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****First modified subclause ****
6.2.4  Verification of Link to System Mapping 

This section depicts verification results for the employed Link to System mapping for this candidate technique as agreed at GERAN#41.
****Next modified subclause ****

7.1.2.1.3   Tx pulse shaping filter

Different Tx pulse shaping filters were used in DL simulations such as Hanning windowed Root Raised Cosine with roll-off 0.3 and bandwidth equivalent to symbol rate (270 kHz) and the legacy linearized GMSK pulse. Link performance characterization for above Tx pulse shapes can be found in section 7.2.1.1.1.1.

In addition it is worth to consider further optimisation of the Tx pulse shape with different criteria e.g. system performance and MS receiver performance by defining candidate pulse shapes as depicted below. Performance characterization for these candidates for the optimized Tx pulse shape can be found related to link performance in section 7.2.1.2.1.1.3 and related to system performance in section 7.2.2.2.7 .
7.1.2.1.3.1 Investigated Candidate TX Pulse Shapes

7.1.2.1.3.1.1 Candidate Pulse Shape 1
First investigated pulse shape called here “OPT 1” was a RRC pulse shape with 240 kHz 3 dB bandwidth, rolloff 0.3 and Hanning windowed. Filter length was equivalent to 5 symbols. The pulse shape is depicted in the frequency domain in Figure 1.
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Figure 1  Spectral power density of candidate pulse shape OPT 1.

The filter coefficients of the candidate pulse shape OPT 1 are listed below in Table 1. The output signal is normalized to ensure the same energy of the pulse shape as for the reference (LGMSK). 

Table 1 Coefficients of candidate pulse shape OPT 1 using oversampling rate 12.
	Coefficient
	Value

	0
	1.0248550e-005

	1
	9.8761920e-005

	2
	4.6907047e-004

	3
	1.1165667e-003

	4
	1.8783983e-003

	5
	2.3321156e-003

	6
	1.7820497e-003

	7
	-5.2511264e-004

	8
	-5.3941600e-003

	9
	-1.3344621e-002

	10
	-2.4480981e-002

	11
	-3.8066912e-002

	12
	-5.2626525e-002

	13
	-6.5791939e-002

	14
	-7.3959972e-002

	15
	-7.3653112e-002

	16
	-6.0426548e-002

	17
	-3.0140358e-002

	18
	1.9619563e-002

	19
	9.1343069e-002

	20
	1.8477091e-001

	21
	2.9753002e-001

	22
	4.2599307e-001

	23
	5.6327282e-001

	24
	7.0191338e-001

	25
	8.3333897e-001

	26
	9.4818832e-001

	27
	1.0387134e+000

	28
	1.0981064e+000

	29
	1.1218391e+000

	30
	1.1081732e+000

	31
	1.0581845e+000

	32
	9.7552623e-001

	33
	8.6640712e-001

	34
	7.3884496e-001

	35
	6.0110815e-001

	36
	4.6260727e-001

	37
	3.3127746e-001

	38
	2.1347172e-001

	39
	1.1468629e-001

	40
	3.6963467e-002

	41
	-1.8853863e-002

	42
	-5.3863921e-002

	43
	-7.1541080e-002

	44
	-7.4983692e-002

	45
	-6.8551688e-002

	46
	-5.6516983e-002

	47
	-4.2004445e-002

	48
	-2.7957788e-002

	49
	-1.6084985e-002

	50
	-7.2331828e-003

	51
	-1.5633146e-003

	52
	1.3721554e-003

	53
	2.2992144e-003

	54
	2.0647650e-003

	55
	1.3247141e-003

	56
	6.1578530e-004

	57
	1.7365627e-004

	58
	1.4182217e-005


7.1.2.1.3.1.2 Candidate Pulse Shape 2
The investigated candidate pulse shape 2 is a synthetic pulse shape called here “OPT 2” that has a narrower shape than candidate pulse shape 1. The pulse shape is depicted in the frequency domain in Figure 2.
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Figure 2: Spectral power density of candidate pulse shape OPT 2.

The filter coefficients of candidate pulse OPT 2 are listed below in Table 2. The output signal is normalized to ensure the same energy of the pulse shape as for the reference (LGMSK). 
Table 2 Coefficients of candidate pulse shape OPT 2 using oversampling rate 12.
	Coefficient
	Value

