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Training Sequences for MUROS
1 Introduction

New training sequences are important to multiplexing users into one timeslot; in this contribution, some criterions about how to select new TSC is described in this contribution; a method for designing training sequences is described and based on the method a set of new training sequences is proposed. 
Some simulations are performed to evaluate the proposed TSC sets from different companies, and TSC set proposed in this contribution is compared with the sets proposed in [1], [2].
2 Selection of new Training Sequences

2.1 Pairing of the Training Sequences

In the existing specifications, the Training Sequence Code (TSC) of BCCH and CCCH must be equal to the Base station Colour Code (BCC). But the TCHs in one cell may be assigned different TSCs in order to overcome the interference, since it is a normal case in the real network that a cell having strong CCI/ACI. By introducing MUROS, TSCs are extended to TSC pairs. One MUROS channel (including two subchannels) is proposed to use one TSC pair, i.e. the first subchannel uses TSC0, and the paired subchannel should use new TSC0. But for different MUROS channels, different TSC pairs would be assigned, in order to improve link performance, i.e. within one cell, MUROS channel-1 uses TSC pair 0, MUROS channel-2 uses TSC pair 1 and so on; thus the interference of the whole network would be kept in a lower level.

By introducing User Diversity/Frequency Hopping, the pairing of MUROS subchannels are no longer fixed during a call; the unfixed pairing of TSCs is described in Figure 1. Therefore it is an important criterion to evaluate the unfixed pairing between new TSCs and legacy TSCs when selecting new TSCs for MUROS. 
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Figure 1 Unfixed Pairing of TSCs with User Diversity

2.2 UL Consideration

For the BTS receiver of MUROS, the two antennas diversity has been assumed, and the TSCs of two users are known, so it could be handled as a 
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 MIMO system. Then the joint channel estimation can be implemented easily. The comparison of link performance and complexity with legacy separate LS channel estimation is shown in the following table:
Table1 Complexity of joint channel estimation and legacy separate channel estimation

	Operation type
	Joint CE complexity
	Separate CE complexity

	real multiplication
	
[image: image3.wmf]5

.

3

´


	
[image: image4.wmf]0

.

1

´



	real addition
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Table1 shows that the complexity of JCE is about 3.5 times of SCE. Considering the complexity of channel estimation is neglectable to the whole demodulation computation, the complexity increase of JCE is completely acceptable.
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Figure 2 MUROS uplink, Sensitivity, TU3iFH, JD JCE/SCE

Note: The performance has been normalized so that reference_IRC reaches 1% FER @ C/I = 0 dB. The timing alignment error and frequency offset are considered as suggested in [4].
Figure 2 shows the JD link performance of JCE and SCE. For power offset between two users equals to 0dB, the degradation of SCE to JCE is 0.8dB@1%FER, when power offset equals to 10dB, the degradation is about 4.2dB@1%FER (Because the estimated channel taps of the weak users is very inaccurate). SIC algorithm can also use joint channel estimation to achieve better demodulation performance.

For the legacy MS receiver, the LS channel estimation is a popular algorithm. But when a new MS is introduced, some better channel estimation algorithm such as JCE can be implemented, and the new MS is called OSC_aware MS.

In conclusion, joint channel estimation is suggested to taken as the TSC evaluation criterion in uplink and it can also evaluate the TSC in downlink considering the OSC_aware MS.
2.3 Criterions of selecting new TSCs

According the factors described above, the following criterions should be taken into account when selecting new TSCs for MUROS:

· The UL performance need to be evaluated as well as the performance of DL;

· The correlation of fixed pairing between new TSC and legacy TSC;

· The correlation of unfixed pairing between new TSC and legacy TSC;

· The cross correlation of all TSCs;

3 Training Sequence Design

The methodology used to design training sequence in this study is similar to the methods presented in [2]. The main difference is the definition of the SNR degradation function.
For the BTS receiver of MUROS, the two antennas diversity has been assumed, so it could be handled as a 
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 MIMO system in the uplink. The received signal is defined as:
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The received signal is
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. In this contribution the channel taps are 5.
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And corresponds to the training sequence (
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Based on the least-squared error estimate of the channel is:
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The pair-wise SNR degradation of the training sequences is defined as:
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In real network one sub-channel using a new TSC should pair with an arbitrary legacy TSC, so in the first step, an exhaustive search through all possible training sequences was performed and a given number sequences were selected. The correlation measure used in this contribution is defined as:
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Where 
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 denotes the pair-wise SNR degradation of a new TSC and the legacy TSC
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In the second step, the final eight training sequences were selected with the lowest autocorrelation properties. The autocorrelation measure is defined as:
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Where 
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 denotes the pair-wise SNR degradation of the arbitrary two new TSCs among one set of TSCs.

