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Considerations of Designing Training Sequence Codes
for Higher Order Modulations
1. Introduction 
   For uplink performance enhancement of GERAN evolution a work item, Higher Uplink performance for GERAN Evolution (HUGE) was approved in the GERAN#31 meeting [1]. A main characteristic of the HUGE work item is the introduction of higher order modulation schemes, i.e. 16-QAM and 32-QAM, for performance enhancement. MS receiver (or BTS) will require training sequence codes (TSCs) for two newly accepted higher order modulation methods in order to estimate channel impulse response. 
   TSCs and TSC-based channel estimation which is performed before equalization are a critical factor to the receiver performance. For example, the quality of channel estimates affects data error rate performance such as bit error rate and block error rate. Appropriate TSC design is also essential for burst-wise identification of the dominant interferer which is required in frequency hopping network where the interference in consecutive bursts is independent. Furthermore, the selection of TSC has a significant influence on IQ gain/phase errors. These errors affect bit error rate performance of the receiver. 
   In this contribution, we will discuss some considerations taken into account for designing TSCs for higher order modulations.

2. Training Sequence Codes and Channel Estimation
   Mobile radio systems have to rely on binary training sequence codes, e.g. GSM (Global System for Mobile Communications) and UMTS (Universal Mobile Telecommunication System). These training sequences and the corresponding modulation schemes are usually designed to have constant envelope and autocorrelation functions that are either zero at positions aside the main lobe or that are zero in several places close to the main lobe and, at the same time, non-zero at positions with larger displacement, or that are close to zero in all positions aside from the main lobe. Such training sequences are either CAZAC (Constant Amplitude Zero Autocorrelation Code) sequences or near-CAZAC sequences. Some schemes, e.g. IEEE 802.15 use 4-phase CAZAC sequences, mapped onto QPSK (Quaternary Phase Shift Keying) constellations. In the following subsections, we discuss two conventional schemes of training sequence codes (TSCs) design. 
2.1 GSM Training Sequence Codes
   GSM, eight different sets of cyclic TSCs, consisting of twenty-six bits, are deployed in the traffic channels (TCHs) for the normal burst transmission. Let the vector 
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denote a particular TSC, consisting of the twenty-six bits (
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). The twenty-six bits contain basic codes of 16 bits in their center which are preceded by a copy of the five last bits out of the 16 bits and which are succeeded by a copy of the first five bits of the sixteen bits. Let 
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denote a particular basic code. With (1)

 becomes
(2)

, equation 
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The autocorrelations 
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of these training sequences are equal to one at the main lobe and zero at least for the displacement positions 
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 equal to 
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. Therefore, up to six channel taps sampled w.r.t. the bit period can be estimated with a simple correlator without having to deploy a full maximum-likelihood (ML) estimation schemes. Let 
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denote the received vector which is synchronous with the training sequence, i.e. for instance 
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r

 is the first sample effected by and 
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. Due to the autocorrelation property described above, the estimated channel impulse response can be 

[image: image13.wmf]$

16

5

1

1

,0,1,,5

16

l

nnl

n

hbrl

++

=

=×=

å

L





(6)

which is an ML estimate.

2.2 TD-CDMA Training Sequence Codes 
   The establishment of binary TSCs for TD-CDMA has been laid down in [2]. The generation principle according to Steiner [2] shall be given as follows.  Let 
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 be the number of samples contained in the received vector 
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,  which are solely dependent on the generally complex-
valued midamble 
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 being the maximum number of users being simultaneously active at the same carrier frequency and in the same time slot. Furthermore, let 
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 be the number of unknown channel parameters, i.e. samples contained in the channel impulse response. In general, let the midamble be 
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where 
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 being 26 in the case of GSM. Now, let the 
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and the 
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The SNR (signal-to-noise ratio) degradation can be defined as follows 
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Now, the optimization strategy of Steiner can be sketched as follows: 
· Step 1: Set out from an arbitrary chosen midamble code 
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 being the maximum number of users being simultaneously active at the same carrier frequency and in the same time slot. The midamble chip 
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, is taken from the symbol alphabet 
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, e.g. from a 16/32-ary symbol alphabet. 