	0
	9.8323558e-004

	1
	1.6586564e-003

	2
	2.4785228e-003

	3
	3.3787998e-003

	4
	4.2162118e-003

	5
	4.8114538e-003

	6
	5.0146833e-003

	7
	4.7601965e-003

	8
	4.1018421e-003

	9
	3.2356427e-003

	10
	2.5091905e-003

	11
	2.4085036e-003

	12
	3.5191396e-003

	13
	6.4732195e-003

	14
	1.1891790e-002

	15
	2.0325985e-002

	16
	3.2191485e-002

	17
	4.7701042e-002

	18
	6.6811299e-002

	19
	8.9199464e-002

	20
	1.1427256e-001

	21
	1.4120041e-001

	22
	1.6896279e-001

	23
	1.9640726e-001

	24
	2.2231428e-001

	25
	2.4547834e-001

	26
	2.6479103e-001

	27
	2.7931031e-001

	28
	2.8832023e-001

	29
	2.9137408e-001

	30
	2.8832023e-001

	31
	2.7931031e-001

	32
	2.6479103e-001

	33
	2.4547834e-001

	34
	2.2231428e-001

	35
	1.9640726e-001

	36
	1.6896279e-001

	37
	1.4120041e-001

	38
	1.1427256e-001

	39
	8.9199464e-002

	40
	6.6811299e-002

	41
	4.7701042e-002

	42
	3.2191485e-002

	43
	2.0325985e-002

	44
	1.1891790e-002

	45
	6.4732195e-003

	46
	3.5191396e-003

	47
	2.4085036e-003

	48
	2.5091905e-003

	49
	3.2356427e-003

	50
	4.1018421e-003

	51
	4.7601965e-003

	52
	5.0146833e-003

	53
	4.8114538e-003

	54
	4.2162118e-003

	55
	3.3787998e-003

	56
	2.4785228e-003

	57
	1.6586564e-003

	58
	9.8323558e-004


7.1.2.1.3.2  Comparison of Filter Characteristics 

The characteristics of both candidates for the optimized Tx pulse shape and of the reference LGMSK pulse shape are depicted in Table 3. 
Table 3: Filter characteristics for used candidate pulse shapes.
	dB
	ACP 1 
	ACP 2
	PAR

	Legacy GMSK
	18.2
	> 50 
	TBD

	Candidate OPT 1
	13.8
	> 50
	TBD

	Candidate OPT 2
	15.6
	> 50
	TBD


Note, the second adjacent channel protection for both candidate pulse shapes is below 50 dB, hence fulfilling the requirement of 50 dB in 45.005 (this latter figure was obtained from simulations that used a realistic PA model).
****Next modified subclause ****

7.2.1.2.1.1   Interference performance in downlink without subchannel specific power control

7.2.1.2.1.1.1  Performance for MUROS Test Scenario 1

See performance evaluation in section 7.2.1.2.1.2 .

7.2.1.2.1.1.2  Performance for MUROS Test Scenario 2

Different receiver types have been assumed such as DARP phase 1 with usage of legacy TSC’s on both subchannels, with usage of new TSC on paired subchannel 
and OSC aware receiver benefitting from the knowledge of the training sequences employed on both subchannels.

Performance for DARP Phase 1 receiver with legacy training sequences

For performance measurement the frame erasure rate (FER) is displayed over the the carrier to interferer ratio (CIR). The CIR for MTS-2 scenario is related to the dominant interferer designated as C/I0. In case of OSC the power of the wanted sub channel is considered. The other orthogonal sub channel is not taken into account in C/I calculation. Performance was compared applying linearized GMSK pulse shape filter.
In Figure 7-15 the downlink performance of MTS-2 is evaluated against reference for some codecs of AMR Full Rate (AFS) and AMR Half Rate (AHS) with ideal frequency hopping.
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Figure 7-15: DL MTS-2 FER performance in TU3iFH of generic DARP phase 1 MS 
receiving an OSC sub channel with AMR FR 5.9, AMR FR 12.2 and AMR HR 5.9

Performance comparison at FER=1% is captured in Table 7-13 for the three invstigated AMR codec types.  
Table 7-13: Link Performace and Loss to Reference for AMR FR 5.9 @ FER=1%
	Configuration 
	C/I0 for FER=1%
	Loss to Reference

	OSC AMR FR 12.2
	15.0 dB
	8.6 dB

	OSC AMR FR 5.9
	8.9 dB
	7.3 dB

	OSC AMR HR 5.9
	17.0 dB
	8.7 dB


Performance for OSC aware receiver and usage of new training sequences

Interference performance shown in Figure 7-16 seems to have about similar 2.6-3.4dB difference as in sensitivity limited case. Again RRC 270 Tx pulse shape was used in this evaluation as well as new TSC for the paired subchannel. Performance is depicted for both a DARP phase 1 (GMSK RX for OSC) and an OSC aware MS. For comparison AMR HR 5.9 needs about 7dB higher C/I than AMR FR 5.9, thus orthogonal sub channel can improve HR performance by about 4 dB in TU3 iFH.
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Figure 7-16: FER for AMR FR 5.9 in TU3 iFH at MTS-2 for DARP phase 1 receiver (GMSK RX for OSC) and OSC aware receiver.

