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MUROS – Evaluation of TSCs using DARP MS
1. Introduction

In this contribution, the performance effect of the MUROS TSC candidates proposed by NSN [2], Huawei [5] and Research In Motion Ltd [6] are presented for a legacy DARP MS and a modified legacy DARP MS receiving a MUROS sub channel in interference limited scenarios. For interference performance verification the two MUROS Test Scenarios (MTS1-2) described in [1] are used. The interference is presented for both MUROS user 1 and 2.
The modified legacy DARP MS simply consists of a legacy DARP MS supporting both the legacy TSCs and the proposed MUROS TSC candidates. 
2. Simulation Assumptions
2.1 Legacy Terminals
The modified legacy DARP receiver applied in this contribution is a modified DARP phase I capable terminal. The legacy DARP terminals without support for the new proposed TSCs are widely present in the market. 
2.2 Transmitted MUROS Signal
In this contribution, the DL MUROS signal is generated by QPSK symbol mapping with (/2 rotation and linearized GMSK TX pulse shape as illustrated in Figure 1. This corresponds to the OSC technique presented by NSN in [3].
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Figure 1: Block diagram of MUROS TX by mapping two users on BB and transmitted as a QPSK modulated signal. 

As in [1] legacy training sequence codes (TSC) are applied to the first MUROS sub channel to make it fully compatible with legacy MS. For the MUROS second sub channel, all the TSC pairs listed in section 2.3 have been utilized. DTX is not applied.

2.3 Proposed TSC codes

The MUROS TSC-pairs proposed by NSN [2], Huawei [5] and Research In Motion Ltd [6] are shown in tables 1-3 respectively. These are paired with the eight legacy TSCs i.e. legacy TSC0 is paired with the proposed TSC0-pair.

Table 1: NSN proposal for new set of training sequence code pairs
	Training sequence code
	Training sequence bits

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

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

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

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

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

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

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

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


Table 2: Huawei propoal for new set of training sequence code pairs
	Training sequence code
	New Training sequence bits

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

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

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

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

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

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

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

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


Table 3: Research In Motion Ltd proposal for new set of training sequence code pairs
	Training sequence code
	New Training sequence bits

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

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

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

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

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

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

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

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


2.4 MUROS Interference Models
The first two MUROS Test Scenarios (MTS1-2) specified in [1] have been used for verifying the performance of a legacy DARP MS receiving a MUROS sub channel. All four MTS configurations are summarized below:
	Reference Test Scenario
	Interfering Signal
	Interferer relative power level
	TSC
	Interferer Delay range

	MTS-1
	Co-channel 1
	0 dB
	None
	no delay

	MTS-2
	Co-channel 1

Co-channel 2

Adjacent 1

AWGN
	0 dB

-10 dB

3 dB

-17 dB
	none 

none

none

-
	 no delay

no delay

no delay

-

	MTS-3
	Co-channel 1
	0 dB *)
	None
	74 symbols

	MTS-4
	Co-channel 1

Co-channel 2

Adjacent 1

AWGN
	0 dB *)
-10 dB

3 dB

-17 dB
	none 

none

none

-
	74 symbols

no delay

no delay

-

	*) The power of the delayed interferer burst, averaged over the active part of the wanted signal burst. The power of the delayed interferer burst, averaged over the active part of the delayed interferer burst is 3 dB higher


For MTS modulation both the GMSK and MUROS modulated interference agreed for MTS1-4 in [1] are included. 
In [4] it was shown that the performance of a legacy DARP MS receiving a MUROS sub channel is more or less independent of the interference modulation type as long as GMSK is not applied for the interferer modulation.

2.5 Other Simulation Parameters
The performance is presented for TCH/AFS 12.2. A typical urban channel profile, terminal speed 3 km/h (TU3) and frequency hopping (FH) in the 900 MHz band have been used for the DL MUROS simulations. Typical MS impairments are included in the simulations.
3. Downlink Performance Results 
The results in this section covers frame erasure rate (FER) as a function of C/I1 where C denotes the total power of the received MUROS signal (i.e. carrying 2 sub channels) and I1 denotes the power of the strongest co-channel interferer. 

The average performance is presented for both MUROS sub channels. The first MUROS sub channel contains the legacy TSCs and the second MUROS sub channel contains the proposed MUROS TSCs. The average performance is computed for the TSC pairs e.g. if MUROS sub channel 1 has legacy TSC0, then MUROS sub channel 2 has the proposed MUROS TSC0 and so forth.
First the average interference performance for the two synchronous scenarios MTS1 and MTS2 are presented in subsection 3.1 and 3.2 respectively. Detailed simulation results can be found in section 5.
3.1 MTS-1 Performance

