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1 Introduction

Reference signal design is an important issue to fully exploit the potential benefit of the SC-FDMA system considered in the uplink of the E-UTRA. The reference signal is needed for uplink CQI estimation and coherent data demodulation. There has been on-going discussion on the uplink reference signal structure in RAN1. Pros and cons of CDM and FDM reference signal structures are summarized in [1-6]. In RAN1#44bis, combinations of CDM and FDM were agreed upon for further consideration as the uplink reference structure [7]. In this contribution we focus on the reference signal for coherent data demodulation. It has been generally agreed that FDM will be used for the reference signal for coherent demodulation in the case of localized data transmissions, while for distributed data transmission the reference signal for coherent demodulation may be either FDM or CDM [7]. We propose an FDM reference signal, in which the reference signal sequence is constructed by repetition of a CAZAC sequence with length equal to the basic resource unit size.

The FDM reference signal is advocated because it offers in-cell user orthogonality in the presence of fading. So far, comb-shaped pilot tones and staggered pilot structure are agreed as reference patterns for the FDM pilot [7]. One of the major drawbacks of the FDM reference signal, however, is the possibility of collision in the presence of strong co-channel interference. In particular, when two users at the cell edge use the same set of sub-carriers for the uplink reference signal, it may not be possible to reliabily estimate the channel unless the pilot sequence is chosen carefully to provide some level of immunity to co-channel interference.  

The main requirements of the SC-FDMA reference signal design can be summarized as follows:

1. Equal power channel sounding in the frequency domain

2. Immunity to co-channel interference

3. Support of users that have been assigned multiple resource units

4. Support of both localized and distributed sub-carrier mapping with reliable channel estimation performance

5. Efficient transmitter and receiver structure

6. Large number of sequences with the desired characteristic to support multi-cell deployment

To meet these design requirements, we propose to use a CAZAC sequence with length equal to the basic resource unit size as the FDM reference signal for coherent demodulation. For users allocated multiple resource units, repetition of the same basic resource unit length CAZAC sequence is used to generate a longer pilot sequence. The family of Generalized Chirp Like (GCL) sequence is an example of a type of CAZAC sequence that can be used. In the proposed scheme, in-cell users are orthogonal in the frequency domain, thus the same GCL sequence is reused for all users in the same cell. For neighboring cell users, different GCL sequences are used to exploit the desirable cross-correlation properties of the sequence. 

In the following sections, we describe the proposed uplink pilot structure and the pilot sequence assignment rules. We analyze the potential benefits of using the proposed pilot structure and provide simulation results. Finally, we provide a text proposal for the proposed pilot structure.

2 Proposed Pilot Structure

The sub-frame structure is shown in Figure 1. The pilot is transmitted in the two short blocks. We address pilot structure for coherent data demodulation. The proposed coherent demodulation pilot may be transmitted in one or both short blocks. 
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Figure 1: Sub-frame structure
The GCL sequence is a good candidate as a reference signal because of the following properties:

1. Unit magnitude in the transform domain

2. Optimal cyclic auto-correlation

3. Low, constant cyclic cross-correlation for odd-length sequence

Because of the low, constant cyclic cross-correlation property, the GCL sequence is an ideal candidate for the uplink reference signal. The Zadoff-Chu sequence is a special case of the GCL sequence. The co-channel interference power is suppressed by the cyclic cross-correlation value. Figure 2 shows the co-channel interference mitigation characteristic of the GCL sequence for sequence lengths ranging from 3 to 151. The full-length sequence has the capability to suppress the interference by up to 21.8 dB. Although the shorter sequence does not have these very low cross correlation values, we observe that most of the gain is obtained with shorter sequences. For the sequence lengths of 13 and 25, that correspond to the resource block sizes of 1 and 2, the interference can be suppressed by –11.1 dB and –14.0 dB, respectively. We use a short sequence that corresponds to the smallest resource block as the constituent sequence, and construct longer pilot sequences for the larger resource block.

2.1 Pilot Sequence Generation

A GCL sequence of length P is generated in the time domain. For example, the Zadoff-Chu sequence 
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Figure 2: Co-channel interference mitigation characteristic of the GCL sequence.

The transmitter structure is shown in Figure 3. A GCL sequence of length P is used as the constituent sequence to generate the reference signal for users assigned multiple resource units. P is equal to the basic resource unit size. In the current numerology, the resource unit size for data transmission is 25 15-KHz subcarriers, which would make P equal to 12 or 13 30-kHz subcarriers  For a user assigned S resource blocks, repetition by S results in a length (S x P) sequence (in Figure 3 we show the case of S = 2). The sub-carrier mapping generates localized or distributed FDM reference signals that correspond to the assigned resource blocks of each user’s data transmission, be it localized or distributed. The resulting sequence is converted to time-domain by an N-point IFFT. After parallel-to-serial conversion, cyclic prefix (CP) is added before transmission.
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Figure 3: Transmitter structure of the proposed pilot. in the case of two resource units assigned for data transmission. P=length of the constituent sequence corresponding to the basic resource unit size for example in the current numerology this would be 12 or 13, corresponding to a resource unit size for the data transmission of 25 subcarriers.( 
Figure 4 illustrated the pilot structure in the frequency domain. Figure 4 (a) shows a localized pilot structure and Figure 4 (b) shows a distributed pilot structure. Suppose UEs 1 and 3 are assigned 2 basic resource units (S=2) and UEs 2 and 4 are assigned 1 basic resource unit (S=1). For UEs 1 and 3, repetition is used to generate a length-SxP reference sequence. For localized data mapping, pilot sub-carrier mapping generates the localized FDM pilot structure shown in (a). For distributed data mapping, the distributed FDM pilot structure shown in (b) may be used. 

The main advantage constructing the reference signal from constinuent sequences equal to the basic resource unit size is that such a choice will result in low cross-correlation between the reference signals of two cell edge users in adjacent cells, regardless of the number of resource units assigned to each user. This is illustrated with a simple example in Figure 5. In the example, if UE 1B had used a direct length 2P CAZAC sequence instead of using two length-P constinuent CAZAC sequences, it would not retain low cross correlation with UE 1A and UE 2A.
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Figure 4: Illustration of the proposed pilot in the frequency domain. (Number of users = 4, S=2 for UEs 1 and 3 and S=1 for UEs 2 and 4)
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Figure 5: Using constinuent length CAZAC sequences equal to the resource unit size ensures low reference signal cross correlation between users in adjacent cells regardless of resource unit allocation. In this example, UE 1A and UE 2A in Cell A are assigned one resource unit while UE 1B in Cell B is assigned 2 resource units in the same frequency band as UE 1A and UE 2A. Because UE 1B uses two constinuent length CAZAC sequences for its reference signal, it retains low cross-correlation with both UE 1A and UE 2A.

The fact that a sequence that is CAZAC in the time domain is also CAZAC in the frequency domain allows us to apply the CAZAC sequence directly in the frequency domain for the transmitter. Note that in the receiver however we will exploit the cyclic autocorrelation property in the time domain to obtain channel estimates, as illustrated in Figure 6. Note that channel estimation is done per resource unit, hence will have reduced time resolution as the bandwidth of the constituent reference signal is only equal to the resource unit bandwidth (~375 kHz in the current numerology); however, we obtain multiple channel estimates, one for each resource unit.
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Figure 6: Receiver structure of the proposed pilot. Time domain channel estimation is performed over each resource unit separately.

2.2 Pilot Sequence Allocation

Figure 7 illustrates a pilot sequence allocation rule for a 3 sector system with clover-leaf shape. Length-13 GCL sequences are considered. There are 12 GCL sequences of length 13. As an example, an allocation scheme with 1/12 reuse of GCL sequence is shown in the figure. Pilot sequence can be allocated initially when a user is admitted to a cell, and does not need to be scheduled, which simplifies user configuration.
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Figure 7: Illustration of pilot sequence allocation for neighboring cells. (Length-13 GCL sequence)
2.3 Sequence Length

The number of data sub-carriers in a basic resource unit is 25. On the average, 12.5 pilot sub-carriers may be allocated for each resource block. For 5 MHz bandwidth signal, the maximum number of users that can transmit simultaneously in a sub-frame is 12. There are a few options to generate the reference of desired length:

1. Option 1: Change in numerology

When Short Blocks are used for pilot, the number of pilot sub-carriers available per resource unit may be 12 or 13. By using Long Blocks for pilot, each resource unit can have equal number of pilot sub-carriers. 

2. Option 2: Change in numerology

If the number of available sub-carriers for short block is increased from the current value 150 to 156, length-13 sequence may be used to construct the reference signal for all resource block sizes. This is the most desirable option from sequence design point of view.

3. Option 3: Usage of length 12 sequences 

Use 12 pilot sub-carriers for all resource blocks. Overall, 12 x 12 = 144 pilot sub-carriers are used from the 150 available sub-carriers. There are drawbacks of the length-12 GCL sequence though. There are only a small number of length-12 GCL sequences, and constant low cyclic cross-correlation property does not hold for an even-length sequence. Therefore, truncated length-13 GCL sequence could also be used instead, but the truncated sequences do not preserve the ideal cross-correlation properties.

4. Option 4: Alternating length 12 and length 13 sequences 

The number of pilot sub-carriers may be 12 for 6 resource blocks, and 13 for the other resource blocks to fit into 150 pilot sub-carriers. GCL sequence of length P=13 may be used for the block with 13 sub-carriers. Length-12 GCL sequence may be generated by truncating the length-13 GCL sequence. 

3 Performance Aspects

3.1 Processing Gain

·  Using constinuent CAZAC sequences with length equal to the basic resource unit size, we will suffer reduced processing gain (PG) compared to a larger length CAZAC sequence.However, even for P=13, processing gain of 
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 is possible. 
3.2 Other-cell Interference Mitigation

Using constinuent CAZAC sequences with length equal to the basic resource unit size, we will reduced co-channel interference suppression compared to a larger length CAZAC sequence; however, as illustrated in Figure 2, even a length P = 13 we can obtain a significant –11.1 dB suppression.

4 Simulation Results

Table 1: Simulation parameters
	Transmission scheme
	Localized SC-FDMA

	Transmission Bandwidth
	5 MHz

	Sampling Rate
	7.68 Msps

	Sub-frame format
	0.5 msec (6 LBs, 2 SBs)

	TTI length
	1 sub-frame

	Number of pilot blocks
	2 SBs

	Data block size
	512 samples per block

	Pilot block size
	256 samples per block

	Cyclic prefix length
	31 samples

	Data modulation
	QPSK, 16-QAM

	Pilot sequence
	FDM GCL

	Pilot power offset from data
	0 dB

	Channel coding 
	Turbo, R=1/2

	Antenna configuration
	1 Tx, 2 Rx (uncorrelated)

	Channel profile
	GSM TU 6 Ray model 

	Fading model
	Jakes fading (velocity = 30 kmph)

	Channel estimation
	LMMSE time-domain interpolation

	Equalization
	Frequency-domain MMSE equalizer

	Time interpolation window size
	5 sub-frames

	LLR scaling
	Ideal
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Figure 8: Average BLER performance (a) QPSK (b) 16-QAM.  Even in the presence of a –3dB interferer for the reference signal, a reference signal created using the reduced length GCL sequences provides good interference suppression.

5 Summary

We proposed an FDM pilot structure for detection and coherent demodulation of the SC-FDMA signal. In particular, we propose to use the CAZAC sequence with optimal cross-correlation property for use as the FDM reference sequence. Furthermore, we propose to use a constituent CAZAC sequence with the length corresponding to the basic resource unit and to use repetition to construct a longer reference sequences.

