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1 Introduction

To take full advantage of the existing GSM wireless network resources and support more users at the same time on GSM network, a new Study Item named Multi-User Reusing One Slot (MUROS) was agreed at GERAN#36[1].There are several MUROS proposals, but the key idea is to reuse two or more users in the same timeslot. The training sequence codes (TSCs) play an important role in channel estimation and synchronization, and the SAIC capable MS can detect different user’s signal using different TSC. 
Although the legacy TSC can still be used for MUROS, more TSCs with good correlation property are needed. This contribution provides several principles for designing TSCs. Based on this, a new set of TSC is designed to work with legacy training sequences as pairs, which can greatly enhanced the performance of MUROS.
2 Concept Description
New training sequences worked with the legacy training sequences are introduced in MUROS to support user reusing. Several sets of new TSCs are presented in [2] and [4]. New series of TSCs are proposed in this contribution, which show even better correlation properties for MUROS scenario.  
2.1
Principles
At present, the eight legacy training sequence codes provided by GSM protocol are used in GSM/EDGE networks. The legacy TSCs have the cyclic structure. Taking the TSC0 for example, the cyclic structure of the existing TSC is shown in figure 1.The central 16bits(in the red square) contain the total information of the 26bits TSC. This cyclic structure forms a protective interval, which can mitigate the interference caused by multi-path delay.
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Figure1 the cyclic structure of the legacy TSC
In the concept of MUROS, the signal that shares the same physical resource with the desired signal can be seen as the dominating interference , which is called intra-cell interference .The SAIC capable MS can cancel this interference as effective as possible. As mentioned in [4], the SAIC algorithm requires the TSCs have ideal correlation property with delay. Specifically, the new TSCs is desired to have zero auto-correlation (-5 symbol duration
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5 symbol duration,
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0) and zero cross-correlation with the legacy TSC which works with the new one as a pair(-5 symbol duration
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5 symbol duration).In addition, if the co-channel interference from other cell shouldn’t be neglected in some scenarios, the new TSCs must have low cross-correlation with other new TSCs and legacy TSCs, not only with its pair.
Based on the above analysis, the design principles are as follows:

Firstly，the design is based on the cyclic structure. This structure can ensure the consistency with the legacy TSCs, thus results in fewer modifications on receiver structure compared with the TSC without cyclic feature. This structure can suppress the effect cased by multi-path delay. 
Secondly, new TSCs have low auto-correlation (-5 symbol duration
[image: image10.wmf]£



 EMBED Equation.DSMT4  [image: image11.wmf]delay



 EMBED Equation.DSMT4  [image: image12.wmf]£

5 symbol duration,
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0).The low auto-correlation can help to mitigate the self-interference caused by the delay.
Thirdly，new TSCs have low cross-correlation with its pair(-5bit duration
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5bit duration). This principle can help to mitigate the intra-cell interference, which is the co-channel interference caused by the MUROS partner.
Fourthly, new TSC is desired to have low cross-correlation with other new TSCs;
Lastly, new TSC is desired to have low cross-correlation with all legacy TSCs，not only with its pair. The fourth and fifth principles are considered for the co-channel interference from other cells using the same frequency.
Considering that the intra-cell interference is much stronger than the other co-channel interference from other cells in actual scenarios, the second and third factors are two key principles we need to consider in our design.
2.2 New Training Sequence Codes
Based on the above principles, new training sequence codes are designed. This new TSCs are shown in table 1.
Table 1 Set of new training sequence codes
	Training sequence code
	New Training sequence bits

