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First modified subclause
8.1 
Concept Description

In the uplink the MS shall use GMSK modulation. A different training sequence shall be assigned to each MS. The BSS shall implement a multi-user multiple-input-multiple-output (MU-MIMO) receiver in order to decode the two desired signals.

 In the downlink, a linear modulator using a rotating hybrid quaternary complex symbol constellation is proposed. The modulation is adaptive since the signal constellation may be time dependent. The constellation can be chosen according to the capabilities or radio conditions of the MS’s. Two sub-channels are created from the real and imaginary parts of the baseband signal. Legacy GMSK MS may be assigned one of the subchannels provided a legacy training sequence is used.

A new set of training sequences with good orthogonality properties shall be designed in order to optimize the link performance both in the uplink and the downlink.
8.1.1 
Symbol Constellation for the Downlink

A parameter 
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 is chosen to create a quaternary constellation as shown in Table 8-1.  
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Table 8-1 
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-QPSK Constellation

The constellation of Table 8-1 shall be called an 
[image: image7.wmf]a

-QPSK constellation. The extreme values 
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= 0 and 
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 yield BPSK constellations, while for 
[image: image10.wmf]a

= 1 an ordinary QPSK constellation is obtained. Figure 8-1 depicts the case
[image: image11.wmf]a

= 0.6. 
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Figure 8-1: Example 
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-QPSK constellation

As 
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 changes the power in the I channel is changed by 
[image: image15.wmf])

(

log

10

2

10

a

 dB, relative to the power of the I channel when using ordinary QPSK. Similarly, the power in the Q branch is changed by 
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 dB relative to the power of the Q branch for ordinary QPSK. The cross power ratio 
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, depicted in Figure 8-2, between the I and Q branches is determined by 
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 as:
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It is expected that legacy GMSK mobiles will be able to demodulate one of the sub-channels, provided 
[image: image20.wmf]a

is chosen so that 
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 is large enough. This assumption is verified in section 8.2.1.3.1  .
Note that the energy in an 
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-QPSK constellation is always 1, independent of
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.
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Figure 8-2: Cross power ratio

8.1.2 

[image: image25.wmf]a

-QPSK Modulator

The linear modulator required to create the hybrid quaternary symbol constellation of Table 8-1 is depicted in Figure 8-3. The code bits are modulated to binary symbols {-1,+1}. This results in two binary symbol streams an and bn that are mapped to one 
[image: image26.wmf]a

-QPSK symbol stream cn. The quaternary symbol stream is rotated and passed through a linear pulse shaping filter. Finally the signal is up-mixed to the carrier frequency and amplified.

The two users are separated by means of different training sequences. The use of orthogonal training sequences will improve the performance. Utilizing a pulse shaping filter that satisfies the Nyquist criterion will maintain the orthogonality of the I and Q sub-channels. The legacy linearized GMSK pulse may be used in order to comply with the legacy spectral mask.
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Figure 8-3: 
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-QPSK modulator and transmitter
8.1.3 
Choice of Symbol Constellation

To determine symbol constellation, i.e. 
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, the modulator may receive feedback from the MS’s. For example 
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may depend upon the reported RXQUAL, or upon the capabilities of the MS’s, e.g. legacy/legacy SAIC/
[image: image31.wmf]a

-QPSK-aware. This process is illustrated in Figure 8-4, where the box labeled 
[image: image32.wmf]a

-QPSK modulator contains the modulator described in Figure 8-3. The BSC box represents the Base Station Controller.
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Figure 8-4: Adaptive 
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-QPSK modulator

The BSS decides the powers P1 and P2 required for MS1 and MS2 respectively, depending on the reported capabilities, RXQUAL and RXLEV by each MS. The control unit computes a combination of output power P and 
[image: image35.wmf]a

 that gives the required combination of P1 and P2. Dynamic Channel Allocation (DCA) may be used to move users from shared radio resources to not shared radio resources and vice versa.