6 Text Proposal

------------------------ Text Proposal for Uplink FDM Pilot Structure for Coherent Demodulation  ---------------
9.1.1.2.2
Uplink reference-signal structure

As indicated in Section 9.1.1, uplink reference signals are transmitted within the two short blocks, which are time-multiplexed with long blocks. Uplink reference signals are received and used at the Node B for the following two purposes:

· Uplink channel estimation for uplink coherent demodulation/detection

· Possible uplink channel-quality estimation for uplink frequency- and/or time-domain channel-dependent scheduling

Provided that uplink transmissions are received in a time-aligned fashion (within the cyclic-prefix tolerance), multiple mutually orthogonal reference signals can be created. Multiple such mutually orthogonal uplink reference signals can be allocated to 

· A single multi-transmit-antenna UE to support e.g. uplink multi-layer transmission (MIMO)

· Different UEs within the same Node B

As shown in Figure 9.1.1.2.2-1, the uplink reference-signal structure should allow for: 

· Localized reference signals occupying a continuous spectrum.

· Distributed reference signals occupying a comb-shaped spectrum.

Note that, due to the use of the short block for the transmission of reference-signals, the “sub-carrier bandwidth”, is twice the “sub-carrier bandwidth” for data transmission in long blocks.
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Figure 9.1.1.2.2-1 Distributed (left) and localized (right) reference-signal structure

Orthogonality between uplink reference signals can be achieved using the following methods: 

· By transmitting each uplink reference signal across a distinct set of sub-carriers, as in “Figure 9.1.1.2.2-2 left.” This solution achieves “signal orthogonality in the frequency domain” and applies to both localized and distributed reference-signal structures. This approach is referred to as FDM below. A CAZAC sequence may be used as the FDM reference signal to distinguish in-cell users from neighboring cell users for the purpose of co-channel interference mitigation. Different CAZAC sequences of the same length may be used in neighbouring cells.

· A constituent CAZAC sequence of length equal to the basic resource unit size may be used to construct the reference signal. For users utilizing multiple resource units, the reference sequence may be constructed by repeating the constituent CAZAC sequence.

· By constructing reference signals that are orthogonal in the “code domain”, with the signals transmitted across a common set of sub-carriers (example with contiguous sub carriers in Figure 9.1.1.2.2-2 right). As an example, individual reference signals may be distinguished by a specific cyclic shift of a single CAZAC sequence. This approach is referred to as CDM below.
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BLER_QPSK_TU30kmph

		-5.0892		-5.0892		-5.0892		-5.0892		-5.0892

		-4.0892		-4.0892		-4.0892		-4.0892		-4.0892

		-3.0892		-3.0892		-3.0892		-3.0892		-3.0892

		-2.0892		-2.0892		-2.0892		-2.0892		-2.0892

		-1.0892		-1.0892		-1.0892		-1.0892		-1.0892

		-0.0892		-0.0892		-0.0892		-0.0892		-0.0892

		0.91077		0.91077		0.91077		0.91077		0.91077

		1.91077		1.91077		1.91077		1.91077		1.91077

		2.91077		2.91077		2.91077		2.91077		2.91077

		3.91077		3.91077		3.91077		3.91077		3.91077

		4.91077		4.91077		4.91077		4.91077		4.91077

		5.91077		5.91077		5.91077		5.91077		5.91077

		6.91077		6.91077		6.91077		6.91077		6.91077

		7.91077		7.91077		7.91077		7.91077		7.91077

		8.91077		8.91077		8.91077		8.91077		8.91077

		9.91077		9.91077		9.91077		9.91077		9.91077

		10.9108		10.9108		10.9108		10.9108		10.9108

		11.9108		11.9108		11.9108		11.9108		11.9108

		12.9108		12.9108		12.9108		12.9108		12.9108

		13.9108		13.9108		13.9108		13.9108		13.9108

		14.9108		14.9108		14.9108		14.9108		14.9108



Ideal

OneShot, FDM tone

MMSE, FDM tone

OneShot, FDM-CAZAC

MMSE, FDM-CAZAC

Es/Nt per antenna

BLER

QPSK R=1/2, GSM TU 30 kmph, Antenna=1x2

0.999444

0.999798

0.999899

1

0.999495

0.993384

0.997071

0.997323

0.994343

0.966362

0.981312

0.981464

0.970605

0.87762

0.923481

0.923228

0.889944

0.703217

0.789787

0.790191

0.730542

0.463609

0.585434

0.585131

0.508157

0.236628

0.346078

0.346482

0.278145

0.0973281

0.161624

0.160665

0.121976

0.0343957

0.0664175

0.0655084

0.0478307

0.0104551

0.0237386

0.0242942

0.0159099

0.00272741

0.00727309

0.00717208

0.00474771

0.000757614

0.0020203

0.00191929

0.00156574

0

0.000858629

0.000707106

0.000404061

0

0.000101015

0.0000505076

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



MSE_QPSK_TU30kmph

		-5.0892		-5.0892		-5.0892		-5.0892		-5.0892

		-4.0892		-4.0892		-4.0892		-4.0892		-4.0892

		-3.0892		-3.0892		-3.0892		-3.0892		-3.0892

		-2.0892		-2.0892		-2.0892		-2.0892		-2.0892

		-1.0892		-1.0892		-1.0892		-1.0892		-1.0892

		-0.0892		-0.0892		-0.0892		-0.0892		-0.0892

		0.91077		0.91077		0.91077		0.91077		0.91077

		1.91077		1.91077		1.91077		1.91077		1.91077

		2.91077		2.91077		2.91077		2.91077		2.91077

		3.91077		3.91077		3.91077		3.91077		3.91077

		4.91077		4.91077		4.91077		4.91077		4.91077

		5.91077		5.91077		5.91077		5.91077		5.91077

		6.91077		6.91077		6.91077		6.91077		6.91077

		7.91077		7.91077		7.91077		7.91077		7.91077

		8.91077		8.91077		8.91077		8.91077		8.91077

		9.91077		9.91077		9.91077		9.91077		9.91077

		10.9108		10.9108		10.9108		10.9108		10.9108

		11.9108		11.9108		11.9108		11.9108		11.9108

		12.9108		12.9108		12.9108		12.9108		12.9108

		13.9108		13.9108		13.9108		13.9108		13.9108

		14.9108		14.9108		14.9108		14.9108		14.9108



Ideal

OneShot, FDM tone

MMSE, FDM tone

OneShot, FDM-CAZAC

MMSE, FDM-CAZAC

Es/Nt per antenna

MSE

QPSK R=1/2, GSM TU 30 kmph, Antenna=1x2

0

0.135808

0.139338

0.0194831

0.017979

0

0.111732

0.114351

0.0193214

0.0178068

0

0.0926066

0.0944894

0.0191928

0.0176699

0

0.0774132

0.0786976

0.0190906

0.017561

0

0.0653434

0.0661379

0.0190092

0.0174745

0

0.0557549

0.0561454

0.0189445

0.0174057

0

0.0481375

0.0481925

0.0188931

0.0173509

0

0.0420859

0.0418606

0.0188521

0.0173074

0

0.0372781

0.0368177

0.0188195

0.0172727

0

0.0334585

0.0328004

0.0187936

0.0172452

0

0.0304238

0.0295997

0.0187729

0.0172232

0

0.0280127

0.0270496

0.0187565

0.0172057

0

0.026097

0.0250181

0.0187434

0.0171918

0

0.0245749

0.0234004

0.0187329

0.0171807

0

0.0233654

0.0221127

0.0187246

0.0171719

0

0.0224044

0.0210885

0.0187179

0.0171649

0

0.0216406

0.0202746

0.0187126

0.0171593

0

0.0210337

0.0196287

0.0187084

0.0171548

0

0.0205514

0.0191173

0.018705

0.0171512

0

0.020168

0.0187089

0.0187023

0.0171483

0

0.0198633

0.0183843

0.0187001

0.0171461



Data_QPSK_TU30kmph

		QPSK, R = 1/2,  TTI=0.5ms, Localized (Full BW), GSM TU 30 kmph, Antenna=1x2, 2 SB, Poffset=0dB

		BLER, Time window = 5 sub-frames

		Es/No (dB)		Ideal		OneShot, FDM tone		MMSE, FDM tone		OneShot, FDM-CAZAC		MMSE, FDM-CAZAC

		-5.0892		0.999444		0.999798		0.999899		0.999495		0.999596

		-4.0892		0.993384		0.997071		0.997323		0.994343		0.994091

		-3.0892		0.966362		0.981312		0.981464		0.970605		0.970605

		-2.0892		0.87762		0.923481		0.923228		0.889944		0.88954

		-1.0892		0.703217		0.789787		0.790191		0.730542		0.729885

		-0.0892		0.463609		0.585434		0.585131		0.508157		0.506642

		0.91077		0.236628		0.346078		0.346482		0.278145		0.277186

		1.91077		0.0973281		0.161624		0.160665		0.121976		0.120461

		2.91077		0.0343957		0.0664175		0.0655084		0.0478307		0.046669

		3.91077		0.0104551		0.0237386		0.0242942		0.0159099		0.0159604

		4.91077		0.00272741		0.00727309		0.00717208		0.00474771		0.00449518

		5.91077		0.000757614		0.0020203		0.00191929		0.00156574		0.00136371

		6.91077		0		0.000858629		0.000707106		0.000404061		0.000353553

		7.91077		0		0.000101015		0.0000505076		0		0

		8.91077		0		0		0		0		0

		9.91077		0		0		0		0		0

		10.9108		0		0		0		0		0

		11.9108		0		0		0		0		0

		12.9108		0		0		0		0		0

		13.9108		0		0		0		0		0

		14.9108		0		0		0		0		0

		MSE

		Es/No (dB)		Ideal		OneShot, FDM tone		MMSE, FDM tone		OneShot, FDM-CAZAC		MMSE, FDM-CAZAC