By the approach described above, a new set of training sequences was presented in the MUROS Telco #6; in this contribution some optimize have been done on the order of the proposed TSCs; the optimized order will have better performance when using fixed pairing between the new TSC and the legacy TSC. The optimized TSC set is shown in Table2
Table2 New Training Sequences (reordered) 
	TSC#
	New Training Sequences

	0(TSC5 in the previous version)
	1 -1 -1 1 1 1 1 -1 1 1 -1 -1 1 -1 1 -1 1 1 -1 -1 -1 -1 -1 1 -1 1

	1(TSC7 in the previous version)
	-1 1 1 1 -1 1 1 -1 -1 -1 -1 -1 1 -1 1 -1 -1 -1 -1 -1 1 -1 -1 1 1 1

	2(TSC2 in the previous version)
	1 -1 -1 -1 1 -1 1 -1 -1 1 1 1 1 1 1 -1 -1 1 1 1 -1 1 -1 1 1 -1

	3(TSC6 in the previous version)
	-1 1 1 1 -1 1 1 1 -1 1 -1 -1 -1 -1 1 1 -1 1 -1 -1 1 -1 -1 -1 1 1

	4(TSC3 in the previous version)
	1 -1 1 -1 1 1 1 1 1 -1 -1 1 -1 1 1 1 1 -1 -1 1 -1 -1 -1 1 -1 1

	5(TSC1 in the previous version)
	1 1 1 1 1 -1 1 1 1 -1 -1 1 -1 -1 1 1 1 -1 -1 1 -1 1 -1 -1 -1 -1

	6(TSC4 in the previous version)
	1 -1 -1 -1 1 1 -1 1 1 1 1 1 -1 1 -1 1 1 1 1 1 -1 -1 1 -1 1 -1

	7(TSC0 in the previous version)
	-1 1 -1 1 1 1 -1 1 1 1 1 -1 1 -1 -1 1 1 1 1 -1 -1 -1 1 -1 -1 1


4 Performance Evaluation
4.1 Simulation assumptions

The evaluation is performed both in uplink and downlink, the simulation assumptions align with the working assumptions which have been agreed in GERAN #39 meeting [3].
Table3 Simulation assumptions of MUROS downlink
	Parameter
	Value

	Propagation Environment
	Typical Urban (TU) 

	Terminal speed
	3 km/h 

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Interference/noise
	MTS-1

	Antenna diversity
	No

	DARP receiver
	VAR receiver

	Tx pulse shape
	legacy linearized GMSK pulse shape

	Compared Codecs
	TCH/AHS 5.9

	Interference modulation type 
	GMSK


Table4 Simulation assumptions of MUROS uplink

	Parameter
	Value

	Channel profile
	Typical Urban (TU) 

	Terminal speed
	3 km/h (TU)

	Frequency band
	900 MHz

	Frequency hopping
	Ideal 

	Scenarios
	MTS-1

	Antenna diversity
	2

	Tx pulse shape
	Linear GMSK pulse

	Rx filter – Bandwidth
	180 kHz RRC

	RRC rolloff
	0.5

	Compared Codecs
	TCH/AHS 5.9

	Receiver algorithm
	RSSE_JD

	Interference modulation type 
	GMSK


The TSC sets have been proposed so far are evaluated for a single C/I value around 1% FER. The lengths of the simulations were 10000 frames. For the uplink, Reduce States Sequence Estimation Joint Detection (RSSE_JD) algorithm is used, the sub-channels in MUROS have same output power (power offset equals 0dB). All possible pairings of legacy TSCs and proposed TSCs have been evaluated, in which the wanted sub-channel uses the legacy TSCs while the paired sub-channel uses the proposed TSCs.
4.2 Simulation Results
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Figure 3 MUROS uplink, MTS-1, 8*8 pairings of TSCs considered, TU3iFH
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Figure 4 MUROS downlink, MTS-1, 8*8 pairings of TSCs considered, TU3iFH
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Figure 5 MUROS uplink, MTS-1, 8 fixed pairings of TSCs considered, TU3iFH
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Figure 6 MUROS downlink, MTS-1, 8 fixed pairings of TSCs considered, TU3iFH

The Figure 3 to Figure 6 is CDFs vs. the FER at a given C/I, over all possible TSC pairs. The detail analysis is presented in Table5 and Table6, FER_Mean denotes the average value of FER and FER_Var denotes the variance of FER. 
In fixed paring scenarios, the TSC set proposed in this contribution has better performance in DL among 3 proposals, and slight degradation than other proposals in UL;
In unfixed pairing scenarios, the TSC set proposed in this contribution has the better performance both in UL and DL than the other proposals.
Table5 Comparisons of FER_Mean and FER_Var, 8*8 pairings
	
	Downlink
	Uplink

	
	FER_Mean
	FER_Var
	FER_Mean
	FER_Var

	NSN
	0.5%
	0.68
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	RIM-2
	0.51%
	4.2
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	0.89%
	0.75
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	Huawei
	0.41%
	0.05
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	0.75%
	0.09
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Table6 Comparisons of FER_Mean and FER_Var, 8 fixed pairings
	
	Downlink
	Uplink

	
	FER_Mean
	FER_Var
	FER_Mean
	FER_Var

	NSN
	0.34%
	0.37
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	0.67%
	0.33
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	RIM-2
	0.35%
	0.63
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	0.65%
	0.23
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	Huawei
	0.33%
	0.1
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	0.68%
	1.2
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5 Conclusions

In this contribution the criterions of how to select new TSCs is presented, it considers not only downlink performance but also uplink joint detection performance, since two antennas BTS are assumed for MUROS. For the pairing of TSCs, the unfixed pairing seems to be needed in some cases; it should be taken into account when selecting new TSCs for MUROS.
Some simulations are performed to evaluate the performance among the new sets of TSCs presented so far. The TSCs proposed in this contribution outperform than the other proposals in most cases. It is proposed to include the TSCs proposed in this contribution into the technical report of MUROS feasibility study.
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