An 
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-QPSK-aware mobile may ignore the value of 
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. However, it can be advantageous to use it during the demodulation process. Depending on the algorithm used at the control unit, an 
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-QPSK-aware MS may not have knowledge of the value of 
[image: image39.wmf]a

used by the modulator in the BTS. If it is unknown then it can be estimated. In section 8.2.1.2.2  simulations are presented to show that the estimation is feasible.
8.1.4 
Adaptive Constellation Rotation

Since compatibility with legacy mobiles is desired, it has been proposed to rotate the signal by 
[image: image40.wmf]2

p

. However, this rotation angle is not optimum in terms of PAR for these symbol constellations. Typical power amplifiers are peak limited, which for a signal with high PAR requires additional power backoff. Hence, as the PAR increases, the coverage of the BTS decreases. 

To optimize PAR in the DL it is proposed to adapt the rotation angle to the capabilities of the MS receivers. The penetration of MUROS MSs will increase with time. Eventually two MUROS mobiles will be assigned to two orthogonal sub-channels. In this case, there’s no need to continue using the sub-optimal rotation angle. For example, if QPSK modulation is used, then rotation by 
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will result in lower PAR and will eliminate zero crossings. The figures below illustrate this fact. The unit circle is depicted in red and the baseband signal in blue.

[image: image42.png]



Figure 8-5: Example baseband signal. Ordinary QPSK. 
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 rotation. Linearized GMSK Tx pulse
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Figure 8-6: Example baseband signal. Ordinary QPSK. 
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 rotation. Linearized GMSK Tx pulse
The rotation angle shall be chosen so that PAR is minimized. If there is a legacy mobile in at least one of the sub-channels then the BTS modulator rotates the signal by 
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/

p

. However, if two 
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-QPSK MUROS mobiles are paired together on orthogonal sub-channels, the transmitting base station can choose constellation rotation to minimize PAR. To illustrate the concept Figure 8-7  shows the PAR as a function of alpha for 
[image: image48.wmf]a

-QPSK constellations rotated л/2 and л/4 radians.
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Figure 8-7: PAR as a function of alpha

When alpha equals 0.77 and 1.19 the two PAR curves intersect. To minimize the signal PAR a base station would hence adapt its choice of rotation according to the active alpha value:
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On the receiver side, the MS performs blind detection of the rotation angle, among a predetermined set of rotation angles. From EGPRS it is known that blind detection of rotation is possible with negligible performance loss and low computational complexity. This assumption is verified in section 8.2.1.2.2.2.

8.1.5 
Frequency hopping

Since the intra-cell interference is vastly increased by the introduction of multiple users re-using the same time slot it has been considered to increase diversity (i.e., to ensure that a user is not continuously interfered by the same other user). Diversity is achieved by means of frequency hopping. The frequency hopping schemes can be applied both in the uplink and downlink. Initial simulations in the downlink show substantial gains. The performance in the UL is FFS.

Assume that the MAIO takes values in the set 
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. The length of the MAIO hopping sequence is chosen to be an arbitrary positive integer 
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 A MAIO hopping sequence is defined by a set of 
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. Given a time specified by the counter FN, the MAIO for the 
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Here 
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denotes the arithmetic modulo operator. 

Since the same hopping sequence is used for the different sub channel sets it is guaranteed that at most two users hop onto the same frequency and timeslot at any time instant.
First the case when available frequency hopping is re-used for MUROS. 

Assume that two more mobile stations are present in the cell, M4 and M5. They are assigned parameters as shown in Table 8-2.
Table 8-2: Frequency hopping parameters for case with existing OSC solution
	
	M1
	M2
	M3
	M4
	M5

	MA
	{1,4,7,10}
	{1,4,7,10}
	{1,4,7,10}
	{1,4,7,10}
	{1,4,7,10}

	Basic hopping sequence

	[2,3,1,0,2,0,1,3]
	[2,3,1,0,2,0,1,3]
	[2,3,1,0,2,0,1,3]
	[2,3,1,0,2,0,1,3]]
	[2,3,1,0,2,0,1,3]

	MAIO
	0
	1
	2
	0
	1

	Sub-channel
	0
	0
	0
	1
	1

	Frequency sequence
	[7,10,4,0,7,0,4,10,…]
	[10,0,7,4,10,4,7,…]
	[0,4,10,7,0,7,10,4,…]
	[7,10,4,0,7,0,4,10,…]
	[10,0,7,4,10,4,7,…]


Using the frequency sequence in Table 8-2 results in the frequency hopping illustrated in Figure 8-8. It is evident that mobile stations M1 and M4 continuously use the two sub-channels of the same channel and thereby are subject to each other’s inter-sub-channel interference. Similarly, M2 and M5 continuously interfere each other. M3, on the other hand, is not subject to any inter-sub-channel interference.
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Figure 8-8: Frequency hopping, with existing OSC solution

Finally, consider the OSC solution with improved frequency hopping. Assume there are still 5 mobile stations in the cell (on the considered timeslot number). The same parameters are used as in Table 8-2 but users of the second sub-channel, i.e. M4 and M5 will hop between the MAIOs.