		-5.0892		0		0.135808		0.139338		0.0194831		0.017979

		-4.0892		0		0.111732		0.114351		0.0193214		0.0178068

		-3.0892		0		0.0926066		0.0944894		0.0191928		0.0176699

		-2.0892		0		0.0774132		0.0786976		0.0190906		0.017561

		-1.0892		0		0.0653434		0.0661379		0.0190092		0.0174745

		-0.0892		0		0.0557549		0.0561454		0.0189445		0.0174057

		0.91077		0		0.0481375		0.0481925		0.0188931		0.0173509

		1.91077		0		0.0420859		0.0418606		0.0188521		0.0173074

		2.91077		0		0.0372781		0.0368177		0.0188195		0.0172727

		3.91077		0		0.0334585		0.0328004		0.0187936		0.0172452

		4.91077		0		0.0304238		0.0295997		0.0187729		0.0172232

		5.91077		0		0.0280127		0.0270496		0.0187565		0.0172057

		6.91077		0		0.026097		0.0250181		0.0187434		0.0171918

		7.91077		0		0.0245749		0.0234004		0.0187329		0.0171807

		8.91077		0		0.0233654		0.0221127		0.0187246		0.0171719

		9.91077		0		0.0224044		0.0210885		0.0187179		0.0171649

		10.9108		0		0.0216406		0.0202746		0.0187126		0.0171593

		11.9108		0		0.0210337		0.0196287		0.0187084		0.0171548

		12.9108		0		0.0205514		0.0191173		0.018705		0.0171512

		13.9108		0		0.020168		0.0187089		0.0187023		0.0171483

		14.9108		0		0.0198633		0.0183843		0.0187001		0.0171461





BLER_2User_QPSK_TU30kmph

		-5.0892		-5.0892		-5.0892		-5.0892		-5.0892

		-4.0892		-4.0892		-4.0892		-4.0892		-4.0892

		-3.0892		-3.0892		-3.0892		-3.0892		-3.0892

		-2.0892		-2.0892		-2.0892		-2.0892		-2.0892

		-1.0892		-1.0892		-1.0892		-1.0892		-1.0892

		-0.0892		-0.0892		-0.0892		-0.0892		-0.0892

		0.91077		0.91077		0.91077		0.91077		0.91077

		1.91077		1.91077		1.91077		1.91077		1.91077

		2.91077		2.91077		2.91077		2.91077		2.91077

		3.91077		3.91077		3.91077		3.91077		3.91077

		4.91077		4.91077		4.91077		4.91077		4.91077

		5.91077		5.91077		5.91077		5.91077		5.91077

		6.91077		6.91077		6.91077		6.91077		6.91077

		7.91077		7.91077		7.91077		7.91077		7.91077

		8.91077		8.91077		8.91077		8.91077		8.91077

		9.91077		9.91077		9.91077		9.91077		9.91077

		10.9108		10.9108		10.9108		10.9108		10.9108

		11.9108		11.9108		11.9108		11.9108		11.9108

		12.9108		12.9108		12.9108		12.9108		12.9108

		13.9108		13.9108		13.9108		13.9108		13.9108

		14.9108		14.9108		14.9108		14.9108		14.9108



Ideal

1 user, FDM-Tone

1 user, FDM-GCL

2 users, FDM-Tone

2 users, FDM-GCL

Es/Nt per antenna

BLER

QPSK R=1/2, TTI=0.5 ms, Interference power = -3dB, GSM TU 30kmph

0.999444

0.999899

0.999596

0.999848

0.999798

0.993889

0.997323

0.994091

0.999444

0.997172

0.967271

0.981464

0.970605

0.994444

0.981817

0.879085

0.923228

0.88954

0.975958

0.922774

0.703975

0.790191

0.729885

0.930653

0.792616

0.466034

0.585131

0.506642

0.842921

0.582454

0.236881

0.346482

0.277186

0.728572

0.348603

0.0970251

0.160665

0.120461

0.595737

0.165362

0.0344967

0.0655084

0.046669

0.462145

0.0657609

0.0101015

0.0242942

0.0159604

0.347543

0.0243447

0.00277792

0.00717208

0.00449518

0.262084

0.00742462

0.000707106

0.00191929

0.00136371

0.20294

0.00217183

0.0000505076

0.000707106

0.000353553

0.164756

0.000909137

0

0.0000505076

0

0.140462

0.0000505076

0

0

0

0.124754

0

0

0

0

0.116875

0

0

0

0

0.113794

0

0

0

0

0.116622

0

0

0

0

0.126774

0

0

0

0

0.145411

0

0

0

0

0.174201

0



MSE_2User_QPSK_TU30kmph

		-5.0892		-5.0892		-5.0892		-5.0892		-5.0892

		-4.0892		-4.0892		-4.0892		-4.0892		-4.0892

		-3.0892		-3.0892		-3.0892		-3.0892		-3.0892

		-2.0892		-2.0892		-2.0892		-2.0892		-2.0892

		-1.0892		-1.0892		-1.0892		-1.0892		-1.0892

		-0.0892		-0.0892		-0.0892		-0.0892		-0.0892

		0.91077		0.91077		0.91077		0.91077		0.91077

		1.91077		1.91077		1.91077		1.91077		1.91077

		2.91077		2.91077		2.91077		2.91077		2.91077

		3.91077		3.91077		3.91077		3.91077		3.91077

		4.91077		4.91077		4.91077		4.91077		4.91077

		5.91077		5.91077		5.91077		5.91077		5.91077

		6.91077		6.91077		6.91077		6.91077		6.91077

		7.91077		7.91077		7.91077		7.91077		7.91077

		8.91077		8.91077		8.91077		8.91077		8.91077

		9.91077		9.91077		9.91077		9.91077		9.91077

		10.9108		10.9108		10.9108		10.9108		10.9108

		11.9108		11.9108		11.9108		11.9108		11.9108

		12.9108		12.9108		12.9108		12.9108		12.9108

		13.9108		13.9108		13.9108		13.9108		13.9108

		14.9108		14.9108		14.9108		14.9108		14.9108



Ideal

1 user, FDM-Tone

1 user, FDM-GCL

2 users, FDM-Tone

2 users, FDM-GCL

Es/Nt per antenna

MSE

QPSK R=1/2, TTI=0.5 ms, Interference power = -3dB, GSM TU 30kmph

0

0.139338

0.017979

0.389167

0.140704

0

0.114351

0.0178068

0.364158

0.115731

0

0.0944894

0.0176699

0.344273

0.0958818

0

0.0786976

0.017561

0.328457

0.0801017

0

0.0661379

0.0174745

0.315873

0.0675529

0

0.0561454

0.0174057

0.305856

0.0575704

0

0.0481925

0.0173509

0.297879

0.0496267

0

0.0418606

0.0173074

0.291523

0.0433032

0

0.0368177

0.0172727

0.286458

0.0382679

0

0.0328004

0.0172452

0.28242

0.0342575

0

0.0295997

0.0172232

0.279201

0.031063

0

0.0270496

0.0172057

0.276635

0.0285185

0

0.0250181

0.0171918

0.274589

0.0264922

0

0.0234004

0.0171807

0.272958

0.024879

0

0.0221127

0.0171719

0.271658

0.0235955

0

0.0210885

0.0171649

0.270622

0.022575

0

0.0202746

0.0171593

0.269796

0.0217645

0

0.0196287

0.0171548

0.269138

0.0211218

0

0.0191173

0.0171512

0.268612

0.0206131

0

0.0187089

0.0171483

0.268204

0.0202072

0

0.0183843

0.0171461

0.267879

0.0198848



BLER_3gpp_QPSK

		-5.0892		-5.0892		-5.0892

		-4.0892		-4.0892		-4.0892

		-3.0892		-3.0892		-3.0892

		-2.0892		-2.0892		-2.0892

		-1.0892		-1.0892		-1.0892

		-0.0892		-0.0892		-0.0892

		0.91077		0.91077		0.91077

		1.91077		1.91077		1.91077

		2.91077		2.91077		2.91077

		3.91077		3.91077		3.91077

		4.91077		4.91077		4.91077

		5.91077		5.91077		5.91077

		6.91077		6.91077		6.91077

		7.91077		7.91077		7.91077

		8.91077		8.91077		8.91077

		9.91077		9.91077		9.91077

		10.9108		10.9108		10.9108



Ideal ChEst

No interferer

-3dB interferer

Es/Nt per antenna

BLER

QPSK R=1/2, GSM TU 30 kmph, Antenna=1x2

0.999444

0.999596

0.999798

0.993889

0.994091

0.997172

0.967271

0.970605

0.981817

0.879085

0.88954

0.922774

0.703975

0.729885

0.792616

0.466034

0.506642

0.582454

0.236881

0.277186

0.348603

0.0970251

0.120461

0.165362

0.0344967

0.046669

0.0657609

0.0101015

0.0159604

0.0243447

0.00277792

0.00449518

0.00742462

0.000707106

0.00136371

0.00217183

0.0000505076

0.000353553

0.000909137

0

0

0.0000505076

0

0

0

0

0

0

0

0

0



Data_2User_QPSK_TU30kmph

		2 pilot users, interference power = -3dB from pilot. QPSK, R = 1/2,  TTI=0.5ms, Localized (Full BW), GSM TU 30 kmph, Antenna=1x2, 2 SB, Poffset=0dB

		BLER, MMSE, Time window = 5 sub-frames

		Es/No (dB)		Ideal		1 user, FDM-Tone		1 user, FDM-GCL		2 users, FDM-Tone		2 users, FDM-GCL

		-5.0892		0.999444		0.999899		0.999596		0.999848		0.999798

		-4.0892		0.993889		0.997323		0.994091		0.999444		0.997172

		-3.0892		0.967271		0.981464		0.970605		0.994444		0.981817

		-2.0892		0.879085		0.923228		0.88954		0.975958		0.922774

		-1.0892		0.703975		0.790191		0.729885		0.930653		0.792616

		-0.0892		0.466034		0.585131		0.506642		0.842921		0.582454

		0.91077		0.236881		0.346482		0.277186		0.728572		0.348603

		1.91077		0.0970251		0.160665		0.120461		0.595737		0.165362

		2.91077		0.0344967		0.0655084		0.046669		0.462145		0.0657609

		3.91077		0.0101015		0.0242942		0.0159604		0.347543		0.0243447

		4.91077		0.00277792		0.00717208		0.00449518		0.262084		0.00742462

		5.91077		0.000707106		0.00191929		0.00136371		0.20294		0.00217183

		6.91077		0.0000505076		0.000707106		0.000353553		0.164756		0.000909137

		7.91077		0		0.0000505076		0		0.140462		0.0000505076

		8.91077		0		0		0		0.124754		0

		9.91077		0		0		0		0.116875		0

		10.9108		0		0		0		0.113794		0

		11.9108		0		0		0		0.116622		0

		12.9108		0		0		0		0.126774		0

		13.9108		0		0		0		0.145411		0

		14.9108		0		0		0		0.174201		0

		MSE

		Es/No (dB)		Ideal		1 user, FDM-Tone		1 user, FDM-GCL		2 users, FDM-Tone		2 users, FDM-GCL