For performance measurement the frame erasure rate (FER) is displayed over the the carrier to interferer ratio (CIR). The CIR for MTS-2 scenario is related to the dominant interferer designated as C/I0. In case of OSC the power of the wanted sub channel is considered. The other orthogonal sub channel is not taken into account in C/I calculation. Performance was compared applying linearized GMSK pulse shape filter.
In Figure 7-15 the downlink performance of MTS-2 is evaluated against reference for some codecs of AMR Full Rate (AFS) and AMR Half Rate (AHS) with ideal frequency hopping.
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	Figure 7-15  DL MTS-2 FER performance in TU3iFH of generic DARP phase 1 MS 
receiving an OSC sub channel with AMR FR 5.9, AMR FR 12.2 and AMR HR 5.9. 


Performance comparison at FER=1% is captured in Table 7-16 for the three invstigated AMR codec types.                 

	Configuration 
	C/I0 for FER=1%
	Loss to Reference

	OSC AMR FR 12.2
	15.0 dB
	8.6 dB

	OSC AMR FR 5.9
	8.9 dB
	7.3 dB

	OSC AMR HR 5.9
	17.0 dB
	8.7 dB


Table 7-16  Link Performace and Loss to Reference for AMR FR 5.9 @ FER=1%

Performance for OSC aware receiver and usage of new training sequences

Interference performance shown in Figure 7-18 seems to have about similar 2.6-3.4dB difference as in sensitivity limited case. Again RRC 270 Tx pulse shape was used in this evaluation as well as new TSC for the paired subchannel. Performance is depicted for both a DARP phase 1 (GMSK RX for OSC) and an OSC aware MS. For comparison AMR HR 5.9 needs about 7dB higher C/I than AMR FR 5.9, thus orthogonal sub channel can improve HR performance by about 4 dB in TU3 iFH.
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Figure 7-16: FER for AMR FR 5.9 in TU3 iFH at MTS-2 for DARP phase 1 receiver (GMSK RX for OSC) and OSC aware receiver.

7.2.1.2.1.1.3  Performance for Using Optimized TX Pulse Shapes
Link Level Perfomance was investigated for both candidate pulse shapes described in Section 7.1.2.1.3. This is depicted in Figure 1 below.
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Figure 1: Link Performance for investigated TX pulse shapes for OSC channels, 
CCI, DIR=7dB, TU3iFH GSM900.

Editor’s Note: The figure above needs to be updated depicting performance for the specified MTS channel profiles.

It can be seen that the link performance is improved by about 2.5 dB for candidate pulse shape OPT 1 and by about 1.5 dB for candidate pulse shape OPT 
2 at 1% FER versus the legacy GMSK pulse shape. 

****Next modified subclause ****
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8.1.6
SAM - Single Antenna MIMO - for VAMOS

The use of the Adaptive Symbol Constellation is foreseen for VAMOS [8-18]. The type of modulation used is 
[image: image10.wmf]a

-QPSK as described above. The 
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Equivalently, after de-rotation by 
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where the prime indicates that the signal and the channel taps have been de-rotated. 

Taking real and imaginary parts in Equation (2), and using the fact that the symbols 
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 are real-valued, we obtain the following pair of equations
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Defining
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we can re-write (3) in matrix form
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This is a 2x2 MIMO real-valued system, with spatially and temporally correlated noise 
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 must be simultaneously demodulated. Known interference suppression and demodulation algorithms can now be applied to (4). For example, it is straightforward to extend the spatio-temporal interference rejection algorithms in [8-19] to the MIMO model (4). Note that if there is no interference present then (4) reduces to a model for joint detection, which yields the optimum receiver in sensitivity scenarios. Thus, the signal model (4) provides an accurate representation of 
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-QPSK modulated signals in both interference and sensitivity scenarios. 

Observe that (4) represents a single antenna MIMO system. Hence, a receiver whose demodulator is based on the model (4) is appropriately named Single Antenna MIMO (SAM) receiver. 
****Next modified subclause ****

8.2.1.2.3 
SIC receiver


· 
· 
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8.2.1.2.3.1 Investigations by Telefon AB LM Ericsson 

8.2.1.2.3.1.1 Simulation assumptions

The reference receiver is a legacy GMSK MRC receiver. The simulation assumptions are shown in Table 1 below.

	Parameter
	Value

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h 

	Frequency band
	900 MHz

	Frequency hopping
	Ideal (TU)

	Interference modulation
	GMSK

	Antenna diversity
	Yes

	Receiver type
	SIC, spatio-temporal IRC.

	Interference/Noise
	Noise

	Rx filter

· Bandwidth

· RRC rolloff
	RRC1
240 kHz

0.3

	Impairments:
	Typical Tx and Rx impairments

	Note 1: The 3 dB bandwidth of the RRC filter.


Table 1 Simulation assumptions.

8.2.1.2.3.1.2  Performance Plots

The performance has been normalized so that the reference receiver reaches 1% FER @ 0 dB.
From the simulations below it can be concluded that:

· In all test cases the performance of the weakest sub-channel is inferior to the performance of the reference MRC receiver at 1% FER.

