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1 Introduction

To achieve a high reliability in digital transmission systems ARQ (Automatic Repeat Request) and HARQ (Hybrid Automatic Repeat Request) schemes are used especially for data communication where nearly error free reception is needed. Therefore the information is protected by an error detecting block code and in case of an incorrectly received information block a retransmission is triggered. Drawback is the substantially decreased throughput, because of a possible large number of retransmissions for low signal to noise ratios. 

In this paper different schemes proposed for HSDPA are discussed considering mainly performance and complexity aspects. Since the performance of the HARQ scheme as well depends on the higher order modulation properties, the modulation is treated in Chapter 3. Furthermore, we need to have a thorough look at the adaptive coding scheme and the link adaptation technique to trade off possible system improvement versus complexity.

2 HARQ Schemes

Usually data transmission systems use a combination of forward error correction (FEC) and ARQ named HARQ. This type of scheme was first proposed by Wozencraft and Horstein in 1960 [1] and is nowadays referred to as HARQ type I scheme. Depending on the FEC coding scheme a further categorization into schemes based on block coding (e.g. BCH or RS codes) employing hard decision decoding and schemes based on convolutional coding or turbo coding using soft decision decoding, can be done. To compensate the drawback of pure ARQ and hybrid type I ARQ schemes which discard erroneous received packets, in the past a lot of studies have been done on packet or code combining systems. In 1985 such a system was first discussed by Chase [2]. Many HARQ schemes employ constant coding rates suitable for static channels. More flexible systems, which exploit the channel capacity more effectively, are the hybrid type II ARQ schemes that adjust the amount of redundancy bits for error correction to match different requirements under dynamic channel conditions. Currently beside rate compatible punctured convolutional codes, rate compatible turbo codes are known as one of the most appropriate alternatives for providing adaptive channel coding applied in HARQ type II schemes. HARQ type II schemes are characterized by non self-decodable retransmissions and are referred to as full incremental redundancy schemes (IR). Contrary transmission and retransmissions are self-decodable for HARQ type III schemes or so-called partial IR schemes.

At this stage there are mainly three different HARQ schemes for HSDPA (Chase, IR and partial IR) under discussion within 3GPP RAN WG1. Chase combining (CC) which just repeats the identical data in case of a retransmission requires the lowest effort. The combining is a simple accumulation operation of the received symbols weighted by an estimated SNR.

For HARQ type II and III a combining based on a symbol by symbol approach is not possible since the content of transmission and retransmissions is different. Both approaches are more complex than a simple CC scheme. They require additional buffer, a higher signal processing effort and additional signaling. Compared to the static approach of re-transmitting the initial transmission identically type II and III schemes offer more flexibility to adapt to dynamic channel conditions. However we have to keep in mind that for HSDPA the MCS selection is responsible for the link adaptation.

3 Modulation 

To cope with the demand of high data rates for multimedia services and the need for spectrally efficient communication, multi level signals such as 16-QAM and 64-QAM modulation together with adaptive transmission schemes are investigated for HSDPA. In the following the BER for 16-QAM is calculated for AWGN. As described in [3] for 16-QAM the first and third bit is passed to the inphase component and the second and forth bit is passed to the quadrature component. Later the inphase and quadature streams are encoded using a Gray-Code by assigning the bits 01,00,10,11 to the levels 3d,d,-d,-3d. In the BER calculation we will compute the BER for most significant (MSB) and least significant (LSB) bits separately. MSB refers to the left and LSB to right bit.
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Figure 1: Constellation diagram (16-QAM)

In Figure 1 the decision region boundaries for the MSB and LSB are shown. Since they are symmetrical the results for the inphase and quadrature plane are the same. As can easily be seen the BER for 16-QAM MSB can be expressed as follows:
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Equally the BER for the LSB is given by:
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assuming 
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As discussed already in several documents the different reliability of MSB and LSB transmission somewhat effects the performance of the FEC turbo code. For example a different mapping of systematic and parity bits (SMP-Method) on most or least significant bits leads to distinctions of the block error rate performance of about 0.2 dB as shown in [9]. Figure 2 shows the BER of a 16-QAM transmission system over AWGN assuming no error and an error of 10% for amplitude estimation.
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                  Figure 2: BER for 16-QAM (AWGN-Channel)

The curves show a performance degradation caused by a realistic amplitude estimation, which leads to a magnification of  the difference between the bit error rate curves for MSB and LSB. Even for high SNR the curves do not converge due to the amplitude error. An impact on the performance of SMP has not been investigated up to now and needs to be checked.