		-5.0892		0		0.139338		0.017979		0.389167		0.140704

		-4.0892		0		0.114351		0.0178068		0.364158		0.115731

		-3.0892		0		0.0944894		0.0176699		0.344273		0.0958818

		-2.0892		0		0.0786976		0.017561		0.328457		0.0801017

		-1.0892		0		0.0661379		0.0174745		0.315873		0.0675529

		-0.0892		0		0.0561454		0.0174057		0.305856		0.0575704

		0.91077		0		0.0481925		0.0173509		0.297879		0.0496267

		1.91077		0		0.0418606		0.0173074		0.291523		0.0433032

		2.91077		0		0.0368177		0.0172727		0.286458		0.0382679

		3.91077		0		0.0328004		0.0172452		0.28242		0.0342575

		4.91077		0		0.0295997		0.0172232		0.279201		0.031063

		5.91077		0		0.0270496		0.0172057		0.276635		0.0285185

		6.91077		0		0.0250181		0.0171918		0.274589		0.0264922

		7.91077		0		0.0234004		0.0171807		0.272958		0.024879

		8.91077		0		0.0221127		0.0171719		0.271658		0.0235955

		9.91077		0		0.0210885		0.0171649		0.270622		0.022575

		10.9108		0		0.0202746		0.0171593		0.269796		0.0217645

		11.9108		0		0.0196287		0.0171548		0.269138		0.0211218

		12.9108		0		0.0191173		0.0171512		0.268612		0.0206131

		13.9108		0		0.0187089		0.0171483		0.268204		0.0202072

		14.9108		0		0.0183843		0.0171461		0.267879		0.0198848





BLER_16QAM_TU30kmph

		-0.0892293		-0.0892293		-0.0892293		-0.0892293		-0.0892293

		0.910771		0.910771		0.910771		0.910771		0.910771

		1.91077		1.91077		1.91077		1.91077		1.91077

		2.91077		2.91077		2.91077		2.91077		2.91077

		3.91077		3.91077		3.91077		3.91077		3.91077

		4.91077		4.91077		4.91077		4.91077		4.91077

		5.91077		5.91077		5.91077		5.91077		5.91077

		6.91077		6.91077		6.91077		6.91077		6.91077

		7.91077		7.91077		7.91077		7.91077		7.91077

		8.91077		8.91077		8.91077		8.91077		8.91077

		9.91077		9.91077		9.91077		9.91077		9.91077

		10.9108		10.9108		10.9108		10.9108		10.9108

		11.9108		11.9108		11.9108		11.9108		11.9108

		12.9108		12.9108		12.9108		12.9108		12.9108

		13.9108		13.9108		13.9108		13.9108		13.9108

		14.9108		14.9108		14.9108		14.9108		14.9108

		15.9108		15.9108		15.9108		15.9108		15.9108

		16.9108		16.9108		16.9108		16.9108		16.9108

		17.9108		17.9108		17.9108		17.9108		17.9108

		18.9108		18.9108		18.9108		18.9108		18.9108

		19.9108		19.9108		19.9108		19.9108		19.9108



Ideal

OneShot, FDM tone

MMSE, FDM tone

OneShot, FDM-CAZAC

MMSE, FDM-CAZAC

Es/Nt per antenna

BLER

16 QAM R=1/2, GSM TU 30 kmph, Antenna=1x2

1

1

1

0.999747

1

0.999747

0.999848

0.999848

0.99803

0.999747

0.997323

0.998687

0.998485

0.989949

0.997828

0.985151

0.990858

0.99101

0.962978

0.988434

0.940755

0.962321

0.96323

0.905096

0.953836

0.840952

0.89257

0.893884

0.808526

0.873276

0.660791

0.759786

0.76216

0.679479

0.728825

0.4328

0.578211

0.579373

0.519067

0.537098

0.222334

0.369665

0.368402

0.362897

0.328754

0.0945502

0.200414

0.197687

0.229001

0.169756

0.0343452

0.0935401

0.0918228

0.126926

0.0768221

0.0103036

0.0407091

0.0391939

0.0625789

0.0322238

0.00257589

0.0174756

0.0163645

0.0289914

0.013435

0.000707106

0.00681853

0.0060104

0.0142937

0.00474771

0.000101015

0.0026769

0.00222233

0.0053033

0.00181827

0

0.00126269

0.000959644

0.0026264

0.000757614

0

0.000555584

0.000404061

0.000353553

0

0.000252538

0.00020203

0.000151523

0

0.000101015

0.0000505076

0.0000505076

0

0.0000505076

0.0000505076

0

0

0

0

0



MSE_16QAM_TU30kmph

		-0.0892293		-0.0892293		-0.0892293		-0.0892293		-0.0892293

		0.910771		0.910771		0.910771		0.910771		0.910771

		1.91077		1.91077		1.91077		1.91077		1.91077

		2.91077		2.91077		2.91077		2.91077		2.91077

		3.91077		3.91077		3.91077		3.91077		3.91077

		4.91077		4.91077		4.91077		4.91077		4.91077

		5.91077		5.91077		5.91077		5.91077		5.91077

		6.91077		6.91077		6.91077		6.91077		6.91077

		7.91077		7.91077		7.91077		7.91077		7.91077

		8.91077		8.91077		8.91077		8.91077		8.91077

		9.91077		9.91077		9.91077		9.91077		9.91077

		10.9108		10.9108		10.9108		10.9108		10.9108

		11.9108		11.9108		11.9108		11.9108		11.9108

		12.9108		12.9108		12.9108		12.9108		12.9108

		13.9108		13.9108		13.9108		13.9108		13.9108

		14.9108		14.9108		14.9108		14.9108		14.9108

		15.9108		15.9108		15.9108		15.9108		15.9108

		16.9108		16.9108		16.9108		16.9108		16.9108

		17.9108		17.9108		17.9108		17.9108		17.9108

		18.9108		18.9108		18.9108		18.9108		18.9108

		19.9108		19.9108		19.9108		19.9108		19.9108



Ideal

OneShot, FDM tone

MMSE, FDM tone

OneShot, FDM-CAZAC

MMSE, FDM-CAZAC

Es/Nt per antenna

MSE

16 QAM R=1/2, GSM TU 30 kmph, Antenna=1x2

0

0.0556051

0.0560017

0.0189346

0.0173962

0

0.0480069

0.0480674

0.0188842

0.0173425

0

0.0419718

0.0417515

0.0188443

0.0172999

0

0.0371783

0.0367224

0.0188125

0.0172661

0

0.033371

0.0327169

0.0187874

0.0172392

0

0.030347

0.0295264

0.0187674

0.0172179

0

0.0279452

0.0269852

0.0187515

0.017201

0

0.0260375

0.0249615

0.018739

0.0171876

0

0.0245225

0.0233504

0.018729

0.017177

0

0.0233191

0.0220686

0.0187211

0.0171686

0

0.0223635

0.0210495

0.0187148

0.0171619

0

0.0216045

0.0202401

0.0187098

0.0171566

0

0.0210017

0.0195982

0.0187059

0.0171524

0

0.020523

0.0190902

0.0187028

0.0171491

0

0.0201429

0.0186849

0.0187003

0.0171465

0

0.019841

0.018363

0.0186984

0.0171444

0

0.0196013

0.0181075

0.0186968

0.0171427

0

0.019411

0.0179045

0.0186956

0.0171414

0

0.0192598

0.0177434

0.0186946

0.0171404

0

0.0191398

0.0176154

0.0186939

0.0171396

0

0.0190446

0.0175139

0.0186933

0.017139



Data_16QAM_TU30kmph

		16QAM, R = 1/2,  TTI=0.5ms, Localized (Full BW), GSM TU 30 kmph, Antenna=1x2, 2 SB, Poffset=0dB

		BLER, Time window = 5 sub-frames

		Es/No (dB)		Ideal		OneShot, FDM tone		MMSE, FDM tone		OneShot, FDM-CAZAC		MMSE, FDM-CAZAC

		-0.0892293		1		1		1		0.999747		1

		0.910771		0.999747		0.999848		0.999848		0.99803		0.999747

		1.91077		0.997323		0.998687		0.998485		0.989949		0.997828

		2.91077		0.985151		0.990858		0.99101		0.962978		0.988434

		3.91077		0.940755		0.962321		0.96323		0.905096		0.953836

		4.91077		0.840952		0.89257		0.893884		0.808526		0.873276

		5.91077		0.660791		0.759786		0.76216		0.679479		0.728825

		6.91077		0.4328		0.578211		0.579373		0.519067		0.537098

		7.91077		0.222334		0.369665		0.368402		0.362897		0.328754

		8.91077		0.0945502		0.200414		0.197687		0.229001		0.169756

		9.91077		0.0343452		0.0935401		0.0918228		0.126926		0.0768221

		10.9108		0.0103036		0.0407091		0.0391939		0.0625789		0.0322238

		11.9108		0.00257589		0.0174756		0.0163645		0.0289914		0.013435

		12.9108		0.000707106		0.00681853		0.0060104		0.0142937		0.00474771

		13.9108		0.000101015		0.0026769		0.00222233		0.0053033		0.00181827

		14.9108		0		0.00126269		0.000959644		0.0026264		0.000757614

		15.9108		0		0.000555584		0.000404061				0.000353553

		16.9108		0		0.000252538		0.00020203				0.000151523

		17.9108		0		0.000101015		0.0000505076				0.0000505076

		18.9108		0		0.0000505076		0.0000505076				0

		19.9108		0		0		0				0

		MSE

		Es/No (dB)		Ideal		OneShot, FDM tone		MMSE, FDM tone		OneShot, FDM-CAZAC		MMSE, FDM-CAZAC