A set of permutations giving the MAIO hopping sequences in Table 8-3 is chosen.

Table 8-3: MAIO Hopping Sequences
	
	MAIO

	M4
	0
	2
	2
	1
	2
	0 
	2
	1 …

	M5
	1
	1
	0
	0
	1
	2 
	0
	0 …

	
	FN=0
	FN=1
	FN=2
	FN=3
	FN=4
	FN=5 .
	FN=6
	FN=7 …


The following table shows the resulting assignment of frequencies.
Table 8-4: Frequency sequences

	
	M1
	M2
	M3
	M4
	M5

	MA
	{1,4,7,10}
	{1,4,7,10}
	{1,4,7,10}
	{1,4,7,10}
	{1,4,7,10}

	Basic hopping sequence

	[2,3,1,0,2,0,1,3]
	[2,3,1,0,2,0,1,3]
	[2,3,1,0,2,0,1,3]
	[2,3,1,0,2,0,1,3]
	[2,3,1,0,2,0,1,3]

	MAIO
	0
	1
	2
	from Table 8-3
	from Table 8-3

	Sub-channel
	0
	0
	0
	1
	1

	Frequency sequence without hopping over MAIOs
	[7,10,4,0,7,0,4,10,…]
	[10,0,7,4,10,4,7,…]

	[7,1,10,4,1,7,10,4,…]
	[7,10,4,0,7,0,4,10,…]
	[10,0,7,4,10,4,7,…]

	Frequency sequence applying cyclic hopping over MAIOs in sub-channel 1
	[7,10,4,0,7,0,4,10,…]
	[10,0,7,4,10,4,7,…]
	[7,1,10,4,1,7,10,4,…]
	[7,4,10,4,0,0,10,0 ,…]
	[10,0,4,0,10,7,4,10,…]


The resulting frequency hopping is illustrated in Figure 8-9. It can be seen that the interference diversity has improved. E.g., mobile station M1 is sometimes interfered by M4, sometimes by M5 and sometimes not interfered at all. A similar improvement is seen for M2. M3, which was never subject to inter-sub-channel interference with the existing OSC solution, is now sometimes interfered by M4 or M5. But the fairness has improved due to the improved frequency hopping. Further, since the channel coding makes the channel robust to a certain amount of interference, it is likely that the speech quality on average has improved in the cell (assuming the network is well dimensioned to handle the given load). No simulation results have been provided in this document but similar gains as shown in [8-3] can be expected.
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Figure 8-9: OSC with improved frequency hopping
8.1.5.1 
Legacy support

Since the frequency hopping scheme uses already available MAIO hopping the diversity scheme will support legacy mobiles (given that legacy mobiles can be supported by the MUROS concept and that they are allocated to sub channel one). Note that also legacy mobiles will be able to utilize the gain of the frequency hopping feature, especially when having fractionally loaded TSs.

8.1.5.2 
 Additional signaling
Both the users of the first and second sub-channel will re-use the frequency hopping in GSM is defined in the 3GPP specification 45.002 [8-4]. However, the second set of users will use an additional hopping sequence to hop between MAIOs, which needs to be signaled to the mobile station.

To generate the MAIO hopping sequence, the MS must know the set of allowed MAIOs (the MAIO Allocation, MAIOA). Given the MAIOA, the number of MAIOs to hop over is known. Assuming that the permutations are predetermined and stored in the mobile station, the MS selects the permutation corresponding to the size of the MAIOA and an additional parameter determining which MAIO hopping sequence to use (the parameter I in the example in section 8.1.5). This is here denoted the MAIOHSN.

Optionally, several permutations can be defined for each given MAIOA size. This requires another parameter to be signaled to the mobile station, a MAIO permutation number, MAIOPN.

The MAIOA, the MAIOHSN and optionally the MAIOPN need to be signaled to the mobile station during assignment, handover and reconfiguration. It is necessary to update the relevant signaling messages to convey the new parameters.

