Separately Turbo-Coded RLC PDU Blocks
1. Introduction 
The Modulation and Coding Schemes (MCSs) used in EGPRS are classified in three different MCS families, that are Family A, B, and C, consisting of different basic payload sizes. Through transmitting a different number of payload units within a 20 ms radio block duration, different code rates are achieved, resulting in different bits rates per time slot. In order to support link quality control (LQC) performed by link adaptation (LA) and incremental redundancy (IR), the proposal of higher order modulation and turbo codes (HOMTC) for future GERAN evolution has to consider independent channel coding of two RLC PDUs. 
Performance gains attained by a symbol mapping approach for turbo coded 16-QAM modulation were successfully demonstrated in [1] and [2] for downlink scenarios. In this contribution, we evaluate a performance of turbo coded 16-QAM symbol mapping over MCS-7/8/9 with burst mapping, where channel encoding of two RLC PDUs is separately performed by two turbo encoder.   

2. Transmit Architecture of MCS-7/8/9-T4-16QAM
When using MCS-7, MCS-8 and MCS-9, two RLC PDUs are transmitted within 20 ms. A downlink transmit architecture for MCS-7/8/9 with turbo coding and 16-QAM symbol mapping is shown in Figure 1, considering independent channel coding for the first PDU (PDU1) and the second PDU (PDU2). The families of MCSs differ in the amount of redundancy used for error correction, which determines accordingly the payload size. In the data coding chain of Figure 1, an MCS-7, MCS-8, or MCS-9 RLC/MAC block consists of 56, 68, or 74-octet payload, respectively. For error detection, each RLC PDU includes a CRC field. Upon reception of an RLC block, the receiver checks the CRC and determines if retransmission of the RLC block is necessary.   

   After insertion of the CRC, two RLC PDUs are separately encoded with the 1/3 turbo encoder. After rate matching where the systematic bits of turbo encoded data shall not be punctured, the resulting two turbo-coded PDUs, denoted by cPDU1 and cPDU2, contain the systematic bits and the parity bits. In the symbol mapping interleaver block, a serial-to-parallel (S/P) conversion performs bit separation for each cPDU, where cPDU1 is separated into {S1, P1} and cPDU2 is separated into {S2, P2}. The resulting bit streams of the S/P conversion are collected as follows:


S = {S1, S2}


P = {P1, P2}.
The two bit streams are fed into two identical interleavers described in [3], respectively, and the inerleavers yield the two interleaved bit streams, denoted by S* and P*. By a bit collection mechanism denoted by the P/S conversion, S* and P* are parallel-to-serial converted into a single entity. This results in a block of 1688 coded bit stream, regardless of MCS-7, MCS-8 or MCS-9. 
A block of 1856 coded bits, including precoded USF bits (36 bits), coded header bits (124 bits) and code identifier (8 bits), is mapped into four bursts, Bi (i=0,1,2,3), where each burst comprises 464 bits prepared for 16-QAM modulation. In burst mapping, a rule of priority-based bit allocation is kept as possible in order to achieve a performance gain of the symbol mapping. Four bursts are transmitted with 16-QAM modulation.

3. Performance Evaluation
In this contribution, error rate performances of MCS-7/8/9-T4-16QAM are evaluated through Monte Carlo simulations, where square 16-QAM modulation is employed. Figure 2, Figure 4 and Figure 6 show performance comparison of the simulated bit error rate (BER) and block error rate (BLER) of MCS-7/8/9 for a single turbo code (TC1) with symbol mapping and without symbol mapping, and for two separate turbo codes (TC2) with symbol mapping and without symbol mapping over AWGN channel. Alternatively, Figure 3, Figure 5 and Figure 7 show the corresponding performance comparison of the simulated bit error rate (BER) and block error rate (BLER) of MCS-7/8/9 over Rayleigh channel. 

   It can be noticed from the results that performance degradation of two separate turbo codes used for two RLC PDUs is distinct compared to the performance of a single turbo code used for them, because using two separate turbo codes shortens the size of coded blocks. Roughly speaking, the performance degradation is between 0.4 dB and 0.6 dB at both BER of 10-3 and  BLER of 10-2 over AWGN and Rayleigh channels. Table 1 summarizes the performance gains attained by applying symbol mapping to both the single turbo code and the two separate turbo codes used. Applying the symbol mapping method to independently turbo-coded RLC PDUs can achieve significant performance gain and compensate for the performance loss caused by two separate turbo codes used for two RLC PDUs.  
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Figure 1. Transmit architecture with MCS-7/8/9-T4-16QAM for downlink.

Table 1. Performance gain (in dB) with symbol mapping.
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	AWGN
	Rayleigh
	AWGN
	Rayleigh

	MCS-7
	Single TC
	~0.43
	~0.37
	~0.34
	~0.32

	
	Two TCs
	~0.70
	~0.65
	~0.60
	~0.50

	MCS-8
	Single TC
	~0.36
	~0.40
	~0.32
	~0.35

	
	Two TCs
	~0.48
	~0.60
	~0.40
	~0.50

	MCS-9
	Single TC
	~0.28
	~0.38
	~0.25
	~0.25

	
	Two TCs
	~0.4
	~0.50
	~0.37
	~0.45


4. Conclusion
In future GERAN evolution, the proposal of HOMTC has to be concerned about the link quality control (LQC) mechanism used for techniques to adapt the channel coding of the radio to the varying channel quality. The LQC is performed through link adaptation (LA) and incremental redundancy (IR) techniques. To support LA and IR, each RLC PDU used for MCS-7/8/9 needs independent channel coding. In this contribution, we evaluated the performance of turbo coded 16-QAM symbol mapping over MCS-7/8/9 with burst mapping, where two RLC PDUs are independently coded by the turbo encoder. It is concluded that the symbol mapping method can compensate for performance degradation caused by independent channel coding of two RLC PDUs.  

5. References
[1]
GP-060565, “Symbol Mapping of Turbo Coded Bits for 16-QAM Modulation,” San Jose del Cabo, Mexico, April 24~28, 2006, Source: Samsung.

[2]
AHGEV-060025, “Further Results for Turbo Coded 16-QAM Symbol Mapping,” Sophia Antipolis, France, May 25~26, 2006, Source: Samsung. 

[3]
3GPP TS 25.212 v7.0.0, “Multiplexing and Channel Coding (FDD),” March 2006.
[image: image4.emf]2.5 3 3.5 4 4.5 5 5.5

10

-5

10

-4

10

-3

10

-2

10

-1

MCS-7-T4-16QAM over AWGN

Eb/No (dB)

BER

TC2

TC1

SMP,TC2

SMP,TC1


(a) BER performance
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(b) BLER performance
Figure 2. BER and BLER performance of MCS-7-T4-16QAM over AWGN channel.
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(b) BLER performance

Figure 3. BER and BLER performance of MCS-7-T4-16QAM over Rayleigh channel.
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(b) BLER performance

Figure 4. BER and BLER performance of MCS-8-T4-16QAM over AWGN channel.
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(b) BLER performance

Figure 5. BER and BLER performance of MCS-8-T4-16QAM over Rayleigh channel.
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Figure 6. BER and BLER performance of MCS-9-T4-16QAM over AWGN channel.
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(b) BLER performance

Figure 7. BER and BLER performance of MCS-9-T4-16QAM over Rayleigh channel.
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