		-0.0892293		0		0.0556051		0.0560017		0.0189346		0.0173962

		0.910771		0		0.0480069		0.0480674		0.0188842		0.0173425

		1.91077		0		0.0419718		0.0417515		0.0188443		0.0172999

		2.91077		0		0.0371783		0.0367224		0.0188125		0.0172661

		3.91077		0		0.033371		0.0327169		0.0187874		0.0172392

		4.91077		0		0.030347		0.0295264		0.0187674		0.0172179

		5.91077		0		0.0279452		0.0269852		0.0187515		0.017201

		6.91077		0		0.0260375		0.0249615		0.018739		0.0171876

		7.91077		0		0.0245225		0.0233504		0.018729		0.017177

		8.91077		0		0.0233191		0.0220686		0.0187211		0.0171686

		9.91077		0		0.0223635		0.0210495		0.0187148		0.0171619

		10.9108		0		0.0216045		0.0202401		0.0187098		0.0171566

		11.9108		0		0.0210017		0.0195982		0.0187059		0.0171524

		12.9108		0		0.020523		0.0190902		0.0187028		0.0171491

		13.9108		0		0.0201429		0.0186849		0.0187003		0.0171465

		14.9108		0		0.019841		0.018363		0.0186984		0.0171444

		15.9108		0		0.0196013		0.0181075		0.0186968		0.0171427

		16.9108		0		0.019411		0.0179045		0.0186956		0.0171414

		17.9108		0		0.0192598		0.0177434		0.0186946		0.0171404

		18.9108		0		0.0191398		0.0176154		0.0186939		0.0171396

		19.9108		0		0.0190446		0.0175139		0.0186933		0.017139





BLER_2User_16QAM_TU30kmph

		-0.0892293		-0.0892293		-0.0892293		-0.0892293		-0.0892293

		0.910771		0.910771		0.910771		0.910771		0.910771

		1.91077		1.91077		1.91077		1.91077		1.91077

		2.91077		2.91077		2.91077		2.91077		2.91077

		3.91077		3.91077		3.91077		3.91077		3.91077

		4.91077		4.91077		4.91077		4.91077		4.91077

		5.91077		5.91077		5.91077		5.91077		5.91077

		6.91077		6.91077		6.91077		6.91077		6.91077

		7.91077		7.91077		7.91077		7.91077		7.91077

		8.91077		8.91077		8.91077		8.91077		8.91077

		9.91077		9.91077		9.91077		9.91077		9.91077

		10.9108		10.9108		10.9108		10.9108		10.9108

		11.9108		11.9108		11.9108		11.9108		11.9108

		12.9108		12.9108		12.9108		12.9108		12.9108

		13.9108		13.9108		13.9108		13.9108		13.9108

		14.9108		14.9108		14.9108		14.9108		14.9108

		15.9108		15.9108		15.9108		15.9108		15.9108

		16.9108		16.9108		16.9108		16.9108		16.9108

		17.9108		17.9108		17.9108		17.9108		17.9108

		18.9108		18.9108		18.9108		18.9108		18.9108

		19.9108		19.9108		19.9108		19.9108		19.9108



Ideal

1 user, FDM-Tone

1 user, FDM-GCL

2 users, FDM-Tone

2 users, FDM-GCL

Es/Nt per antenna

BLER

16QAM R=1/2, TTI=0.5ms, Interference power = -3dB, GSM TU 30kmph

1

1

1

1

1

0.999848

0.999848

0.999747

1

0.999949

0.997273

0.998485

0.997828

0.999646

0.998636

0.984646

0.99101

0.988434

0.999293

0.991818

0.940199

0.96323

0.953836

0.997323

0.964241

0.840143

0.893884

0.873276

0.992878

0.895752

0.662609

0.76216

0.728825

0.983989

0.767665

0.431082

0.579373

0.537098

0.97111

0.587201

0.22188

0.368402

0.328754

0.952725

0.378908

0.0949543

0.197687

0.169756

0.934896

0.206576

0.0348502

0.0918228

0.0768221

0.915551

0.0996515

0.010152

0.0391939

0.0322238

0.900904

0.0446487

0.00277792

0.0163645

0.013435

0.890045

0.0189404

0.000707106

0.0060104

0.00474771

0.883327

0.00752563

0.0000505076

0.00222233

0.00181827

0.882822

0.0026264

0

0.000959644

0.000757614

0.886408

0.00136371

0

0.000404061

0.000353553

0.894641

0.000757614

0

0.00020203

0.000151523

0.908581

0.000303046

0

0.0000505076

0.0000505076

0.924138

0.00020203

0

0.0000505076

0

0.941007

0.000101015

0

0

0

0.956058

0



MSE_2User_16QAM_TU30kmph

		-0.0892293		-0.0892293		-0.0892293		-0.0892293		-0.0892293

		0.910771		0.910771		0.910771		0.910771		0.910771

		1.91077		1.91077		1.91077		1.91077		1.91077

		2.91077		2.91077		2.91077		2.91077		2.91077

		3.91077		3.91077		3.91077		3.91077		3.91077

		4.91077		4.91077		4.91077		4.91077		4.91077

		5.91077		5.91077		5.91077		5.91077		5.91077

		6.91077		6.91077		6.91077		6.91077		6.91077

		7.91077		7.91077		7.91077		7.91077		7.91077

		8.91077		8.91077		8.91077		8.91077		8.91077

		9.91077		9.91077		9.91077		9.91077		9.91077

		10.9108		10.9108		10.9108		10.9108		10.9108

		11.9108		11.9108		11.9108		11.9108		11.9108

		12.9108		12.9108		12.9108		12.9108		12.9108

		13.9108		13.9108		13.9108		13.9108		13.9108

		14.9108		14.9108		14.9108		14.9108		14.9108

		15.9108		15.9108		15.9108		15.9108		15.9108

		16.9108		16.9108		16.9108		16.9108		16.9108

		17.9108		17.9108		17.9108		17.9108		17.9108

		18.9108		18.9108		18.9108		18.9108		18.9108

		19.9108		19.9108		19.9108		19.9108		19.9108



Ideal

1 user, FDM-Tone

1 user, FDM-GCL

2 users, FDM-Tone

2 users, FDM-GCL

Es/Nt per antenna

MSE

16QAM R=1/2, TTI=0.5ms, Interference power = -3dB, GSM TU 30kmph

0

0.0560017

0.0173962

0.305527

0.0575352

0

0.0480674

0.0173425

0.297588

0.0495969

0

0.0417515

0.0172999

0.291265

0.0432779

0

0.0367224

0.0172661

0.286229

0.0382464

0

0.0327169

0.0172392

0.282217

0.0342391

0

0.0295264

0.0172179

0.279021

0.0310473

0

0.0269852

0.017201

0.276475

0.0285051

0

0.0249615

0.0171876

0.274447

0.0264806

0

0.0233504

0.017177

0.272832

0.0248691

0

0.0220686

0.0171686

0.271546

0.0235869

0

0.0210495

0.0171619

0.270522

0.0225676

0

0.0202401

0.0171566

0.269707

0.021758

0

0.0195982

0.0171524

0.269059

0.0211161

0

0.0190902

0.0171491

0.268542

0.0206082

0

0.0186849

0.0171465

0.268141

0.0202029

0

0.018363

0.0171444

0.267823

0.019881

0

0.0181075

0.0171427

0.267571

0.0196255

0

0.0179045

0.0171414

0.267372

0.0194226

0

0.0177434

0.0171404

0.267213

0.0192615

0

0.0176154

0.0171396

0.267088

0.0191336

0

0.0175139

0.017139

0.266989

0.0190321



Data_2User_16QAM_TU30kmph

		2 pilot users, interference power = -3dB from pilot. 16QAM, R = 1/2,  TTI=0.5ms, Localized (Full BW), GSM TU 30 kmph, Antenna=1x2, 2 SB, Poffset=0dB

		BLER, MMSE, Time window = 5 sub-frames

		Es/No (dB)		Ideal		1 user, FDM-Tone		1 user, FDM-GCL		2 users, FDM-Tone		2 users, FDM-GCL

		-0.0892293		1		1		1		1		1

		0.910771		0.999848		0.999848		0.999747		1		0.999949

		1.91077		0.997273		0.998485		0.997828		0.999646		0.998636

		2.91077		0.984646		0.99101		0.988434		0.999293		0.991818

		3.91077		0.940199		0.96323		0.953836		0.997323		0.964241

		4.91077		0.840143		0.893884		0.873276		0.992878		0.895752

		5.91077		0.662609		0.76216		0.728825		0.983989		0.767665

		6.91077		0.431082		0.579373		0.537098		0.97111		0.587201

		7.91077		0.22188		0.368402		0.328754		0.952725		0.378908

		8.91077		0.0949543		0.197687		0.169756		0.934896		0.206576

		9.91077		0.0348502		0.0918228		0.0768221		0.915551		0.0996515

		10.9108		0.010152		0.0391939		0.0322238		0.900904		0.0446487

		11.9108		0.00277792		0.0163645		0.013435		0.890045		0.0189404

		12.9108		0.000707106		0.0060104		0.00474771		0.883327		0.00752563

		13.9108		0.0000505076		0.00222233		0.00181827		0.882822		0.0026264

		14.9108		0		0.000959644		0.000757614		0.886408		0.00136371

		15.9108		0		0.000404061		0.000353553		0.894641		0.000757614

		16.9108		0		0.00020203		0.000151523		0.908581		0.000303046

		17.9108		0		0.0000505076		0.0000505076		0.924138		0.00020203

		18.9108		0		0.0000505076		0		0.941007		0.000101015

		19.9108		0		0		0		0.956058		0

		MSE

		Es/No (dB)		Ideal		1 user, FDM-Tone		1 user, FDM-GCL		2 users, FDM-Tone		2 users, FDM-GCL

		-0.0892293		0		0.0560017		0.0173962		0.305527		0.0575352

		0.910771		0		0.0480674		0.0173425		0.297588		0.0495969

		1.91077		0		0.0417515		0.0172999		0.291265		0.0432779

		2.91077		0		0.0367224		0.0172661		0.286229		0.0382464

		3.91077		0		0.0327169		0.0172392		0.282217		0.0342391

		4.91077		0		0.0295264		0.0172179		0.279021		0.0310473

		5.91077		0		0.0269852		0.017201		0.276475		0.0285051

		6.91077		0		0.0249615		0.0171876		0.274447		0.0264806

		7.91077		0		0.0233504		0.017177		0.272832		0.0248691

		8.91077		0		0.0220686		0.0171686		0.271546		0.0235869

		9.91077		0		0.0210495		0.0171619		0.270522		0.0225676

		10.9108		0		0.0202401		0.0171566		0.269707		0.021758

		11.9108		0		0.0195982		0.0171524		0.269059		0.0211161

		12.9108		0		0.0190902		0.0171491		0.268542		0.0206082

		13.9108		0		0.0186849		0.0171465		0.268141		0.0202029

		14.9108		0		0.018363		0.0171444		0.267823		0.019881

		15.9108		0		0.0181075		0.0171427		0.267571		0.0196255

		16.9108		0		0.0179045		0.0171414		0.267372		0.0194226

		17.9108		0		0.0177434		0.0171404		0.267213		0.0192615

		18.9108		0		0.0176154		0.0171396		0.267088		0.0191336

		19.9108		0		0.0175139		0.017139		0.266989		0.0190321






_1213002965.xls
BLER_QPSK_TU30kmph

		-5.0892		-5.0892		-5.0892		-5.0892		-5.0892

		-4.0892		-4.0892		-4.0892		-4.0892		-4.0892

		-3.0892		-3.0892		-3.0892		-3.0892		-3.0892

		-2.0892		-2.0892		-2.0892		-2.0892		-2.0892

		-1.0892		-1.0892		-1.0892		-1.0892		-1.0892

		-0.0892		-0.0892		-0.0892		-0.0892		-0.0892

		0.91077		0.91077		0.91077		0.91077		0.91077

		1.91077		1.91077		1.91077		1.91077		1.91077

		2.91077		2.91077		2.91077		2.91077		2.91077

		3.91077		3.91077		3.91077		3.91077		3.91077

		4.91077		4.91077		4.91077		4.91077		4.91077

		5.91077		5.91077		5.91077		5.91077		5.91077

		6.91077		6.91077		6.91077		6.91077		6.91077

		7.91077		7.91077		7.91077		7.91077		7.91077

		8.91077		8.91077		8.91077		8.91077		8.91077

		9.91077		9.91077		9.91077		9.91077		9.91077

		10.9108		10.9108		10.9108		10.9108		10.9108

		11.9108		11.9108		11.9108		11.9108		11.9108

		12.9108		12.9108		12.9108		12.9108		12.9108

		13.9108		13.9108		13.9108		13.9108		13.9108

		14.9108		14.9108		14.9108		14.9108		14.9108



Ideal

OneShot, FDM tone

MMSE, FDM tone

OneShot, FDM-CAZAC

MMSE, FDM-CAZAC

Es/Nt per antenna

BLER

QPSK R=1/2, GSM TU 30 kmph, Antenna=1x2

0.999444

0.999798

0.999899

1

0.999495

0.993384

0.997071

0.997323

0.994343

0.966362

0.981312

0.981464

0.970605

0.87762

0.923481

0.923228

0.889944

0.703217

0.789787

0.790191

0.730542

0.463609

0.585434

0.585131

0.508157

0.236628

0.346078

0.346482

0.278145

0.0973281

0.161624

0.160665

0.121976

0.0343957

0.0664175

0.0655084

0.0478307

0.0104551

0.0237386

0.0242942

0.0159099

0.00272741

0.00727309

0.00717208

0.00474771

0.000757614

0.0020203

0.00191929

0.00156574

0

0.000858629

0.000707106

0.000404061

0

0.000101015

0.0000505076

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



MSE_QPSK_TU30kmph

		-5.0892		-5.0892		-5.0892		-5.0892		-5.0892

		-4.0892		-4.0892		-4.0892		-4.0892		-4.0892

		-3.0892		-3.0892		-3.0892		-3.0892		-3.0892

		-2.0892		-2.0892		-2.0892		-2.0892		-2.0892

		-1.0892		-1.0892		-1.0892		-1.0892		-1.0892

		-0.0892		-0.0892		-0.0892		-0.0892		-0.0892

		0.91077		0.91077		0.91077		0.91077		0.91077

		1.91077		1.91077		1.91077		1.91077		1.91077

		2.91077		2.91077		2.91077		2.91077		2.91077

		3.91077		3.91077		3.91077		3.91077		3.91077

		4.91077		4.91077		4.91077		4.91077		4.91077

		5.91077		5.91077		5.91077		5.91077		5.91077

		6.91077		6.91077		6.91077		6.91077		6.91077

		7.91077		7.91077		7.91077		7.91077		7.91077

		8.91077		8.91077		8.91077		8.91077		8.91077

		9.91077		9.91077		9.91077		9.91077		9.91077

		10.9108		10.9108		10.9108		10.9108		10.9108

		11.9108		11.9108		11.9108		11.9108		11.9108

		12.9108		12.9108		12.9108		12.9108		12.9108

		13.9108		13.9108		13.9108		13.9108		13.9108

		14.9108		14.9108		14.9108		14.9108		14.9108



Ideal

OneShot, FDM tone

MMSE, FDM tone

OneShot, FDM-CAZAC

MMSE, FDM-CAZAC

Es/Nt per antenna

MSE

QPSK R=1/2, GSM TU 30 kmph, Antenna=1x2

0

0.135808

0.139338

0.0194831

0.017979

0

0.111732

0.114351

0.0193214

0.0178068

0

0.0926066

0.0944894

0.0191928

0.0176699

0

0.0774132

0.0786976

0.0190906

0.017561

0

0.0653434

0.0661379

0.0190092

0.0174745

0

0.0557549

0.0561454

0.0189445

0.0174057

0

0.0481375

0.0481925

0.0188931

0.0173509

0

0.0420859

0.0418606

0.0188521

0.0173074

0

0.0372781

0.0368177

0.0188195

0.0172727

0

0.0334585

0.0328004

0.0187936

0.0172452

0

0.0304238

0.0295997

0.0187729

0.0172232

0

0.0280127

0.0270496

0.0187565

0.0172057

0

0.026097

0.0250181

0.0187434

0.0171918

0

0.0245749

0.0234004

0.0187329

0.0171807

0

0.0233654

0.0221127

0.0187246

0.0171719

0

0.0224044

0.0210885

0.0187179

0.0171649

0

0.0216406

0.0202746

0.0187126

0.0171593

0

0.0210337

0.0196287

0.0187084

0.0171548

0

0.0205514

0.0191173

0.018705

0.0171512

0

0.020168

0.0187089

0.0187023

0.0171483

0

0.0198633

0.0183843

0.0187001

0.0171461



Data_QPSK_TU30kmph

		QPSK, R = 1/2,  TTI=0.5ms, Localized (Full BW), GSM TU 30 kmph, Antenna=1x2, 2 SB, Poffset=0dB

