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1 Introduction

This document presents our view on LTE multiplexing and channel coding aspects. Main focus are the coding, rate matching, HARQ with incremental redundancy (IR) and interleaving. To support higher order modulation in the uplink efficiently, constellation rearrangement is introduced taken basically from the HSDPA coding chain. For IR and high coding rates the rate matching is further adapted to efficiently deal with high coding rates. In chapter 3 the concept is verified. Simulation results for cr=2/3 and 3/4 with QPSK and 16 QAM are shown, which outperform HSDPA/EUL. MIMO aspects are deliberately left out of consideration, as the precise MIMO multiplexing is not yet agreed.
2 LTE Physical Layer
2.1 CRC Attachment

To detect decoding errors in the receiver a checksum is appended to the higher layer data blocks in the first step of the physical layer processing. The checksum is generated by using specific CRC polynomials and the error detection strength depends on the degree of its key polynomial and the specific key polynomial used. For pre-Rel-5 UMTS different numbers of CRC bits are used (8, 12, 16 and 24) and HSDPA/EUL always appends 24 CRC bits. The 24 bit CRC should be a base line assumption for LTE shared data channels.
2.2 Channel Coding

The code blocks of the LTE shared data channel are delivered to the channel coding block and turbo coding is applied. As baseline, the UMTS turbo encoder is used, with the mother code rate of 1/3. To obtain lower coding rates, repetition is used. The alternative of introducing a lower mother coding rate should, in our view, be avoided, as performance improvements are very small [1] while the complexity is significantly increased. Thus, we reuse in this contribution the R99 turbo code.

The turbo internal interleaver is a matrix with 5, 10 or 20 rows and between 8 and 256 columns depending on the size of the input words. The structure is relatively complex and performance optimized. However, to aid parallel processing, the introduction of a contention free interleaver could be beneficial. That said, any interleaver re-design should not adversely affect the link performance. In addition, it should not imply changes to other parts of the coding and multiplexing chain.
Since the performance of a turbo code improves with increasing the number of input data bits but the memory and processing time constraints increase it was decided for R99 to constrain the number of bits to 5114. Some investigation might be needed regarding the upper limit for LTE; increasing the maximum code block size to approximately 12000 bits to better match the IP packet size and avoid the segmentation penalty seems attractive.
2.3 Hybrid ARQ and Rate Matching

The LTE bit separation process can be taken from HSDPA as described in section 4.5.4 of [2]. Due to more advanced scheduling, orthogonal modulation and interference mitigation techniques, it is expected that it will be more often possible to utilize high coding rates, therefore in LTE it is important to use an adequate succession of transmissions for both low and high coding rates. The highest rates also will be valuable for consistently achieving the highest peak data rates. Therefore, we propose that the HSDPA rate matching be taken as baseline for LTE, with some adaptation for highest performance at high coding rates.
2.4 Bit Collection and Constellation Rearrangement

UMTS uses two approaches for bit collection. Only the HSDPA bit collection allows constellation priority mapping (and subsequently constellation rearrangement), the latter is unnecessary for R99 and EDCH, where only QPSK is used and there are no different bit priorities in the modulation.
For LTE higher order modulations have been agreed already in both up- and downlink including 16QAM and 64 QAM (and, if needed, to 8PSK), mandating that bit collection must support them as well.

The HSDPA approach currently is restricted to 16QAM. It is easy, though, to extend it to 64QAM which has 3 different bit priority classes with three different reliabilities. All that has to be done is to extend the number of rows from 4 to 6.

Constellation re-arrangement is actually done further down the coding chain in HSDPA, i.e. after interleaving, but is described here due its functional relation to bit collection. The latter allocates important bits (systematic bits) preferably to higher reliable constellation positions and vice versa. However, if this is perpetuated for retransmissions, the important bits accumulate more and more advantage compared to the “unimportant” ones, and this eventually causes that they get an over proportional reliability advantage that exceeds their actual importance. Constellation re-arrangement combats this by reshuffling the initial allocation after bit collection for retransmissions thus achieving a more even distribution of reliabilities. Due to the three reliability classes of 64QAM there are even more possibilities available to select re mappings of bits than in HSDPA.
As a secondary functionality, constellation re-arrangement does also invert logical values of least significant bits in the constellation, because the reliabilities of the bits of one class to some degree depend on the actual value of the other ones. The inversion helps by levelling out such fine reliability differences. This becomes only relevant in case the same redundancy version and the same priority mapping is used for a second time and may therefore be less decisive for 64QAM where there are already more possibilities for applying re-mapping alone.
2.5 Interleaving