Since the resource allocation in the cell can change during a call, it should be possible to change the parameters during a call. Therefore, the signaling messages should also include means for coordinating the change to new hopping parameters between all MS, e.g., a starting time after which the new parameters apply.

8.1.6 SAM - Single Antenna MIMO – for VAMOS
8.1.6.1
Concept description

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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(4)

For the sake of concreteness, let us describe a simple example of interference cancellation based on the model (4). It employs Interference Rejection Combining (IRC). Let 
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 be the 2x2 spatial covariance matrix of the noise. First, a Cholesky factorization 
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 is performed. Decorrelation of the 2 branches in (4) is achieved by multiplying both sides of (4) by 
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(5)

This simple linear transformation performs interference suppression. Writing 
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(6)

where (
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) is a two dimensional white noise and
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Note that the matrix taps 
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 of the whitened channel do not exhibit the symmetries of the original channel taps 
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The signal model 
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(7)

is a time dispersive 2x2 MIMO system with additive Gaussian white noise. Optimum detectors are known for these signals. Hence, this type of receiver is appropriately named Single Antenna MIMO (SAM) receiver.

Please note that we do not advocate the simple IRC technique of (5). It is included just to illustrate the main idea. Better performance is obtained if more sophisticated whitening techniques are used. For example, the SAM receiver used for the simulations in Section ‎4 models the noise plus interference 
[image: image103.wmf])

(

n

w

v

in (4) as a Vector Auto-Regressive (VAR) process ‎[5].

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 
[image: image104.wmf]a

-QPSK modulated signals in both interference and sensitivity scenarios. 

8.1.6.1.1 Computational Complexity

The computational complexity of a SAM receiver depends upon subtle implementation details. However, it is possible to make several general observations.

· The number of state transitions required in the trellis in a SAM demodulator with 
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 MLSE taps is 
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4

.  Thus, if 3 MLSE taps are used, the number of state transitions will be 
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. As a comparison, a typical legacy GMSK demodulator uses 5 MLSE taps and there are 
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transitions in the trellis, and in an 8PSK demodulator with 2 MLSE taps there are 
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transitions in the trellis. 

· Synchronization and estimation (e.g. channel estimation) for SAM are  slightly more complex than in legacy SAIC receivers. 

· Several well known interference suppression algorithms used in legacy DARP Phase I receivers may be re-used in SAM receivers.  

Taking into account the previous observations, a rough estimate of the complexity of SAM can be made:

Complexity SAM with 3 MLSE taps 
[image: image110.wmf]´

»

5

.

2

Complexity legacy GMSK SAIC.
Next modified subclause
8.2.1.3 
Interference Performance

8.2.1.3.1 
non-SAIC receiver

The non-SAIC legacy GMSK receiver uses a five tap least squares channel estimate. The 
[image: image111.wmf]a

-QPSK-aware receiver uses a quaternary trellis MLSE and 
[image: image112.wmf]a

is assumed to be known. The modulator is as described in Figure 8-3. The x-axis has been normalized so that the reference GMSK reaches 1% FER @ C/I = 0 dB. The legacy and 
[image: image113.wmf]a

-QPSK-aware receiver use orthogonal training sequences consisting of the legacy TSC0 and the corresponding new sequence from [8-2]. Figure 8-21 shows the performance of the OSC concept as described in [8-2]. The Tx filter is a Hanning windowed RRC, rolloff 0.3, with a 3 dB bandwidth (before windowing) of 270 kHz. Speech codec AMR/HR 7.40 was used.

It is seen that even a robust legacy MS is unusable. In fact the FER for the legacy mobile is never lower than 60%, independently of the C/I.
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Figure 8-21: OSC with a legacy GMSK receiver in one sub-channel and OSC-aware receiver in the other sub-channel. Wide Tx Pulse

Figure 8-22 shows the performance of 
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-QPSK modulation. The value of 
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=0.67 has been chosen empirically, and is assumed to be known at the 
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-QPSK-aware receiver. The simulation settings used are the same as used in Figure 8-21.  
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Figure 8-22: 
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-QPSK modulation with a legacy GMSK receiver in one sub-channel and 
[image: image120.wmf]a