	0
	0 0 0 1 1 1 0 1 1 0 1 0 1 1 0 1 0 0 0 1 1 1 0 1 1 0

	1
	0 1 1 1 1 1 1 1 0 1 0 0 0 1 1 0 0 1 1 1 1 1 1 1 0 1

	2
	0 0 0 1 1 1 0 1 1 0 1 1 0 1 0 1 0 0 0 1 1 1 0 1 1 0

	3
	1 1 1 0 1 1 0 1 1 1 0 0 0 1 0 1 1 1 1 0 1 1 0 1 1 1

	4
	1 1 0 1 1 1 0 1 1 0 1 0 0 0 0 1 1 1 0 1 1 1 0 1 1 0

	5
	0 1 1 1 0 1 0 0 0 0 1 0 0 1 0 0 0 1 1 1 0 1 0 0 0 0

	6
	1 1 1 1 1 1 0 1 1 0 1 0 1 0 0 0 1 1 1 1 1 1 0 1 1 0

	7
	0 1 1 1 1 1 1 0 1 1 1 0 0 0 1 0 0 1 1 1 1 1 1 0 1 1


2.3 Pair the New TSC with the Legacy one
The training sequence codes assigned to the two reuse users must have low correlation, making the receiver can detect its own signal more easily. Based on the new training sequence defined above, the allocation strategy is shown in table 2, that is, the new training sequence code forms a pair with its corresponding legacy one. For example, the new TSC0 and the legacy TSC0 is a good pair.
Table 2   Training Sequence Codes Pairs
	No  
	Legacy TSC by 3GPP standard
	New TSC 

	0
	0 0 1 0 0 1 0 1 1 1 0 0 0 0 1 0 0 0 1 0 0 1 0 1 1 1
	0 0 0 1 1 1 0 1 1 0 1 0 1 1 0 1 0 0 0 1 1 1 0 1 1 0

	1
	0 0 1 0 1 1 0 1 1 1 0 1 1 1 1 0 0 0 1 0 1 1 0 1 1 1
	 0 1 1 1 1 1 1 1 0 1 0 0 0 1 1 0 0 1 1 1 1 1 1 1 0 1

	2
	0 1 0 0 0 0 1 1 1 0 1 1 1 0 1 0 0 1 0 0 0 0 1 1 1 0
	0 0 0 1 1 1 0 1 1 0 1 1 0 1 0 1 0 0 0 1 1 1 0 1 1 0

	3
	0 1 0 0 0 1 1 1 1 0 1 1 0 1 0 0 0 1 0 0 0 1 1 1 1 0
	1 1 1 0 1 1 0 1 1 1 0 0 0 1 0 1 1 1 1 0 1 1 0 1 1 1

	4
	0 0 0 1 1 0 1 0 1 1 1 0 0 1 0 0 0 0 0 1 1 0 1 0 1 1
	1 1 0 1 1 1 0 1 1 0 1 0 0 0 0 1 1 1 0 1 1 1 0 1 1 0

	5
	0 1 0 0 1 1 1 0 1 0 1 1 0 0 0 0 0 1 0 0 1 1 1 0 1 0
	0 1 1 1 0 1 0 0 0 0 1 0 0 1 0 0 0 1 1 1 0 1 0 0 0 0

	6
	1 0 1 0 0 1 1 1 1 1 0 1 1 0 0 0 1 0 1 0 0 1 1 1 1 1
	1 1 1 1 1 1 0 1 1 0 1 0 1 0 0 0 1 1 1 1 1 1 0 1 1 0

	7
	1 1 1 0 1 1 1 1 0 0 0 1 0 0 1 0 1 1 1 0 1 1 1 1 0 0
	0 1 1 1 1 1 1 0 1 1 1 0 0 0 1 0 0 1 1 1 1 1 1 0 1 1


3 Properties
At present, there are several sets of new training sequence code presented in [2] and [4].Considering all the principles listed above comprehensively, we think our new TSCs have better performance.
3.1 The cyclic structure

As we discussed, the legacy TSCs have the cyclic structure. This cyclic structure forms a protective interval, which can mitigate the interference caused by multi-path delay in actual scenarios. 
Further more, the new TSCs and the legacy TSCs are worked together as a pair in the MUROS network and MS will be allocated a new TSC or a legacy TSC randomly. New TSCs is designed to have the same cyclic structure with the legacy TSCs, thus fewer modifications of receiver algorithms (such as channel estimation and equalization) are needed compared with the TSC without cyclic structure.
The new TSCs have the same structure with the legacy TSCs, that is the major advantage compared with the new TSCs presented in [2].
3.2 The auto-correlation value of new TSCs with delay
The autocorrelation values of the new TSCs with delay are listed in table 3. Table 4 and table 5 give the autocorrelation value of the new TSCs presented in [4] and [2]. It can be seen that the new TSCs list above have lower autocorrelation value than the new TSCs presented in [4] and [2]. 
                 Table 3    The autocorrelation value of the new TSCs
[image: image18.png]Delay TSCO | TSCl | TSC2 | TSC3 | TSC4 | TSC5 | TSC6 | TSCT
0 1 1 1 1 1 1 1 1
-1 [-0.1364]0.14514[-0.1364]-0.1029]-0.1021] 0 [-0.0458]0.14514
-2 [-0.0989]-0.0084[-0.0989] -0.125 |-0.1309]0. 04364[0. 12964]-0. 0648
-3 [-0.0543] 0. 0268[-0. 0543]0. 04167 0. 0873 [-0.0881[0.11214[-0. 0268
-4 [-0.2025] 0.1619 [-0.0169]-0. 0476 0.13977[-0. 0356]-0. 0386 0. 1619
-5 3762| -0. 0714 | —0. 055 | -0. 0714 | —0. 0849| —0. 2041 | —0. 062 | 0. 0714