For interleaving UMTS offers also two possibilities, one for R99 and EDCH and another one for HSDPA. Only the latter one is compatible with constellation mapping and re-arrangement, by conserving the mapping of bits to different classes. This is achieved by operating two interleavers in parallel, one for each class. The same principle can be applied to LTE, but has to be extended to three parallel interleavers for the modulations with three classes. 
3 Simulation Results

In this section, the described concept is verified and simulation results for rate=2/3 and 3/4 with QPSK and 16 QAM are shown. The simulations for the 16-QAM reference curves were obtained using the HSDPA RV index sequence {0,6,2,7}, and for QPSK using the RV index sequence defined for EUL. The waterfall curves shown correspond to 4 HARQ transmissions: black denotes the 1st transmission, blue denotes the 2nd transmission, red denotes the 3rd transmission BLER and magenta denotes the 4th transmission BLER. More details on the simulation parameters are given in the following table and the annex.
	Parameter
	Value
	Comment

	channel
	Static
	

	channel estimation
	Perfect
	

	Transport block size (TBS)
	[1252, 1412]

[2532, 2852]
	[QPSK]

[16-QAM]

	CRC length (bits)
	24
	

	TTI duration
	1 ms

(2 subframes)
	QPSK: 1920 bits (960 symbols)

16-QAM: 3840 bits (1920 symbols)


Table 1: Simulation Parameters
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Figure 1: LTE multiplexing and channel coding (QPSK, rate=2/3)
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Figure 2: LTE multiplexing and channel coding (QPSK, rate=3/4)
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Figure 3: LTE multiplexing and channel coding (16QAM, rate=2/3)
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Figure 4: LTE multiplexing and channel coding (16QAM, rate=3/4)
4 Conclusion

In this contribution, we presented our view on the LTE multiplexing and channel coding chain. In particular, we are confident that several building blocks from UMTS can be adequately reused for LTE, partly after some adaptation to the new framework conditions including higher order modulation, higher importance of higher data rates and coding rates and larger block sizes. Reusing the signalling concept of HSDPA i.e. joint signalling of all the relevant redundancy version and constellation rearrangement parameters can help reducing the signalling overhead for LTE as well.
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Annex

In the simulations we assume that we have a similar signalling philosophy for LTE as for EUL and signal the necessary HARQ related settings with a minimum amount of bits by reusing the RSN concept. The applied parameters are shown in the following. However, contrary to HSDPA/EUL for LTE the Node B may be given the power to overwrite these default sequences by appropriate signalling.
	RSN Value
	Nsys / Ndata ≤ 1/2
	1/2 < Nsys / Ndata ≤ 3/4
	Nsys / Ndata >3/4

	
	RV Index
	RV Index
	RV Index

	0
	0
	0
	0

	1
	2
	1
	1

	2
	0
	2
	3

	3
	[ (TTIN/NARQ( mod 2 ] x 2
	(TTIN/NARQ( mod 4
	(TTIN/NARQ( mod 4


Table 1: Mapping of RSN value and RV Index for QPSK. The RV parameters should be interpreted in the same manner as for EUL.
	RV Index
	s
	r
	b

	0
	1
	0
	0

	1
	0
	0
	1

	2
	1
	1
	1

	3
	0
	1
	0

	4
	1
	0
	1

	5
	1
	1
	0

	6
	0
	1
	1

	7
	0
	0
	0


Table 2: 16-QAM RV parameters

	RSN Value
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	RV Index
	RV Index
	RV Index
	RV Index

	0
	0
	0
	0
	0

	1
	2
	1
	1
	6

	2
	4
	4
	4
	7

	3
	5
	5
	2
	2


Table 3: Mapping of RSN value and RV Index for 16-QAM LTE

The parameter eplus, eminus and eini are calculated with the general method as described in 4.5.4.3 of [2] with the exceptions described below and


Nsys = Np1 = Np2 = Ne,j/3


Ndata = Ne,data,j

rmax = 2

For a transmission that prioritises non systematic bits and if 
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 the values given in the following table are used for both QPSK and 16-QAM:

	
	CASE I: 
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Table 4: Parameters for HARQ, rate matching for s=0
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