· Worst performance is seen for SCPIR = 0 dB.
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Figure 1 Sensitivity performance for TU3iFH, TCH/AFS5.90 (top left), TCH/AHS5.90 (top right) and TCH/AFS12.2 (bottom left).

8.2.1.2.3.2 Investigations by ST-NXP Wireless France

8.2.1.2.3.2.1 Simulation Assumptions

Text in this section is based on contributions [8-21] and is related to evaluation of sensitivity performance in downlink. Simulation assumptions can be found in Table 2.
	Parameter
	Value

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h (TU)

	Frequency band
	900 MHz

	Frequency hopping
	Ideal (TU)

	TSC allocation
	User subchannel C1: legacy TSC0 (wanted signal)
User subchannel C2: new TSC0 from [8-15]

	Interference
	MTS-1 and MTS-2 model

	Interference modulation
	GMSK

	MUROS SCPIR
	0, -4, -8 dB

	C/I 
	Power of wanted user C1 / dominant external interferer power I1 or 

Power of total signal C / dominant external interferer power I1

	Frequency offset
	Not relevant for MIC in DL

	Used Codecs
	TCH/AFS 12.2, AFS 5.9, AHS 7.95 and AHS 5.9

	Antenna diversity
	No

	Receiver type
	-  MIC / SAIC 

-  S-MIC (successive MIC)

	Receiver implementation
	Fixed-point

	Frequency offset compensation
	Timeslot-based, no outer compensation loop

	Simulation time
	200 sec (40 000 timeslots) per point

	Rx filter Bandwidth
	240 kHz (3 dB bandwidth)

	Rx-Impairments:

– Phase noise

– I/Q gain imbalance

– I/Q phase imbalance

– Noise figure 
	 2.0   [degrees (RMS)]

 0.2   [dB]

 1.5   [degrees]

 8      [dB]


Table 2: Simulation assumptions for Downlink.

8.2.1.2.3.2.1 Simulation Results for Downlink
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	Figure 2: Sensitivity for AFS 12.2, power C1
	Figure 3: Sensitivity for AFS 12.2, power C
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	Figure 4: Sensitivity for AFS 5.9, power C1
	Figure 5: Sensitivity for AFS 5.9, power C
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	Figure 6: Sensitivity for AHS 7.95, power C1
	Figure 7: Sensitivity for AHS 7.95, power C
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	Figure 8: Sensitivity for AHS 5.9, power C1
	Figure 9: Sensitivity for AHS 5.9, power C


****Next modified subclause ****

8.2.1.3.4 
SIC receiver


· 
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8.2.1.3.4.1 Investigations by Telefon AB LM Ericsson 

8.2.1.3.4.1.1 Simulation assumptions

The reference receiver is a legacy GMSK MRC receiver. The wanted sub-channel is denoted C1, and the strongest co-channel interferer I1. 
The simulation assumptions are shown in Table 1 below.
	Parameter
	Value

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal (TU)

	Interference modulation
	GMSK

	Antenna diversity
	Yes

	Receiver type
	SIC, spatio-temporal IRC.

	Interference/Noise
	MTS-1/2/3/4 

	Rx filter

· Bandwidth

· RRC rolloff
	RRC1
240 kHz

0.3

	Impairments:
	Typical Tx and Rx impairments

	Note 1: The 3 dB bandwidth of the RRC filter.


Table 1 Simulation assumptions.

8.2.1.3.4.1.2  Performance Plots for MTS Test Scenarios

The performance has been normalized so that the reference receiver reaches 1% FER @ 0 dB.
From the simulations shown below it can be concluded:

· The performance in the MTS-2 (synchronous, multiple interferers) and MTS-4 (asynchronous, multiple interferers) test cases is very similar, for both reference and SIC receivers.

· In most test cases the performance of the weakest sub-channel is inferior to the performance of the reference MRC receiver at 1% FER. Since a legacy IRC receiver exhibits much better performance than an MRC receiver in interference scenarios, the degradation with respect to a legacy IRC receiver can be very large, roughly from 6 to 20 dB, depending on the IRC algorithms and the test case.
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	Figure 1 TCH/AFS5.90, TU3iFH. MTS-1 (top left), MTS-2 (top right), MTS-3 (bottom left), MTS-4 (bottom right).
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Figure 2  TCH/AHS5.90, TU3iFH. MTS-1 (top left), MTS-2 (top right), MTS-3 (bottom left), MTS-4 (bottom right).

	[image: image94.png]10

107

<-SCPIR =-15dB

+=SCPIR =-10dB

-©-8SCPIR =-5dB

*SCPIR =0dB

—MRC reference, GMSK carr

C/1, [dB]




	[image: image95.png]<-SCPIR =-15dB

+=SCPIR =-10dB

-©-8SCPIR =-5dB

*SCPIR =0dB

—MRC reference, GMSK carr.