		BLER, Time window = 5 sub-frames

		Es/No (dB)		Ideal		OneShot, FDM tone		MMSE, FDM tone		OneShot, FDM-CAZAC		MMSE, FDM-CAZAC

		-5.0892		0.999444		0.999798		0.999899		0.999495		0.999596

		-4.0892		0.993384		0.997071		0.997323		0.994343		0.994091

		-3.0892		0.966362		0.981312		0.981464		0.970605		0.970605

		-2.0892		0.87762		0.923481		0.923228		0.889944		0.88954

		-1.0892		0.703217		0.789787		0.790191		0.730542		0.729885

		-0.0892		0.463609		0.585434		0.585131		0.508157		0.506642

		0.91077		0.236628		0.346078		0.346482		0.278145		0.277186

		1.91077		0.0973281		0.161624		0.160665		0.121976		0.120461

		2.91077		0.0343957		0.0664175		0.0655084		0.0478307		0.046669

		3.91077		0.0104551		0.0237386		0.0242942		0.0159099		0.0159604

		4.91077		0.00272741		0.00727309		0.00717208		0.00474771		0.00449518

		5.91077		0.000757614		0.0020203		0.00191929		0.00156574		0.00136371

		6.91077		0		0.000858629		0.000707106		0.000404061		0.000353553

		7.91077		0		0.000101015		0.0000505076		0		0

		8.91077		0		0		0		0		0

		9.91077		0		0		0		0		0

		10.9108		0		0		0		0		0

		11.9108		0		0		0		0		0

		12.9108		0		0		0		0		0

		13.9108		0		0		0		0		0

		14.9108		0		0		0		0		0

		MSE

		Es/No (dB)		Ideal		OneShot, FDM tone		MMSE, FDM tone		OneShot, FDM-CAZAC		MMSE, FDM-CAZAC

		-5.0892		0		0.135808		0.139338		0.0194831		0.017979

		-4.0892		0		0.111732		0.114351		0.0193214		0.0178068

		-3.0892		0		0.0926066		0.0944894		0.0191928		0.0176699

		-2.0892		0		0.0774132		0.0786976		0.0190906		0.017561

		-1.0892		0		0.0653434		0.0661379		0.0190092		0.0174745

		-0.0892		0		0.0557549		0.0561454		0.0189445		0.0174057

		0.91077		0		0.0481375		0.0481925		0.0188931		0.0173509

		1.91077		0		0.0420859		0.0418606		0.0188521		0.0173074

		2.91077		0		0.0372781		0.0368177		0.0188195		0.0172727

		3.91077		0		0.0334585		0.0328004		0.0187936		0.0172452

		4.91077		0		0.0304238		0.0295997		0.0187729		0.0172232

		5.91077		0		0.0280127		0.0270496		0.0187565		0.0172057

		6.91077		0		0.026097		0.0250181		0.0187434		0.0171918

		7.91077		0		0.0245749		0.0234004		0.0187329		0.0171807

		8.91077		0		0.0233654		0.0221127		0.0187246		0.0171719

		9.91077		0		0.0224044		0.0210885		0.0187179		0.0171649

		10.9108		0		0.0216406		0.0202746		0.0187126		0.0171593

		11.9108		0		0.0210337		0.0196287		0.0187084		0.0171548

		12.9108		0		0.0205514		0.0191173		0.018705		0.0171512

		13.9108		0		0.020168		0.0187089		0.0187023		0.0171483

		14.9108		0		0.0198633		0.0183843		0.0187001		0.0171461





BLER_2User_QPSK_TU30kmph

		-5.0892		-5.0892		-5.0892		-5.0892		-5.0892

		-4.0892		-4.0892		-4.0892		-4.0892		-4.0892

		-3.0892		-3.0892		-3.0892		-3.0892		-3.0892

		-2.0892		-2.0892		-2.0892		-2.0892		-2.0892

		-1.0892		-1.0892		-1.0892		-1.0892		-1.0892

		-0.0892		-0.0892		-0.0892		-0.0892		-0.0892

		0.91077		0.91077		0.91077		0.91077		0.91077

		1.91077		1.91077		1.91077		1.91077		1.91077

		2.91077		2.91077		2.91077		2.91077		2.91077

		3.91077		3.91077		3.91077		3.91077		3.91077

		4.91077		4.91077		4.91077		4.91077		4.91077

		5.91077		5.91077		5.91077		5.91077		5.91077

		6.91077		6.91077		6.91077		6.91077		6.91077

		7.91077		7.91077		7.91077		7.91077		7.91077

		8.91077		8.91077		8.91077		8.91077		8.91077

		9.91077		9.91077		9.91077		9.91077		9.91077

		10.9108		10.9108		10.9108		10.9108		10.9108

		11.9108		11.9108		11.9108		11.9108		11.9108

		12.9108		12.9108		12.9108		12.9108		12.9108

		13.9108		13.9108		13.9108		13.9108		13.9108

		14.9108		14.9108		14.9108		14.9108		14.9108



Ideal

1 user, FDM-Tone

1 user, FDM-GCL

2 users, FDM-Tone

2 users, FDM-GCL

Es/Nt per antenna

BLER

QPSK R=1/2, TTI=0.5 ms, Interference power = -3dB, GSM TU 30kmph

0.999444

0.999899

0.999596

0.999848

0.999798

0.993889

0.997323

0.994091

0.999444

0.997172

0.967271

0.981464

0.970605

0.994444

0.981817

0.879085

0.923228

0.88954

0.975958

0.922774

0.703975

0.790191

0.729885

0.930653

0.792616

0.466034

0.585131

0.506642

0.842921

0.582454

0.236881

0.346482

0.277186

0.728572

0.348603

0.0970251

0.160665

0.120461

0.595737

0.165362

0.0344967

0.0655084

0.046669

0.462145

0.0657609

0.0101015

0.0242942

0.0159604

0.347543

0.0243447

0.00277792

0.00717208

0.00449518

0.262084

0.00742462

0.000707106

0.00191929

0.00136371

0.20294

0.00217183

0.0000505076

0.000707106

0.000353553

0.164756

0.000909137

0

0.0000505076

0

0.140462

0.0000505076

0

0

0

0.124754

0

0

0

0

0.116875

0

0

0

0

0.113794

0

0

0

0

0.116622

0

0

0

0

0.126774

0

0

0

0

0.145411

0

0

0

0

0.174201

0



MSE_2User_QPSK_TU30kmph

		-5.0892		-5.0892		-5.0892		-5.0892		-5.0892

		-4.0892		-4.0892		-4.0892		-4.0892		-4.0892

		-3.0892		-3.0892		-3.0892		-3.0892		-3.0892

		-2.0892		-2.0892		-2.0892		-2.0892		-2.0892

		-1.0892		-1.0892		-1.0892		-1.0892		-1.0892

		-0.0892		-0.0892		-0.0892		-0.0892		-0.0892

		0.91077		0.91077		0.91077		0.91077		0.91077

		1.91077		1.91077		1.91077		1.91077		1.91077

		2.91077		2.91077		2.91077		2.91077		2.91077

		3.91077		3.91077		3.91077		3.91077		3.91077

		4.91077		4.91077		4.91077		4.91077		4.91077

		5.91077		5.91077		5.91077		5.91077		5.91077

		6.91077		6.91077		6.91077		6.91077		6.91077

		7.91077		7.91077		7.91077		7.91077		7.91077

		8.91077		8.91077		8.91077		8.91077		8.91077

		9.91077		9.91077		9.91077		9.91077		9.91077

		10.9108		10.9108		10.9108		10.9108		10.9108

		11.9108		11.9108		11.9108		11.9108		11.9108

		12.9108		12.9108		12.9108		12.9108		12.9108

		13.9108		13.9108		13.9108		13.9108		13.9108

		14.9108		14.9108		14.9108		14.9108		14.9108



Ideal

1 user, FDM-Tone

1 user, FDM-GCL

2 users, FDM-Tone

2 users, FDM-GCL

Es/Nt per antenna

MSE

QPSK R=1/2, TTI=0.5 ms, Interference power = -3dB, GSM TU 30kmph

0

0.139338

0.017979

0.389167

0.140704

0

0.114351

0.0178068

0.364158

0.115731

0

0.0944894

0.0176699

0.344273

0.0958818

0

0.0786976

0.017561

0.328457

0.0801017

0

0.0661379

0.0174745

0.315873

0.0675529

0

0.0561454

0.0174057

0.305856

0.0575704

0

0.0481925

0.0173509

0.297879

0.0496267

0

0.0418606

0.0173074

0.291523

0.0433032

0

0.0368177

0.0172727

0.286458

0.0382679

0

0.0328004

0.0172452

0.28242

0.0342575

0

0.0295997

0.0172232

0.279201

0.031063

0

0.0270496

0.0172057

0.276635

0.0285185

0

0.0250181

0.0171918

0.274589

0.0264922

0

0.0234004

0.0171807

0.272958

0.024879

0

0.0221127

0.0171719

0.271658

0.0235955

0

0.0210885

0.0171649

0.270622

0.022575

0

0.0202746

0.0171593

0.269796

0.0217645

0

0.0196287

0.0171548

0.269138

0.0211218

0

0.0191173

0.0171512

0.268612

0.0206131

0

0.0187089

0.0171483

0.268204

0.0202072

0

0.0183843

0.0171461

0.267879

0.0198848



BLER_3gpp_QPSK

		-5.0892		-5.0892		-5.0892		-5.0892		-5.0892

		-4.0892		-4.0892		-4.0892		-4.0892		-4.0892

		-3.0892		-3.0892		-3.0892		-3.0892		-3.0892

		-2.0892		-2.0892		-2.0892		-2.0892		-2.0892

		-1.0892		-1.0892		-1.0892		-1.0892		-1.0892

		-0.0892		-0.0892		-0.0892		-0.0892		-0.0892

		0.91077		0.91077		0.91077		0.91077		0.91077

		1.91077		1.91077		1.91077		1.91077		1.91077

		2.91077		2.91077		2.91077		2.91077		2.91077

		3.91077		3.91077		3.91077		3.91077		3.91077

		4.91077		4.91077		4.91077		4.91077		4.91077

		5.91077		5.91077		5.91077		5.91077		5.91077

		6.91077		6.91077		6.91077		6.91077		6.91077

		7.91077		7.91077		7.91077		7.91077		7.91077

		8.91077		8.91077		8.91077		8.91077		8.91077

		9.91077		9.91077		9.91077		9.91077		9.91077

		10.9108		10.9108		10.9108		10.9108		10.9108



Ideal

1 user, FDM-Tone

1 user, FDM-GCL

2 users, FDM-Tone

2 users, FDM-GCL

Es/Nt per antenna

BLER

QPSK R=1/2, GSM TU 30 kmph, Antenna=1x2

0.999444

0.999899

0.999596

0.999848

0.999798

0.993889

0.997323

0.994091

0.999444

0.997172

0.967271

0.981464

0.970605

0.994444

0.981817

0.879085

0.923228

0.88954

0.975958

0.922774

0.703975

0.790191

0.729885

0.930653

0.792616

0.466034

0.585131

0.506642

0.842921

0.582454

0.236881

0.346482

0.277186

0.728572

0.348603

0.0970251

0.160665

0.120461

0.595737

0.165362

0.0344967

0.0655084

0.046669

0.462145

0.0657609

0.0101015

0.0242942

0.0159604

0.347543

0.0243447

0.00277792

0.00717208

0.00449518

0.262084

0.00742462

0.000707106

0.00191929

0.00136371

0.20294

0.00217183

0.0000505076

0.000707106

0.000353553

0.164756

0.000909137

0

0.0000505076

0

0.140462

0.0000505076

0

0

0

0.124754

0

0

0

0

0.116875

0

0

0

0

0.113794

0



Data_2User_QPSK_TU30kmph

		2 pilot users, interference power = -3dB from pilot. QPSK, R = 1/2,  TTI=0.5ms, Localized (Full BW), GSM TU 30 kmph, Antenna=1x2, 2 SB, Poffset=0dB