Table 4
The autocorrelation value of the new TSCs presented in [4]
[image: image19.png]TSC2 | TSC3 | TSC4 | TSC5 | TSC6 | TSCT
1 1 1 1 1 1
-0.1572|-0.1572[-0.1021[-0. 0385[-0. 1021 | 0. 0385
~0.1925 | ~0.125 [-0.1309] 0. 0836 [-0. 0667 [-0. 0836
0.0417 [ 0.0417 | 0.0873 [ 0.1374 [-0. 0952(-0. 0382
~0.1107-0.1786] 0.1398 [-0.1688 0
0.0693 | 0.0693 |—0.0849[ 0. 055 0849 0. 055





Table 5
The autocorrelation value of the new TSCs presented in [2]
[image: image20.png]Delay | TSCO | TSC1 | TSC2 | TSC3 | TSC4 | TSC5 | TSC6 | TSCT
0 1 1 1 1 1 1 1 1
-1 |-0.1021[-0.0417] 0.026 [-0.0452[-0.1029] 0.0385 |-0. 0658|-0. 1021
-2 |-0.0598(-0. 0667|-0. 0286] -0. 007 0648[ 0.0836 [-0.0286] 0
-3 |-0.0244] 0. 0873 [-0.0952[-0.1374[-0. 0863] 0. 0455 |-0. 0615|-0. 2114
-4 |0.0271 [ 0.0179 [ 0.0179 | 0.0925 [-0.1107]-0. 0833|-0. 0169]-0.1107
—5  |-0.2041|-0.0096] 0. 0693 |-0. 0374 |-0. 1387 |-0. 0278 | -0. 0849 0. 0693





Figure 3 illustrates this advantage in another way. In this three-dimensional figure, Z-axis represents the correlation coefficients. X-axis represents the different TSCS NO. and Y-axis represents the delay. We can see from the picture that most of our new TSCs’ correlation is lower than the new TSCs presented in [4].
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Figure 2   Auto-correlation properties of the new training sequences
3.3 The cross-correlation value of TSC pairs with delay
The cross-correlation coefficients of our new TSC with its corresponding legacy one are listed in the following table 6. For comparison, table7 and table 8 give the cross-correlation coefficients of the new TSCs pairs presented in [4] and [2]. When the delay is less than 5, our new training sequences have better cross correlation property with its pair than the new TSCs presented in [4], which can be seem more clearly from the three-dimensional figure 3. When the delay is less than 3, our new TSCs perform better than the new TSCs presented in [2] and [4]. 
Table 6    The cross-correlation value of the TSCs pairs

[image: image22.png]Delay | TSCO | TSC1 | TSC2 | TSC3 | TSC4 | TSC5 | TSC6 | TSCT
-5 |0.40825[0. 20412[-0. 2222 0. 4082 [ -0. 4167[-0. 2041 0. 23374 -0. 1387
-4 |-0.5241[-0.3699]-0. 0598| 0. 1604 0. 12821 0. 0356 | -0. 5003 0. 49796
-3 |0.21145[-0.5801[-0. 0156 | 0. 15096 [ -0. 5548[ 0. 5165 -0. 0881 | 0. 50892
-2 |-0.0436[ 0.0155 [-0.0707| 0 [0.02857[-0.0216]-0. 0598]0.12964
-1 | 0.0658 [-0.1455]0. 04516 | 0. 1442 0. 0658 [-0.1307| -0. 035 | 0. 08909
0 0.01201]0.15811[-0.0714] 0 0. 061 | 0.06099[-0. 0132]-0. 0132
1 |0.13636]0.02144[0. 04516]0. 02746 0. 05338 0. 03269 0. 03637 | 0. 14003
2 |0.17483[-0.0648[0.17483[ 0. 1763] 0. 0861 [-0. 0989[0. 07101 |0.11952
3 |-0.0382[0.11214[0.56818]0. 03178]0. 48075[ 0. 5649 [-0.1431]0.18232
a4 |0.28333] 0.1619 [0.36515[0.16036] 0 0 [0.59793[-0.1714
5 0455]0.14286|-0.3364] 0  |0.55162]0.13762]0. 22361 | —0. 4082





