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Further Analytical Evaluation of the TSCs
1. Introduction

New training sequence sets are being investigated for MUROS. At the GERAN1 Adhoc, a number of TSC proposals were discussed and the following conclusions were made [13]:
1. TSC evaluation based on fixed pairing of the TSCs.
2. Receiver architecture details like length of channel estimation etc. should not be considered for selection of the TSC candidates.
3. Cyclic property of the TSCs not considered if it reduces performance. 

After the GERAN1 Adhoc, there are still 7 different TSCs under consideration. It has also been noted at the GERAN1 Adhoc that a conclusion based merely on simulations is difficult since different companies contributed different results majorly due to the different assumed receiver architectures. However, it has been noted that the performances of some of the proposed sequences are indeed quite close to each other. In this contribution, further analytical evaluation is performed to help narrow down the TSC selection since analysis by simulations has not lead to a conclusion at the GERAN1 Adhoc. 

2. Further Narrowing down of the TSC sets
At the beginning of the GERAN1 Adhoc there were a total of 9 TSC candidate sets proposed for MUROS. These are found in [1], [2], [3], [4], [5], [8], [9], [10], [11]. At the GERAN1 Adhoc, the proposals in [4] , [3] and [2] were withdrawn by the proponents. Hence, the choice is left between 7 possible sets. Since it has been agreed that the evaluation will be based on the pairwise optimality, it is proposed that the TSC sets in [5] and [8] are not considered further as these are not optimised for pair wise optimality. Also, the TSC set proposed in [3] was seen to have significantly worse performance when studied analytically [12]. Hence, it is also proposed to exclude this TSC from further evaluations. Thus there are 4 TSC proposals left for study. These are found in [1] (NSN), [9] (RIM), [10] (Huawei) and [11] (Motorola).

3. Analytical Evaluation of the cross correlation properties

For MUROS the cross correlation properties of the TSCs are important because in downlink and uplink the same timeslot and frequency are used to transmit TCH bursts to or from 2 different users. It should be noted that in typical MUROS scenarios, the subchannel interferer is likely to be the most dominant interferer. Of course the TSCs designed for MUROS would also be used in non-MUROS mode (e.g. during the DTX periods when one of the paired subchannel users is muted). However, when the interference is coming from the external interferer, it is likely to be coming from a neighbour cell and hence there is a path loss buffer. Thus for MUROS scenarios, the case of intra-cell interferer being the dominant interferer would most likely be the critical case and hence, the optimisation for MUROS so far has considered this pair wise orthogonality of the proposed training sequences as an important criterion for evaluation. An analytical method for numerically estimating the orthogonality has been proposed in [12]. In [11], the same analytical approach has been extended to study the properties for various lengths of channel impulse response. In this section the same study is repeated for a channel impulse response of lengths 4, 5, 6 and 7 for the 4 candidate training sequence sets mentioned at end of section 2.
	Channel Estimation noise for various channel lengths
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Figure 1: Channel Length = 4
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Figure 2: Channel Length = 5
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Figure 3: Channel Length = 6
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Figure 4: Channel Length = 7
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Figure 5: Mean over Channel Lengths 4 To 7


It can be seen from the results in Figure 1 to Figure 5 that for a given channel length although different TSC sets are found to be optimal, on an average, the TSC sets proposed in [1] and [9] are expected to perform optimal. It should be noted that no assumptions regarding the estimated channel impulse response are made in the evaluation. The cross correlation properties are simply measured for various lengths of actual channel impulse response. 

4. Auto correlation properties

In this section the auto correlation properties of the training sequences are studied. This will be indicative of how well the receiver would be able to cope with timing errors. 

Biased auto correlation values are shown here. This is because the receiver would have to extract the timing information from the received sequence which is sand-witched between the data symbols. Hence, the symbols outside the overlapping TSC sections are not essentially zeros but are random data bits. Hence, a biased auto correlation estimate is calculated and plotted in these figures. Note that normalisation (division by 1/length of TSC) has not been done but since all the training sequences are of same length, this would not make difference to the comparison. 
	Auto correlation properties 
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Figure 6: Mean Auto correlation
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Figure 7: Mean Auto correlation (zoomed)
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Figure 8: Auto correlation of worst sequence
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Figure 9: Auto correlation of worst sequence zoomed


Figure 6 shows the auto correlation of the TSCs averaged over all the TSCs.  Figure 7 is the zoomed version of the same providing further insight into the auto correlation properties around the delay zero. Of particular interest are delays up to 6 symbol periods. It can be observed that the properties are quite close here. The sequence proposed in [1] seems to have slightly better properties on an average although the differences are quite small (with lowest mean energy in the symbols next to 0 delay). Figure 8 shows the auto correlation properties of the worst TSC identified. The worst sequence is identified by selecting the TSC which has highest mean auto correlation for delays up to 6 symbols. It can be seen from Figure 9 (which is a zoomed version of Figure 8) that the worst TSC proposed in [9] has slightly better auto correlation properties than the worst case from other sets. Again the differences are quite negligible. 
5. Conclusion

In this contribution further analytical evaluation is performed on the TSCs proposed for MUROS. It is firstly proposed to narrow down the TSCs candidates to 4 sets which are in [1] (NSN), [9] (RIM), [10] (Huawei) and [11] (Motorola). Secondly it has been shown that for various channel lengths (4 to 7), on an average, the TSC sets proposed in [1] and [9] show good properties. Auto correlation properties are also studied and here it is seen that the differences are almost negligible. On an average slightly better auto correlation properties are seen for the set proposed in [9].  
The observations in this contribution are proposed to be taken into account for the selection of training sequences for MUROS. It is noted that the TSC set proposed in [1] and [9] still seem to be good candidates for selection with the set proposed.
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