This section presents the average MTS1 performance when a legacy DARP MS receives a MUROS sub channel containing the legacy TSCs and when a modified legacy DARP MS receives a MUROS sub channel containing the proposed MUROS TSCs. The MTS1 performances are obtained with the TSC-pairs proposed in [2], [5] and [6]. AMR full rate 12.2 is used for the MUROS sub channel. 
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Figure 2 MTS-1 GMSK interferer, MUROS sub-channel 1 with legacy TSCs
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Figure 3 MTS-1 GMSK interferer, MUROS sub-channel 2 with proposed TSCs
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Figure 4 MTS-1 QPSK interferer, MUROS sub-channel 1 with legacy TSCs
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Figure 5 MTS-1 QPSK interferer, MUROS sub-channel 2 with proposed TSCs


3.2 MTS-2 Performance

This section presents the average MTS2 performance when a legacy DARP MS receives a MUROS sub channel containing the legacy TSCs and when a modified legacy DARP MS receives a MUROS sub channel containing the proposed MUROS TSCs. The MTS2 performances are obtained with the TSC-pairs proposed in [2], [5] and [6]. AMR full rate 12.2 is used for the MUROS sub channel.
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Figure 6 MTS-2 GMSK interferer, MUROS sub-channel 1 with legacy TSCs
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Figure 7 MTS-2 GMSK interferer, MUROS sub-channel 2 with proposed TSCs

	[image: image8.png]FER

10°

10

107

107

Huawel
——nsn
——RM

cm

10

12

14

16



Figure 8 MTS-2 QPSK interferer, MUROS sub-channel 1 with legacy TSCs
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Figure 9 MTS-2 QPSK interferer, MUROS sub-channel 2 with proposed TSCs


4. Conclusions

This contribution has presented the performance effect of the MUROS TSC pairs proposed in [2], [5] and [6]. A legacy DARP MS was used for the MUROS sub channel containing the legacy TSCs and a modified legacy DARP MS was used for the MUROS sub channel containing the proposed MUROS TSCs. The performance was presented for the two MUROS Test Scenarios (MTS1-2) described in [1].

In the presented MTS1-2 average performance figures it was seen that the MUROS TSC-pairs proposed by NSN in [2] and the MUROS TSC-pairs proposed by Research In Motion Ltd in [6] have rather similar performances. Both of these proposals are in average slightly better than the MUROS TSC-pairs proposed by Huawei in [5].
From the detailed performance figures presented in section 5 it can furthermore be seen, that in some cases the MUROS TSC-pairs proposed in [2] have better performances that the MUROS TSC-pairs proposed in [6] and vice versa.
5. Detailed performance FIGURES
This section presents the detailed performance figures of the two MUROS sub channels for each legacy TSC# and proposed MUROS TSC#. This is presented for both MUROS sub-channels for MTS1+2 with both GMSK and QPSK modulated interference.

5.1 MTS-1 Performance, GMSK Interferer
5.1.1 MTS-1, GMSK Interferer, MUROS sub channel 1 (legacy TSCs)
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5.1.2 MTS-1, GMSK Interferer, MUROS sub channel 2 (Proposed MUROS TSCs)
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5.2 MTS-1 Performance, QPSK Interferer

5.2.1 MTS-1, QPSK Interferer, MUROS sub channel 1 (legacy TSCs)
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5.2.2 MTS-1, QPSK Interferer, MUROS sub channel 2 (proposed MUROS TSCs)
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5.3 MTS-2 Performance, GMSK Interferer

5.3.1 MTS-2, GMSK Interferer, MUROS sub channel 1 (legacy TSCs)

	[image: image42.png]FER

10°

10

107

107

—— Huawei T5C0
——NSNTSCO
——RIMTSCO

cm

10

12 14

16




	[image: image43.png]FER

10°

10

107

107

—— Huawel T5C1
——NSNTSCT
——RIMTsCt

cm

10

12 14

16





	[image: image44.png]FER

10°

10

107

107

—— Huawei T5C2
——NSNTSC2
——RIMTSC2

cm

10

12 14

16




	[image: image45.png]FER

10°

10

107

107

—— Huawei T5C3
——NSNTSC3
——RIMTSC3

cm





	[image: image46.png]FER

10°

10

107

107

—— Huawei T5C4
——NSNTSC4
——RIMTsC4

cm

10

12 14

16




	[image: image47.png]FER

10°

10

107

107

—— Huawei T5CS
——NSNTSCS
——RIMTSCS

cm

10

12 14

16





	[image: image48.png]FER

10°

10

107

107

—— Huawei T5CB
——NSNTSCB
——RIMTSCE

cm

10

12 14

16




	[image: image49.png]FER

10°

10

107

107

—— Huawei T5C7
——NSNTSC7
——RIMTSCT

cm

10

12 14

16






5.3.2 MTS-2, GMSK Interferer, MUROS sub channel 2 (Proposed MUROS TSCs)
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5.4 MTS-2 Performance, QPSK Interferer

5.4.1 MTS-2, QPSK Interferer, MUROS sub channel 1 (legacy TSCs)
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5.4.2 MTS-2, QPSK Interferer, MUROS sub channel 2 (proposed MUROS TSCs)
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