2 0 2 4 6 8 10
C/1, [dB]





	[image: image96.png]10

107

<-SCPIR =-15dB

+=SCPIR =-10dB

-©-8SCPIR =-5dB

*SCPIR =0dB

—MRC reference, GMSK carr

C/1, [dB]




	[image: image97.png]<-SCPIR =-15dB

+=SCPIR =-10dB

-©-8SCPIR =-5dB

*SCPIR =0dB

—MRC reference, GMSK carr.

2 0 2 4 6 8 10
C/1, [dB]






Figure 3  TCH/AFS12.20, TU3iFH. MTS-1 (top left), MTS-2 (top right), MTS-3 (bottom left), MTS-4 (bottom right).

8.2.1.3.4.2 Investigations by ST-NXP Wireless France

Text in this section is based on contributions [8-20] and [8-21].
8.2.1.3.4.2.1 Introduction 

Successive interference cancellation (SIC) receivers have been proposed for the OSC/MUROS uplink, which can be understood as a 2x2 MIMO scheme with 2 users transmitting on separate antennas [8-15]. To take benefit from dual receive antennas available in a typical BTS, SIC can be combined with diversity interference cancellation techniques for MUROS uplink receiver implementations [8-20]. This receiver is considered as a good trade off between complexity and performance, especially when combined with diversity interference cancellation techniques, which can also be denoted as interference rejection combining (IRC) [8-22]. 

Contrastingly, the MUROS downlink signal is typically sent from a single BTS antenna to both users and received by a single receive antenna in each MS. This situation is expected to persist in the future, at least for the vast majority of phones used by billions of worldwide GSM subscribers. As a result, the downlink is supposed to remain the limiting factor in network planning also with MUROS, even though the signals for both users are transmitted orthogonally to facilitate their separation.

For the MUROS downlink, single antenna interference cancellation (SAIC) as defined by DARP phase 1 capability is already performing quite well to demodulate the MUROS sub channel based on a legacy training sequence [8-28]. For MUROS specification, the VAMOS work item [8-18] approved at GERAN #40 foresees the definition of two different levels of VAMOS support in new MS. While a first class requires only support of new training sequences in addition to DARP phase 1 capability using SAIC, a second class shall provide more advanced receiver performance specifically for the MUROS/VAMOS downlink signal.

In this section,  

· the link performance of a SIC receiver for the uplink is evaluated. Simulations for the AFS 5.9 and AHS 5.9 have been performed for MUROS test scenarios MTS 1 and MTS-2. Simulation assumptions and results have been updated compared to an earlier version presented at MUROS telco #9.

· the link performance of a SIC receiver for the downlink is evaluated, in that the ST-NXP solution of SAIC called mono interference cancellation (MIC) technology is combined with SIC techniques to achieve advanced VAMOS downlink receiver performance (S-MIC). This combination is advantageous especially for downlink power control by adaptive signal constellation, which is foreseen for VAMOS specification. Additionally S-MIC shows significant performance improvements in the case of sensitivity. Both classes of VAMOS capable terminals (MIC and S-MIC) have been simulated for MTS-1, MTS-2 and sensitivity scenarios based on AFS 12.2, AFS 5.9, AHS 7.95 and AHS 5.9 channels. 

8.2.1.3.4.2.2 Simulation Assumptions for Uplink

For BTS receive diversity, methods like enhanced diversity interference cancellation can be applied, which have been developed for GMSK modulation, first shown in [8-23]. These methods have been reused for MSRD receivers [8-24]. For MUROS uplink receivers, better radio and baseband conditions at the BTS and specific characteristics of MUROS system definition allow combination with further methods. Good decorrelation of BTS antennas, aligned timing synchronization between the subchannels by timing advance and knowledge of the training sequence of both subchannels can be assumed. This allows exceptionally good performance already in combination with successive interference cancellation, which is still less complex than joint detection. The total complexity of the SIC algorithm considered here (fixed point MIPS) is only about 3 times higher for both users than a conventional diversity IC receiver for a single user.
Simulations have been performed to evaluate the performance of a SIC receiver in combination with IRC. For reference purpose a conventional GMSK MRC receiver is included in the analysis. The simulation assumptions are very similar to [8-22] and summarized in Table 2.
	Parameter
	Value

	Channel profile
	Typical Urban (TU)

	Terminal speed
	50 km/h (TU)

	Frequency band
	900 MHz

	Frequency hopping
	Ideal (TU)

	TSC allocation
	User subchannel C1: legacy TSC0 (wanted signal)
User subchannel C2: new TSC0 from [1]

	Interference
	MTS-1 and MTS-2 model

	Interference modulation
	GMSK

	MUROS SCPIR
	0, -5. -10, -15 dB

	C/I 
	Power of wanted user C1 / dominant external interferer power I1 

	Timing alignment
	Random error model TR 45.914 [10], Section 5.2.5

	Frequency offset
	C1:      0 Hz, C2: +100 Hz (Fig.1-12)

C1:      0 Hz, C2:       0 Hz (Fig. 9-12)

C1:   -50 Hz, C2:   +50 Hz (Fig. 9-12)