-QPSK –aware receiver in the other sub-channel. Wide Tx Pulse

Figure 8-23 shows the performance of 
[image: image121.wmf]a

-QPSK-aware and legacy receivers when 
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=0.67 and the Tx pulse is the linearized GMSK pulse used in EGPRS. The performance is somewhat degraded with respect to the wide Tx pulse performance shown in Figure 8-22.
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Figure 8-23: 
[image: image124.wmf]a

-QPSK modulation with a legacy GMSK receiver in one sub-channel and 
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-QPSK –aware receiver in the other sub-channel. Linearized GMSK Tx Pulse

Figure 8-24 shows that even two legacy MS’s can be multiplexed using 
[image: image126.wmf]a

-QPSK, as long as one of them has a SAIC receiver. The legacy training sequences TSC0 and TSC3 have been used. Recall that the legacy training sequences are not mutually orthogonal. The value 
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=0.67 has been used even though it is not optimal, because it is instructive to make comparisons with Figure 8-22 and Figure 8-23. 
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Figure 8-24: QPSK modulation with legacy GMSK receiver in one sub-channel and legacy SAIC GMSK receiver the other sub-channel. The sub-channel decoded by the Legacy SAIC MS has less power than the other sub-channel. Linearized GMSK Tx Pulse

8.2.1.3.2 
SAIC receiver

From the simulations it can be concluded that:

· The degradation when changing from GMSK modulation to QPSK modulation of the interferer will be larger, the higher the SCPIR since the SAIC algorithm can suppress the external interferers more efficiently when the other sub channel give rise to less interference. This effect is much more evident in the single interferer scenarios, i.e. MTS-1 and MTS-3.

· In general, the lower the SCPIR the larger degradation. I.e. the degradation from SCPIR=-4 -> SCPIR=-8 is larger than the degradation from SCPIR=0 -> SCPIR = -4.

· For TU3 without frequency hopping a FER of 1 % is not met for AHS5.90 using a SCPIR of -8 dB.

AFS/12.20
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Figure 8-25: MTS-1, TU3iFH
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Figure 8-26: MTS-2, TU3iFH
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Figure 8-27: MTS-3, TU3iFH
[image: image132.png]FER

10

10

10

—S8CPIR = -8 dB, intf mod = GMSK
---8CPIR = -8 dB, intf mod = QPSK
—S8CPIR = -4 dB, intf mod = GMSK
---8CPIR = -4 dB, intf mod = QPSK
—S8CPIR = 0 dB, intf mod = GMSK
---8SCPIR = 0 dB, intf mod = QPSK
—8CPIR = 4 dB, intf mod = GMSK
---8CPIR = 4 dB, intf mod = QPSK
—8CPIR = 8 dB, intf mod = GMSK
---8CPIR = 8 dB, intf mod = QPSK
Leg. GMSK, intf mod = GMSK
Leg GMSK, intf mod = QPSK

-10

-5 0

c, [dB]




Figure 8-28: MTS-4, TU3iFH
AFS5.90
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Figure 8-29: MTS-1, TU3iFH
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Figure 8-30: MTS-2, TU3iFH
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Figure 8-31: MTS-3, TU3iFH
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Figure 8-32: MTS-4, TU3iFH
AHS5.90
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Figure 8-33. MTS-1, TU3iFH
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Figure 8-34: MTS-2, TU3iFH
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Figure 8-35: MTS-3, TU3iFH
[image: image140.png]FER

T T

—S8CPIR = -8 dB, intf mod = GMSK
---8CPIR = -8 dB, intf mod = QPSK
—S8CPIR = -4 dB, intf mod = GMSK
---8CPIR = -4 dB, intf mod = QPSK
—S8CPIR = 0 dB, intf mod = GMSK
---8SCPIR = 0 dB, intf mod = QPSK
—8CPIR = 4 dB, intf mod = GMSK
---8CPIR = 4 dB, intf mod = QPSK
—8CPIR = 8 dB, intf mod = GMSK
---8CPIR = 8 dB, intf mod = QPSK
Leg. GMSK, intf mod = GMSK
Leg GMSK, intf mod = QPSK

20
ci, [dB]

30 35




Figure 8-36: MTS-4, TU3iFH
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Figure 8-37: MTS-1, TU3nFH
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Figure 8-38: MTS-2, TU3nFH
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Figure 8-39: MTS-3, TU3nFH
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Figure 8-40: MTS-4, TU3nFH
8.2.1.3.2.1 
Adaptive Constellation Rotation 