Table 7    The cross-correlation value of the TSCs pairs(presented in [4])
[image: image23.png]Delay | TScO | Tsci | TSc2 | TSC3 | 7TSC4 | TSC5 | TSce | TSCt
—5 | 0.0714 [-0.3114[-0.3114] 0 | 0.4167 [-0. 5556 0.4404 | 0.0374
—4[-0.2143[-0.2479] 0. 2446 | 0.2588 [-0.1282[ 0.1688 [ 0.0169 | 0
3 |0.3985 | —0.375 |-0.4644] 0. 3973 | 0.5548 | 0. 4886 0.5235 | 0. 7628
—2 [0.1309 ] 0.0286 [-0.0591] 0 [-0.0286] —0.007 [-0.0436] 0
E] 0 | 0.0534 |-0.1134]-0.0658]-0.1218] 0 |-0.0534
0 [0.1969 | 0.1375 |-0.1372[-0.0808] 0.061 ) ~0.025 | 0.061
1 [0.0658 | -0.068 [0.0275[-0.0275[-0. 0534 0. 0385 0. 1021 | 0. 0327
2 [0.09890.0598[-0.0591] 0 | 0.0861 [-0.0836]-0.1111]-0. 0989
3 [-0.4692] 0.4564 | 0.3337 [-0.3973]-0.4808] 0. 5682 |-0. 4524 0. 0615
4 [-0.1688[-0.2256 0.2928 [ 0.3105 | 0 0 | 0.0524]0.1688
5 |-0.3303] 0.1387 |-0.0674|-0.3114]-0.5516] 0. 5273 | 0. 4854





Table 8    The cross-correlation value of the TSCs pairs(presented in [2])

[image: image24.png]Delay TSCO | TSC1 | TSC2 | TSC3 | TSC4 | TSC5 | TSC6 | TSCT
-5 [-0.1429] 0. 0849 [-0.0849] 0.055 0 0.0278 | 0.1376 | 0. 0693
-4 0.1107 | 0.2446 |-0.2446] 0.1826 [ 0.0271 | -0.1 | -0.1 [-0.1107
= 0.15 |-0.0156(-0. 3438|-0. 0455|-0. 0083|-0. 0455] 0.1154 | -0.15
-2 0 [-0.0436]-0.0989[-0. 0836 0.0155 | 0. 007 -0.125
-1 0.1021 | 0.2722 |-0.0452|-0.0385[-0.0898]-0.2821] 0 [-0.2153
0 0.1969 [—0.0895] 0.1441 | 0.1543 [-0.1157[ 0. 0714 [-0.0369] 0.025
1 0.0658 | 0.0417 |-0. 0452] 0. 2065 [-0.1442] 0. 0385 |-0. 0658 -0. 1667
2 0. 0707 | 0.1826 [-0. 0989] 0. 0836 0 0. 0836 0. 0436
Bl 0.3438 | 0.0244 |-0. 0543]-0. 0382 -0. 0318] 0. 0455 0.1953
4 -0.1688]-0.0922] 0 [-0.1688] 0 0.1826 [-0. 0524|-0. 0524
5 0.055 | 0.1387 | 0.2697 | 0.0849 | 0.2337 |-0.1376| 0. 0693 |—0. 0849
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Figure 3   Cross-correlation properties of the pairs
4 Implementation
No special changes are required on the mobile station side unless additional training sequence codes are to be defined.

The impact on the network side is:

· Dynamically selecting the most appropriate user to pair on the same resources, and then assign the most appropriate pair of TSCs.

5 Conclusions
This document proposed eight new TSCs, which have better correlation with the existing eight ones. Based on this, we get a pair strategy between the existing and new TSCs.
· The transmitter assigns different TSC to different users according to the above strategy. Because of the lowest cross-correlation, the receiver can detect its own signal more easily.

· It can enhance the performance of SAIC algorithm assuming that the MUROS partner’s signal can be cancelled as the dominant interference.
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