C1: -150 Hz, C2: +150 Hz (Fig. 9-12)

	Used Codecs
	TCH/AFS 5.9 and AHS 5.9

	Antenna diversity
	Yes, uncorrelated antennas

	Receiver type
	SIC, spatio-temporal IRC

	Receiver implementation
	fixed-point

	Frequency offset compensation
	Timeslot-based, no outer compensation loop,
range -150 Hz …. 150 Hz (extendable)

	Simulation time
	200 sec (40 000 timeslots) per point

	Rx filter
– Bandwidth

– RRC rolloff
	RRC

   240 kHz (3 dB bandwidth)

   0.3

	Rx-Impairments:

– Phase noise

– I/Q gain imbalance

– I/Q phase imbalance

– Noise figure 
	 1.0   [degrees (RMS)]

 0.2   [dB]

 1.5   [degrees]

 8      [dB]


Table 2: Simulation assumptions for Uplink.

8.2.1.3.4.2.3  Simulation Results for Uplink

It is preferred to plot absolute FER performance results. These plots, which are all positioned on the left hand side in the following pairs of plots in this subsection below, allow comparison with other UL simulations, which have already started to show absolute performance [8-25]. 

The performance plots on the right hand side are based on the same simulations, but have been normalized so that the MRC performance becomes 1% FER @ 0 dB, similar to [8-22], [8-26]. The conventional MRC receiver can be expected to provide a better reference basis for comparing simulations results between companies than the IRC receiver, because IRC results are supposed to dependent more strongly on the specific implementation. Therefore comparison with [8-26] would be quite difficult in any case and IRC results are not provided here.

In Figures 11 to 14 below additional results for varying frequency offset between the subchannels are shown. These can be compared with results in [8-27], but don’t show any strong dependency on the frequency offset between the MUROS subchannels reported in that earlier contribution.

In general the uplink performance at 1% FER for interference turns out to be consistently better than MRC, with only few exceptions if the difference between C1 and C2 is 10 dB or more.

	MTS-1, AFS/AHS 5.9, frequency offsets: C1 = 0 Hz, C2 = 100 Hz
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	Figure 3: MTS-1, TCH/AFS 5.9, absolute
	Figure 4: MTS-1, TCH/AFS 5.9, relative
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	Figure 5: MTS-1, TCH/AHS 5.9, absolute
	Figure 6: MTS-1, TCH/AHS 5.9, relative

	 MTS-2, AFS/AHS 5.9, frequency offsets: C1 = 0 Hz, C2 = 100 Hz
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	Figure 7: MTS-2, TCH/AFS 5.9, absolute
	Figure 8: MTS-2, TCH/AFS 5.9, relative
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	Figure 9: MTS-2, TCH/AHS 5.9, absolute
	Figure 10: MTS-2, TCH/AHS 5.9, relative

	MTS-1/2, AFS/AHS 5.9 with different frequency offsets
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	Figure 11: MTS-1, TCH/AFS 5.9, relative
	Figure 12: MTS-1, TCH/AHS 5.9, relative
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	Figure 13: MTS-2, TCH/AFS 5.9, relative
	Figure 14: MTS-2, TCH/AHS 5.9, relative


8.2.1.3.4.2.4 Simulation Assumptions for Downlink

Simulations have been performed to evaluate the performance of
· MIC / SAIC (red curves),
· S-MIC (blue curves), 

· conventional GMSK equalizer without MUROS (black curves for reference).

The simulation assumptions are summarized in Table 3.
	Parameter
	Value

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h (TU)

	Frequency band
	900 MHz

	Frequency hopping
	Ideal (TU)

	TSC allocation
	User subchannel C1: legacy TSC0 (wanted signal)
User subchannel C2: new TSC0 from [8-15]

	Interference
	MTS-1 and MTS-2 model

	Interference modulation
	GMSK

	MUROS SCPIR
	0, -4, -8 dB

	C/I 
	Power of wanted user C1 / dominant external interferer power I1 or 

Power of total signal C / dominant external interferer power I1

	Frequency offset
	Not relevant for MIC in DL

	Used Codecs
	TCH/AFS 12.2, AFS 5.9, AHS 7.95 and AHS 5.9

	Antenna diversity
	No

	Receiver type
	-  MIC / SAIC 

-  S-MIC (successive MIC)

	Receiver implementation
	Fixed-point

	Frequency offset compensation
	Timeslot-based, no outer compensation loop

	Simulation time
	200 sec (40 000 timeslots) per point

	Rx filter Bandwidth
	240 kHz (3 dB bandwidth)

	Rx-Impairments:

– Phase noise

– I/Q gain imbalance

– I/Q phase imbalance

– Noise figure 
	 2.0   [degrees (RMS)]

 0.2   [dB]

 1.5   [degrees]

 8      [dB]


Table 3: Simulation assumptions for Downlink.