		BLER, MMSE, Time window = 5 sub-frames

		Es/No (dB)		Ideal		1 user, FDM-Tone		1 user, FDM-GCL		2 users, FDM-Tone		2 users, FDM-GCL

		-5.0892		0.999444		0.999899		0.999596		0.999848		0.999798

		-4.0892		0.993889		0.997323		0.994091		0.999444		0.997172

		-3.0892		0.967271		0.981464		0.970605		0.994444		0.981817

		-2.0892		0.879085		0.923228		0.88954		0.975958		0.922774

		-1.0892		0.703975		0.790191		0.729885		0.930653		0.792616

		-0.0892		0.466034		0.585131		0.506642		0.842921		0.582454

		0.91077		0.236881		0.346482		0.277186		0.728572		0.348603

		1.91077		0.0970251		0.160665		0.120461		0.595737		0.165362

		2.91077		0.0344967		0.0655084		0.046669		0.462145		0.0657609

		3.91077		0.0101015		0.0242942		0.0159604		0.347543		0.0243447

		4.91077		0.00277792		0.00717208		0.00449518		0.262084		0.00742462

		5.91077		0.000707106		0.00191929		0.00136371		0.20294		0.00217183

		6.91077		0.0000505076		0.000707106		0.000353553		0.164756		0.000909137

		7.91077		0		0.0000505076		0		0.140462		0.0000505076

		8.91077		0		0		0		0.124754		0

		9.91077		0		0		0		0.116875		0

		10.9108		0		0		0		0.113794		0

		11.9108		0		0		0		0.116622		0

		12.9108		0		0		0		0.126774		0

		13.9108		0		0		0		0.145411		0

		14.9108		0		0		0		0.174201		0

		MSE

		Es/No (dB)		Ideal		1 user, FDM-Tone		1 user, FDM-GCL		2 users, FDM-Tone		2 users, FDM-GCL

		-5.0892		0		0.139338		0.017979		0.389167		0.140704

		-4.0892		0		0.114351		0.0178068		0.364158		0.115731

		-3.0892		0		0.0944894		0.0176699		0.344273		0.0958818

		-2.0892		0		0.0786976		0.017561		0.328457		0.0801017

		-1.0892		0		0.0661379		0.0174745		0.315873		0.0675529

		-0.0892		0		0.0561454		0.0174057		0.305856		0.0575704

		0.91077		0		0.0481925		0.0173509		0.297879		0.0496267

		1.91077		0		0.0418606		0.0173074		0.291523		0.0433032

		2.91077		0		0.0368177		0.0172727		0.286458		0.0382679

		3.91077		0		0.0328004		0.0172452		0.28242		0.0342575

		4.91077		0		0.0295997		0.0172232		0.279201		0.031063

		5.91077		0		0.0270496		0.0172057		0.276635		0.0285185

		6.91077		0		0.0250181		0.0171918		0.274589		0.0264922

		7.91077		0		0.0234004		0.0171807		0.272958		0.024879

		8.91077		0		0.0221127		0.0171719		0.271658		0.0235955

		9.91077		0		0.0210885		0.0171649		0.270622		0.022575

		10.9108		0		0.0202746		0.0171593		0.269796		0.0217645

		11.9108		0		0.0196287		0.0171548		0.269138		0.0211218

		12.9108		0		0.0191173		0.0171512		0.268612		0.0206131

		13.9108		0		0.0187089		0.0171483		0.268204		0.0202072

		14.9108		0		0.0183843		0.0171461		0.267879		0.0198848





BLER_16QAM_TU30kmph

		-0.0892293		-0.0892293		-0.0892293		-0.0892293		-0.0892293

		0.910771		0.910771		0.910771		0.910771		0.910771

		1.91077		1.91077		1.91077		1.91077		1.91077

		2.91077		2.91077		2.91077		2.91077		2.91077

		3.91077		3.91077		3.91077		3.91077		3.91077

		4.91077		4.91077		4.91077		4.91077		4.91077

		5.91077		5.91077		5.91077		5.91077		5.91077

		6.91077		6.91077		6.91077		6.91077		6.91077

		7.91077		7.91077		7.91077		7.91077		7.91077

		8.91077		8.91077		8.91077		8.91077		8.91077

		9.91077		9.91077		9.91077		9.91077		9.91077

		10.9108		10.9108		10.9108		10.9108		10.9108

		11.9108		11.9108		11.9108		11.9108		11.9108

		12.9108		12.9108		12.9108		12.9108		12.9108

		13.9108		13.9108		13.9108		13.9108		13.9108

		14.9108		14.9108		14.9108		14.9108		14.9108

		15.9108		15.9108		15.9108		15.9108		15.9108

		16.9108		16.9108		16.9108		16.9108		16.9108

		17.9108		17.9108		17.9108		17.9108		17.9108

		18.9108		18.9108		18.9108		18.9108		18.9108

		19.9108		19.9108		19.9108		19.9108		19.9108



Ideal

OneShot, FDM tone

MMSE, FDM tone

OneShot, FDM-CAZAC

MMSE, FDM-CAZAC

Es/Nt per antenna

BLER

16 QAM R=1/2, GSM TU 30 kmph, Antenna=1x2

1

1

1

0.999747

1

0.999747

0.999848

0.999848

0.99803

0.999747

0.997323

0.998687

0.998485

0.989949

0.997828

0.985151

0.990858

0.99101

0.962978

0.988434

0.940755

0.962321

0.96323

0.905096

0.953836

0.840952

0.89257

0.893884

0.808526

0.873276

0.660791

0.759786

0.76216

0.679479

0.728825

0.4328

0.578211

0.579373

0.519067

0.537098

0.222334

0.369665

0.368402

0.362897

0.328754

0.0945502

0.200414

0.197687

0.229001

0.169756

0.0343452

0.0935401

0.0918228

0.126926

0.0768221

0.0103036

0.0407091

0.0391939

0.0625789

0.0322238

0.00257589

0.0174756

0.0163645

0.0289914

0.013435

0.000707106

0.00681853

0.0060104

0.0142937

0.00474771

0.000101015

0.0026769

0.00222233

0.0053033

0.00181827

0

0.00126269

0.000959644

0.0026264

0.000757614

0

0.000555584

0.000404061

0.000353553

0

0.000252538

0.00020203

0.000151523

0

0.000101015

0.0000505076

0.0000505076

0

0.0000505076

0.0000505076

0

0

0

0

0



MSE_16QAM_TU30kmph

		-0.0892293		-0.0892293		-0.0892293		-0.0892293		-0.0892293

		0.910771		0.910771		0.910771		0.910771		0.910771

		1.91077		1.91077		1.91077		1.91077		1.91077

		2.91077		2.91077		2.91077		2.91077		2.91077

		3.91077		3.91077		3.91077		3.91077		3.91077

		4.91077		4.91077		4.91077		4.91077		4.91077

		5.91077		5.91077		5.91077		5.91077		5.91077

		6.91077		6.91077		6.91077		6.91077		6.91077

		7.91077		7.91077		7.91077		7.91077		7.91077

		8.91077		8.91077		8.91077		8.91077		8.91077

		9.91077		9.91077		9.91077		9.91077		9.91077

		10.9108		10.9108		10.9108		10.9108		10.9108

		11.9108		11.9108		11.9108		11.9108		11.9108

		12.9108		12.9108		12.9108		12.9108		12.9108

		13.9108		13.9108		13.9108		13.9108		13.9108

		14.9108		14.9108		14.9108		14.9108		14.9108

		15.9108		15.9108		15.9108		15.9108		15.9108

		16.9108		16.9108		16.9108		16.9108		16.9108

		17.9108		17.9108		17.9108		17.9108		17.9108

		18.9108		18.9108		18.9108		18.9108		18.9108

		19.9108		19.9108		19.9108		19.9108		19.9108



Ideal

OneShot, FDM tone

MMSE, FDM tone

OneShot, FDM-CAZAC

MMSE, FDM-CAZAC

Es/Nt per antenna

MSE

16 QAM R=1/2, GSM TU 30 kmph, Antenna=1x2

0

0.0556051

0.0560017

0.0189346

0.0173962

0

0.0480069

0.0480674

0.0188842

0.0173425

0

0.0419718

0.0417515

0.0188443

0.0172999

0

0.0371783

0.0367224

0.0188125

0.0172661

0

0.033371

0.0327169

0.0187874

0.0172392

0

0.030347

0.0295264

0.0187674

0.0172179

0

0.0279452

0.0269852

0.0187515

0.017201

0

0.0260375

0.0249615

0.018739

0.0171876

0

0.0245225

0.0233504

0.018729

0.017177

0

0.0233191

0.0220686

0.0187211

0.0171686

0

0.0223635

0.0210495

0.0187148

0.0171619

0

0.0216045

0.0202401

0.0187098

0.0171566

0

0.0210017

0.0195982

0.0187059

0.0171524

0

0.020523

0.0190902

0.0187028

0.0171491

0

0.0201429

0.0186849

0.0187003

0.0171465

0

0.019841

0.018363

0.0186984

0.0171444

0

0.0196013

0.0181075

0.0186968

0.0171427

0

0.019411

0.0179045

0.0186956

0.0171414

0

0.0192598

0.0177434

0.0186946

0.0171404

0

0.0191398

0.0176154

0.0186939

0.0171396

0

0.0190446

0.0175139

0.0186933

0.017139



Data_16QAM_TU30kmph

		16QAM, R = 1/2,  TTI=0.5ms, Localized (Full BW), GSM TU 30 kmph, Antenna=1x2, 2 SB, Poffset=0dB

		BLER, Time window = 5 sub-frames

		Es/No (dB)		Ideal		OneShot, FDM tone		MMSE, FDM tone		OneShot, FDM-CAZAC		MMSE, FDM-CAZAC