4 Bit Mapping

Since the proposed higher order modulation schemes have bits with different reliability, proposals were made by different companies to reduce this effect or to attune the FEC coding schemes by mapping different classes of bits adequate to their “importance” onto high or low reliable positions within the modulation. In [5] it is proposed to mitigate this effect using a so-called “Signal Constellation Rearrangement”, which basically leads to an averaged reliability for all bits in case of multiple retransmissions. Therefore an explicit new mapping rule is required for the different retransmission numbers.

Gains in the same order of magnitude can be reached by simply adapting the Release 99 rate matching algorithm (RM) for HSDPA [6]. For each transmission varying initial values for the RM error variable are used. Different bits are punctured or repeated and as a result the bit-to-symbol mapping is different for each retransmission. Block error rate simulations for 16-QAM and R=1/2 show 1.3 dB gain for the first retransmission and 2.1 dB gain for the second retransmission with respect to Chase combining (CC).
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Figure 3: Throughput comparison for MCS level 5 [6]

Similar to changing the rate matching pattern by varying an offset value controlled e.g. by the SFN a further alternative is to vary interleaver patterns.

	Method
	Symbol Combining  
	Gain of initial transmission
	Gain of first retransmission
	Source

	Symbol Mapping based on Priority (SMP)  
	Yes
	0.2 dB
	( 0.3 dB
	[9]

	Signal Constellation Rearrangement
	No
	0.0 dB
	( 1.0 dB
	[5]

	Adaptation of Rate Matching
	No
	0.0 dB
	1.3 dB
	[6]

	Interleaver Variation
	No
	0.0 dB
	1.0-1.5 dB
	[10]


                                       Table 1: Comparison of bit mapping techniques

Table 1 depicts the properties of different bit mapping schemes currently discussed in WG 1. The gain after initial transmission and retransmission is compared to the conventional Chase combining method.

5 Variable TTI Length

For simple CC schemes a fixed TTI length is appropriate since identical data is repeated and no adaptation on channel conditions beside possible scheduling operations is realized. The issue is somehow more complex when investigating other HARQ type II and III schemes. The repeated incremental redundancy data and the number of bits to transmit in order to adjust the HARQ scheme on the channel conditions needs to be adapted depending on the quality of the initially received data and the current channel conditions. This can be realized in a scheme with fixed TTI by the MCS selection which determines the code block size. In a variable TTI approach the duration of the transmissions can be varied. This is called dynamic variation of TTI length and a way to adapt the energy of retransmissions. However additional signaling will be needed, causing some degradation and the complexity issues have to be weighted against performance enhancements thoroughly.

6 Performance

As shown in Table 1 the performance gain after the first retransmission is in the range of about 1.0-1.5 dB depending on the chosen solution. But since the block error rate curves are steep and separated by approximately 3 dB, as depicted in Figure 4, it is not obvious whether this link level performance gain at fixed MCS level will improve the system performance significantly.
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Figure 4: Performance MCS 5 (AWGN) Chase and RM offset variation method [6]

We must be very careful, because the above stated gain is only utilizable, if there is a high channel variance corresponding to high velocities where the channel adaptation is worse, but the channel estimation is sufficient as shown in [7]. Contrary the proposed SMP method gains already during initial transmission and is applicable for symbol level chase combining as well as for IR techniques. However the gain is very small as depicted in Table 1 (( 0.2 dB).

CC enables the use of combining at symbol level which was shown in [8] to be roughly 0.3-0.5 dB better than the accumulation after demodulation. Additionally it keeps the memory requirements for a specific data rate service low and also somewhat reduces the computational complexity.

7 Conclusion

As show above the specific issues are strongly interwoven with each other and it is not reasonable to make any decisions regarding a special issue, without considering the others.

Even though IR schemes show a significantly better link level performance, specifically for high channel coding rates and high modulation orders, the resulting throughput enhancement will be small, especially if the modulation and coding scheme is adapted properly based on channel quality estimates. This seems to be the case in particular for low and medium velocities, for which HSDPA shall be optimized. Consequently the resulting performance enhancements seem not to justify the huge expenditure for IR and dynamic variable TTI techniques in terms of additional signaling, larger memory requirements and a higher complexity. Also pure CC schemes need some more investigations e.g. regarding the inclusion of the rate matching functionality or the realization of a special bitmapping procedure. Such kind of investigations should be done after a decision concerning the general HARQ technique.
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