8.2.1.3.4.2.5  Simulation Results for Downlink

FER performance results are shown versus two different carrier-to-interference ratio definitions. Either the wanted sub channel power C1 or the total carrier power C = C1 + C2 of the MUROS downlink signal is considered as the carrier power. In both cases, the interference is defined as the dominating interferer power I1 (in case of MTS-1 this is the total external interference power I = I1, while the other external interferer contributions of the MTS-2 model increase I according to I / I1 = 0.6 dB [8-29]). 

· The plots FER versus C1/I1, which are all positioned on the left hand side in the following pairs of plots, in fact disregard the internal interference power by the second sub channel C2 [8-30].

· The performance plots on the right hand side are based on the same simulations, but are depicted FER versus C/I1, and show the fraction C2 of carrier power C, which does not contribute to the wanted signal for user 1, as an additional degradation [8-28]. 

Also sensitivity results are shown versus two different signal-to-noise ratio definitions. Either the wanted symbol energy Eb of sub channel C1 or the total symbol energy Es of the total carrier power C = C1 + C2 is considered [8-31].
For reference purpose, the performance of a conventional equalizer for legacy GMSK case C = C1 is shown in both plots. Furthermore, the reference performance requirements from TS 45.005 for non-DARP capable MS are marked (in case of MTS-2 the reference interference level is increased by 0.6 dB on the C1/I1, resp. C/I1 scale).

Comparison between results for MTS-1 and MTS-2 interference scenarios does not show really strong dependency of the receiver performance on the interference type. Also the impact of interferer modulation type is expected to be rather limited based on previous analyses for MIC [8-28].
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	Figure 15: MTS-1 for AFS 12.2, power C1
	Figure 16: MTS-1 for AFS 12.2, power C
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	Figure 17: MTS-1 for AFS 5.9, power C1
	Figure 18: MTS-1 for AFS 5.9, power C
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	Figure 19: MTS-1 for AHS 7.95, power C1
	Figure 20: MTS-1 for AHS 7.95, power C
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	Figure 21: MTS-1 for AHS 5.9, power C1
	Figure 22: MTS-1 for AHS 5.9, power C

	MTS-2
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	Figure 23: MTS-2 for AFS 12.2, power C1
	Figure 24: MTS-2 for AFS 12.2, power C
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	Figure 25: MTS-2 for AFS 5.9, power C1
	Figure 26: MTS-2 for AFS 5.9, power C
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	Figure 27: MTS-2 for AHS 7.95, power C1
	Figure 28: MTS-2 for AHS 7.95, power C
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	Figure 29: MTS-2 for AHS 5.9, power C1
	Figure 30: MTS-2 for AHS 5.9, power C


8.2.1.3.4.2.6  Conclusions

The simulation results for uplink presented have been all achieved in fixed point implementation with reasonable complexity, which could also be scaled up or down especially regarding the SIC component. Taking MRC without MUROS as a reference, it becomes evident that the MUROS link performance that can be achieved by efficient combination of advanced receiver techniques is in the same order of magnitude or even better. Since MRC uplink performance is often considered as basis for network planning, this observation supports feasibility of MUROS to provide sufficient uplink performance in these networks even for half rate channels.

The simulation results turn out to be extremely robust with respect to frequency offset, which may be quite high under practical network operation conditions with all variety of MS types. The conclusions presented here for uplink complement similar conclusions from downlink results about the tremendous benefit from MUROS for upgrading existing networks, which has already been shown before [8-28]. 
The simulation results for downlink show that for a first level of VAMOS capability the MIC / SAIC receiver performs quite well. When compared based on wanted signal power C1, some degradation occurs for the weaker sub channel. With an advanced successive MIC receiver (S-MIC), this degradation of the weaker sub channel can mostly be avoided, and also the baseline performance for equally strong sub channels can be improved. The performance improvement is observed consistently for the interference scenarios MTS-1, MTS-2 and also for sensitivity. In summary, S‑MIC provides well advanced receiver performance for a second level of VAMOS capability. The results presented herein have been all achieved in fixed point implementation with reasonable complexity. The S-MIC complexity is about 2.5 times higher than for MIC and could also be scaled up or down especially regarding the SIC component. The complexity is supposed affordable in a typical modern MS by SW implementation. Therefore the second level of VAMOS capable MS as defined in the WID is deemed feasible.