		-0.0892293		1		1		1		0.999747		1

		0.910771		0.999747		0.999848		0.999848		0.99803		0.999747

		1.91077		0.997323		0.998687		0.998485		0.989949		0.997828

		2.91077		0.985151		0.990858		0.99101		0.962978		0.988434

		3.91077		0.940755		0.962321		0.96323		0.905096		0.953836

		4.91077		0.840952		0.89257		0.893884		0.808526		0.873276

		5.91077		0.660791		0.759786		0.76216		0.679479		0.728825

		6.91077		0.4328		0.578211		0.579373		0.519067		0.537098

		7.91077		0.222334		0.369665		0.368402		0.362897		0.328754

		8.91077		0.0945502		0.200414		0.197687		0.229001		0.169756

		9.91077		0.0343452		0.0935401		0.0918228		0.126926		0.0768221

		10.9108		0.0103036		0.0407091		0.0391939		0.0625789		0.0322238

		11.9108		0.00257589		0.0174756		0.0163645		0.0289914		0.013435

		12.9108		0.000707106		0.00681853		0.0060104		0.0142937		0.00474771

		13.9108		0.000101015		0.0026769		0.00222233		0.0053033		0.00181827

		14.9108		0		0.00126269		0.000959644		0.0026264		0.000757614

		15.9108		0		0.000555584		0.000404061				0.000353553

		16.9108		0		0.000252538		0.00020203				0.000151523

		17.9108		0		0.000101015		0.0000505076				0.0000505076

		18.9108		0		0.0000505076		0.0000505076				0

		19.9108		0		0		0				0

		MSE

		Es/No (dB)		Ideal		OneShot, FDM tone		MMSE, FDM tone		OneShot, FDM-CAZAC		MMSE, FDM-CAZAC

		-0.0892293		0		0.0556051		0.0560017		0.0189346		0.0173962

		0.910771		0		0.0480069		0.0480674		0.0188842		0.0173425

		1.91077		0		0.0419718		0.0417515		0.0188443		0.0172999

		2.91077		0		0.0371783		0.0367224		0.0188125		0.0172661

		3.91077		0		0.033371		0.0327169		0.0187874		0.0172392

		4.91077		0		0.030347		0.0295264		0.0187674		0.0172179

		5.91077		0		0.0279452		0.0269852		0.0187515		0.017201

		6.91077		0		0.0260375		0.0249615		0.018739		0.0171876

		7.91077		0		0.0245225		0.0233504		0.018729		0.017177

		8.91077		0		0.0233191		0.0220686		0.0187211		0.0171686

		9.91077		0		0.0223635		0.0210495		0.0187148		0.0171619

		10.9108		0		0.0216045		0.0202401		0.0187098		0.0171566

		11.9108		0		0.0210017		0.0195982		0.0187059		0.0171524

		12.9108		0		0.020523		0.0190902		0.0187028		0.0171491

		13.9108		0		0.0201429		0.0186849		0.0187003		0.0171465

		14.9108		0		0.019841		0.018363		0.0186984		0.0171444

		15.9108		0		0.0196013		0.0181075		0.0186968		0.0171427

		16.9108		0		0.019411		0.0179045		0.0186956		0.0171414

		17.9108		0		0.0192598		0.0177434		0.0186946		0.0171404

		18.9108		0		0.0191398		0.0176154		0.0186939		0.0171396

		19.9108		0		0.0190446		0.0175139		0.0186933		0.017139





BLER_2User_16QAM_TU30kmph

		-0.0892293		-0.0892293		-0.0892293

		0.910771		0.910771		0.910771

		1.91077		1.91077		1.91077

		2.91077		2.91077		2.91077

		3.91077		3.91077		3.91077

		4.91077		4.91077		4.91077

		5.91077		5.91077		5.91077

		6.91077		6.91077		6.91077

		7.91077		7.91077		7.91077

		8.91077		8.91077		8.91077

		9.91077		9.91077		9.91077

		10.9108		10.9108		10.9108

		11.9108		11.9108		11.9108

		12.9108		12.9108		12.9108

		13.9108		13.9108		13.9108

		14.9108		14.9108		14.9108

		15.9108		15.9108		15.9108

		16.9108		16.9108		16.9108

		17.9108		17.9108		17.9108

		18.9108		18.9108		18.9108

		19.9108		19.9108		19.9108



Ideal ChEst

No interferer

-3dB interferer

Es/Nt per antenna

BLER

16QAM R=1/2, TTI=0.5ms, GSM TU 30kmph

1

1

1

0.999848

0.999747

0.999949

0.997273

0.997828

0.998636

0.984646

0.988434

0.991818

0.940199

0.953836

0.964241

0.840143

0.873276

0.895752

0.662609

0.728825

0.767665

0.431082

0.537098

0.587201

0.22188

0.328754

0.378908

0.0949543

0.169756

0.206576

0.0348502

0.0768221

0.0996515

0.010152

0.0322238

0.0446487

0.00277792

0.013435

0.0189404

0.000707106

0.00474771

0.00752563

0.0000505076

0.00181827

0.0026264

0

0.000757614

0.00136371

0

0.000353553

0.000757614

0

0.000151523

0.000303046

0

0.0000505076

0.00020203

0

0

0.000101015

0

0

0



MSE_2User_16QAM_TU30kmph

		-0.0892293		-0.0892293		-0.0892293		-0.0892293		-0.0892293

		0.910771		0.910771		0.910771		0.910771		0.910771

		1.91077		1.91077		1.91077		1.91077		1.91077

		2.91077		2.91077		2.91077		2.91077		2.91077

		3.91077		3.91077		3.91077		3.91077		3.91077

		4.91077		4.91077		4.91077		4.91077		4.91077

		5.91077		5.91077		5.91077		5.91077		5.91077

		6.91077		6.91077		6.91077		6.91077		6.91077

		7.91077		7.91077		7.91077		7.91077		7.91077

		8.91077		8.91077		8.91077		8.91077		8.91077

		9.91077		9.91077		9.91077		9.91077		9.91077

		10.9108		10.9108		10.9108		10.9108		10.9108

		11.9108		11.9108		11.9108		11.9108		11.9108

		12.9108		12.9108		12.9108		12.9108		12.9108

		13.9108		13.9108		13.9108		13.9108		13.9108

		14.9108		14.9108		14.9108		14.9108		14.9108

		15.9108		15.9108		15.9108		15.9108		15.9108

		16.9108		16.9108		16.9108		16.9108		16.9108

		17.9108		17.9108		17.9108		17.9108		17.9108

		18.9108		18.9108		18.9108		18.9108		18.9108

		19.9108		19.9108		19.9108		19.9108		19.9108



Ideal

1 user, FDM-Tone

1 user, FDM-GCL

2 users, FDM-Tone

2 users, FDM-GCL

Es/Nt per antenna

MSE

16QAM R=1/2, TTI=0.5ms, Interference power = -3dB, GSM TU 30kmph

0

0.0560017

0.0173962

0.305527

0.0575352

0

0.0480674

0.0173425

0.297588

0.0495969

0

0.0417515

0.0172999

0.291265

0.0432779

0

0.0367224

0.0172661

0.286229

0.0382464

0

0.0327169

0.0172392

0.282217

0.0342391

0

0.0295264

0.0172179

0.279021

0.0310473

0

0.0269852

0.017201

0.276475

0.0285051

0

0.0249615

0.0171876

0.274447

0.0264806

0

0.0233504

0.017177

0.272832

0.0248691

0

0.0220686

0.0171686

0.271546

0.0235869

0

0.0210495

0.0171619

0.270522

0.0225676

0

0.0202401

0.0171566

0.269707

0.021758

0

0.0195982

0.0171524

0.269059

0.0211161

0

0.0190902

0.0171491

0.268542

0.0206082

0

0.0186849

0.0171465

0.268141

0.0202029

0

0.018363

0.0171444

0.267823

0.019881

0

0.0181075

0.0171427

0.267571

0.0196255

0

0.0179045

0.0171414

0.267372

0.0194226

0

0.0177434

0.0171404

0.267213

0.0192615

0

0.0176154

0.0171396

0.267088

0.0191336

0

0.0175139

0.017139

0.266989

0.0190321



Data_2User_16QAM_TU30kmph

		2 pilot users, interference power = -3dB from pilot. 16QAM, R = 1/2,  TTI=0.5ms, Localized (Full BW), GSM TU 30 kmph, Antenna=1x2, 2 SB, Poffset=0dB

		BLER, MMSE, Time window = 5 sub-frames

		Es/No (dB)		Ideal		1 user, FDM-Tone		1 user, FDM-GCL		2 users, FDM-Tone		2 users, FDM-GCL

		-0.0892293		1		1		1		1		1

		0.910771		0.999848		0.999848		0.999747		1		0.999949

		1.91077		0.997273		0.998485		0.997828		0.999646		0.998636

		2.91077		0.984646		0.99101		0.988434		0.999293		0.991818

		3.91077		0.940199		0.96323		0.953836		0.997323		0.964241

		4.91077		0.840143		0.893884		0.873276		0.992878		0.895752

		5.91077		0.662609		0.76216		0.728825		0.983989		0.767665

		6.91077		0.431082		0.579373		0.537098		0.97111		0.587201

		7.91077		0.22188		0.368402		0.328754		0.952725		0.378908

		8.91077		0.0949543		0.197687		0.169756		0.934896		0.206576

		9.91077		0.0348502		0.0918228		0.0768221		0.915551		0.0996515

		10.9108		0.010152		0.0391939		0.0322238		0.900904		0.0446487

		11.9108		0.00277792		0.0163645		0.013435		0.890045		0.0189404

		12.9108		0.000707106		0.0060104		0.00474771		0.883327		0.00752563

		13.9108		0.0000505076		0.00222233		0.00181827		0.882822		0.0026264

		14.9108		0		0.000959644		0.000757614		0.886408		0.00136371

		15.9108		0		0.000404061		0.000353553		0.894641		0.000757614

		16.9108		0		0.00020203		0.000151523		0.908581		0.000303046

		17.9108		0		0.0000505076		0.0000505076		0.924138		0.00020203

		18.9108		0		0.0000505076		0		0.941007		0.000101015

		19.9108		0		0		0		0.956058		0

		MSE

		Es/No (dB)		Ideal		1 user, FDM-Tone		1 user, FDM-GCL		2 users, FDM-Tone		2 users, FDM-GCL

		-0.0892293		0		0.0560017		0.0173962		0.305527		0.0575352

		0.910771		0		0.0480674		0.0173425		0.297588		0.0495969

		1.91077		0		0.0417515		0.0172999		0.291265		0.0432779

		2.91077		0		0.0367224		0.0172661		0.286229		0.0382464

		3.91077		0		0.0327169		0.0172392		0.282217		0.0342391

		4.91077		0		0.0295264		0.0172179		0.279021		0.0310473

		5.91077		0		0.0269852		0.017201		0.276475		0.0285051

		6.91077		0		0.0249615		0.0171876		0.274447		0.0264806

		7.91077		0		0.0233504		0.017177		0.272832		0.0248691

		8.91077		0		0.0220686		0.0171686		0.271546		0.0235869

		9.91077		0		0.0210495		0.0171619		0.270522		0.0225676

		10.9108		0		0.0202401		0.0171566		0.269707		0.021758

		11.9108		0		0.0195982		0.0171524		0.269059		0.0211161

		12.9108		0		0.0190902		0.0171491		0.268542		0.0206082

		13.9108		0		0.0186849		0.0171465		0.268141		0.0202029

		14.9108		0		0.018363		0.0171444		0.267823		0.019881

		15.9108		0		0.0181075		0.0171427		0.267571		0.0196255

		16.9108		0		0.0179045		0.0171414		0.267372		0.0194226

		17.9108		0		0.0177434		0.0171404		0.267213		0.0192615

		18.9108		0		0.0176154		0.0171396		0.267088		0.0191336

		19.9108		0		0.0175139		0.017139		0.266989		0.0190321
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