· Step 2: Compute the SNR degradation 
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· Step 3: Select 
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 and choose a different realization of it. Then, compute the SNR degradation, again. Redo this step until all possible realizations of 
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 have been tested. Store that particular midamble code with that particular realization of 
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 with the smallest SNR degradation. 

· Step 4: Continue Step 3 until an exhaustive search has been done for all 
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    The basic idea is first to search for a binary cyclic basic code with the lowest possible signal-to-noise ratio (SNR) degradation and then to generate the user-specific midambles by defining appropriate sections of a repeated version of this cyclic basic code. Owing to the large number of midamble chips, i.e. training sequence bits, a creation of CAZAC sequences, which would be characterized by a zero SNR degradation, has not been possible so far. Nevertheless, the UTRA TDD midamble codes were generated by using Steiner’s approach. Since the selected sequences are not CAZAC, a ML channel estimator has to be deployed using a zero-forcing type structure.
3. Considerations for Designing TSCs for 16/32-QAM 
   The design of 16/32-QAM alphabets must be conducted. The conventional schemes can be applied to GERAN Evolution in the following ways:

· Use the training sequences and the corresponding channel estimation schemes as they currently are. This does not require any change and it is not new.

· Map the training sequences to 16/32-QAM modulation alphabets. This approach may lead to the penalty of varying amplitudes without any further performance gain, in particular in the case of CAZAC sequences. 

· Modify Steiner’s algorithm to generate non-binary, e.g. 16/32-ary, cyclic basic codes. This scheme has the potential to reduce the SNR degradation and it is also a viable approach for the active reduction of intra- and inter-cell interference because it allows a pragmatic generation of multi-user midambles.

Some considerations detailed below must be taken into account as criteria in finding suboptimal TSCs for 16/32-ary modulations
3.1 Autocorrelation [3]
   In finding basic code sets, low autocorrelation property must be considered, but the sets having the worst cross-correlation properties must be excluded as will be explained below. The basic code sequences have to be optimized by their autocorrelation function.    
3.2 Cross-correlation
   Let us consider a scenario where there are multiple users in the same cell. Since both the useful and the interfering signal arrive at the MS from the same BTS, bursts will completely overlap. In order to enable identification and estimation of different channels for each user, it is necessary that each user uses different TSCs. In case the TSCs are orthogonal, i.e. 
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, channel estimates of both users will not be influenced by the other user’s channel, but by noise only. Pairs of users operating in the same timeslot of the same cell should be assigned pairs of TSCs which have vanishing cross-correlation. However, current GSM TSCs suffer from the non-zero cross-correlation. In [4], the authors reported that only four pairs are orthogonal among 28 possible pairs. These pairs are: {0,2}, {0,7}, {1,3} and {3,4}. Therefore, cross-correlation property can be an important criterion to find basic codes sets of higher order modulations.     
3.3 SNR Degradation
   The SNR degradation at the data detector output due to the presence of channel estimation errors can be represented as [2]
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(11)
This criterion indicates how much SNR degrades due to the errors in the channel estimation process. Therefore, basic code sets with low SNR degradation are more desirable for designing TSCs for 16-QAM and 32-QAM. 
3.4 Phase Rotation

   For downlink performance enhancement the Higher Order modulations and Turbo codes (HOT) proposal has been proposed for GERAN evolution where both 16-QAM and 32-QAM modulations are used. In downlink transmission, mobile station receiver has to blindly detect the modulation scheme transmitted. If phase rotation is the same for newly considered modulations (16-QAM and 32-QAM) and the conventional modulations (GMSK and 8-PSK), blind detection of the modulation would be more difficult. On the other hand, a symbol-by-symbol phase rotation may lead to significant DC estimation, channel estimation, and bit errors for TSCs. Consequently, proper phase rotation must be considered in TSC design to decrease channel estimation errors and to increase modulation detection capability. 
4. Conclusion
   In this contribution, we have discussed on some considerations to be taken into account in the design of training sequence codes (TSCs) for higher order modulations, such as 16-QAM and 32-QAM which in the HUGE work item. The considerations discussed in the contribution include autocorrelation property, cross-correlation property, SNR degradation, and phase rotation. In case these considerations are agreed as the way forward to the design of new TSCs, we will provide sub-optimal TSCs for 16/32-QAM with performance evaluation.
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