Taking into account the total carrier power C = C1 + C2 of the MUROS signal, the downlink power is shared by 2 users and especially the performance of the weaker sub channel C1 degrades in a natural way when reducing C1/C2. However, especially with the advanced successive MIC (S‑MIC) receiver, the degradation is basically limited to this natural degradation by reduction of downlink transmit power. For equal power of C1 and C2, only 3 dB are unavoidably lost by power splitting and the interference performance for MUROS signals is not far from the original reference interference performance of the GSM system before introduction of SAIC. This comparison shows the tremendous benefit from MUROS for upgrading existing networks, as already been shown before [8-28]. Further improvements have been achieved by SIC methods in the downlink and fit very well with downlink power control by adaptive signal constellation [8-21]. 
****Next modified subclause ****

8.2.1.3.5  SAM Receiver for VAMOS

A SAM receiver prototype based upon the signal model (4) described in section 8.1.6 has been developed.  The intention of the present contribution is to provide a proof of concept for SAM. The receiver has not been optimized or tuned. It is only a preliminary version. On the other hand, the reference is an optimized, commercially available, DARP Phase I receiver.
8.2.1.3.5.1 Simulation assumptions

The wanted sub-channel is denoted C1, while the paired sub-channel is denoted C2. The carrier to interference ratio C/I, where C=C1+C2, is used in the plots. In multiple interference scenarios the dominant interferer is denoted I1 and the carrier to dominant interferer C/I1 is plotted. 10000 frames are used for each point in the graphs. 
The simulation assumptions are shown in Table 1 below.

	Parameter
	Value

	Speech codec
	TCH/AFS5.90, 

TCH/AHS5.90

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal, No

	Interference
	MTS-1,

MTS-2

	Antenna diversity
	No

	Frequency offset external interferers
	Normal distribution [Hz]

N(50,17)

	Receiver type
	Legacy SAIC (Reference)
The SAIC algorithm used for the receiver utilizes a spatial-temporal Vector Autoregressive (VAR) Model.

	
	SAM

3 MLSE taps,

VAR model,

α is assumed to be known.

	Impairments:

– Phase noise

– I/Q gain imbalance

–I/Q phase imbalance

– DC offset

– Frequency error

– PA model
	Tx / Rx

0.8 / 1.0   [degrees (RMS)]

0.1 / 0.2   [dB]

0.2 / 1.5   [degrees]

-45 / -40  [dBc]

  -   / 25   [Hz]

Yes/   -



Table 1 Simulation assumptions

8.2.1.3.5.2  Performance plots
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Figure 1  MTS-1, AFS5.90

[image: image127.png]FER

10

10

10

10

10

TCH/AFS5.90, MTS-2, TusiFH

—+— Legacy SAIC, SCPIR0dB
—¢ —SAM, SCPIR DdB
—+— Legacy SAIC, SCPIR -4d8
—¢ —SAM, SCPIR -4d8
—+— Legacy SAIC, SCPIR 88
—¢ —SAM, SCPIR -8d8

2 4 3 ]

18
o dB




Figure 2  MTS-2, AFS 5.90
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Figure 3  MTS-1, AHS5.90
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Figure 4  MTS-2, AHS5.90
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Figure 5 Performance of SAM in MTS-1, AHS5.90 for varying SCPIR
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Figure 6  Performance of SAM in MTS-2, AHS5.90 for varying SCPIR
****Next modified subclause ****

8.2.4  Verification of Link to System Mapping 

This section depicts verification results for the employed Link to System mapping for this candidate technique as agreed at GERAN#41.

****Next modified subclause ****
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9.2.4  Verification of Link to System Mapping 

This section depicts verification results for the employed Link to System mapping for this candidate technique as agreed at GERAN#41.

****Last modified subclause ****

10.2 
Training sequence evaluation and selection
The criteria for selection of TSC‘s were agreed at GERAN#39:
· Legacy TSC is used on 1st subchannel 

· New proposed TSC is used on 2nd subchannel 

· Performance of TSC pairs is evaluated 
· Restriction to single interferer scenario MTS-1 with the interferer either using GMSK or MUROS modulation type.

· Both DL and ULwill be evaluated. 
· Evaluate in addition the cross correlation performance of new TSC’s whilst the evaluation method is left open 

At GERAN 1 Adhoc on EGPRS2/WIDER/MUROS following agreements were achieved:

· 
fixed pairs will be used for the training sequence evaluation. There was no agreement to standardise training sequence pairs.

· 
newly proposed TRS sets will be included in the TR but without corresponding performance simulation results (in order not to overload the TR).

· 
selection could wait until after a WI is opened.

· 
no new proposal for new training sequences will be accepted from this point in time, unless it was shown to provide a significant performance improvement of (~0.5 dB).

At MUROS telco#7 following agreements were achieved:

· 
Contributions can be provided by companies to check the cross correlation properties of unpaired sequences at GERAN#40.

· 
Voting will be used at GERAN#40 to select the best sequence among the candidate sets.

At GERAN#40 it was agreed to freeze the work related to the evaluation of the best TSC set, until a work item is started. Hence further training sequence evaluation as well as final selection of the TSC set will take place within the sucessive work item VAMOS. [comment: please change style of this paragraph to “Normal”]
At GERAN#41 an offline session on further proceeding related to the TSC evaluation work was held [10-10]. In the following GERAN working group 1 meeting it was agreed that the proposed candidate in section 10.1.7 (RIM-2) is selected for VAMOS.  
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�  This additional criterion has been defined in MUROS telco #6 [10-8].
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