Altering alpha or switching the rotation of the 
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-QPSK MUROS constellation between л/2 and л/4 could deteriorate SAIC mobiles’ ability to cancel interference caused by MUROS signals. To investigate this, simulations were conducted for both GMSK and α-QPSK modulated carriers exposed to 
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-QPSK modulated interference with varying alpha and a rotation of л/2 or л/4 as can be seen in the figure below. 
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Figure 8-41: Identified interference scenarios

For the α-QPSK modulated carriers the alpha values were chosen according to Table 8-10.  The same α-value was used by the carrier and interfering signal. The alpha values and constellation rotations used were chosen from Figure 8-9. Alpha equal to 0.77 and 1.19 represents the extreme values where the rotation switches from п/2 to п/4. As alpha approaches these values the 
[image: image148.wmf]a

-QPSK modulation approaches a GMSK constellation. 

Figure 8-42 presents the results from the simulation when the carrier was α-QPSK modulated and the interferer either GMSK or α-QPSK modulated. The α-QPSK interferers were rotated л/2 or л/4 while the carrier used a rotation of л/2. The performance degradation due to the change in rotation reaches its maximal value 0.2 dB when α equals 0.77.
Table 8-10: Alpha versus relative sub channel power
	α
	SCPIR [dB]

	0.77
	-3.8

	0.89
	-1.8

	1.19
	3.8
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Figure  8-42: SAIC performance when an α-QPSK carrier, using AFS/12.2, is exposed to α-QPSK or GMSK modulated interference

For the scenario when the carrier is GMSK modulated a more thorough investigation was performed. Figure 8-43 shows the SAIC performance when a GMSK carrier is exposed to MTS-1 or MTS-2 interference. The interferers are α-QPSK modulated, and the performance is shown for alpha in the range 0.77 to 1.19, which corresponds to a SCPIR of -3.8 to +3.8dB. For each alpha the symbol rotation of the interferers is л/2 or л/4.
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Figure 8-43: SAIC performance for a GMSK carrier when exposed to MTS-1 (left) and MTS-2 (right) interference, where the interferers are alpha-QPSK modulated. Each tick on the x-axis equals 0.2dB

By comparing the performance at the different rotations, it is possible to estimate the performance degradation in dB of the SAIC receiver at 1% FER. Figure 8-44 summarizes this degradation over the studied alpha range. The fine resolution on the y-axis is justified since 150 000 frames per point were simulated. The degradation worsens as alpha approaches the theoretical rotation adaptation thresholds of 0.77 and 1.19. For MTS-1 the maximal degradation equals 0.37dB while 0.09 dB for MTS-2. 

It can be seen that when the MS experiences a multiple interferer scenario, the degradation due to the modulation rotation is decreased significantly compared to the single interferer case. It should be noted that the MTS-2 multi-interferer case is seen as the relevant system scenario for MUROS.

Figure 8-44 shows, for both scenarios, that symbol rotation л/4 is preferred when alpha is close to 1. The reason is that when the interferer modulation constellation is QPSK-like the SAIC receiver has limited, or no, capability to suppress the interference, as can also be seen in [8-12] and [8-13], since the two sub channels are always 90 degree phase shifted. On the other hand, л/4 rotation is used in the transmitter and л/2 de-rotation is used in the receiver, resulting in a net rotation of -л/4 for the interference. This type of interference causes less performance degradation in the receiver than a BPSK signal rotated л/2. This resembles the case in EGPRS where it is observed that 8PSK interference is less harmful than GMSK interference for a non-SAIC receiver.
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Figure 8-44: C/I degradation at 1% FER
8.2.1.3.3 
MUROS receiver
8.2.1.3.3.1 
Constellation Rotation Detection

When an additional rotation is introduced for the α-QPSK modulation, the MS needs to detect it blindly, as mentioned in section 8.1.4. While MUROS receiver performance in sensitivity limited scenario is presented in section 8.2.1.2.2.2, Figure 8-45 depicts the performance degradation of the same receiver when the α-QPSK carrier is exposed to GMSK modulated MTS-2 interference.

The performance is shown for codecs TCH/HS, TCH/AHS5.9 and TCH/AFS12.2 when the alpha-QPSK modulation constellation is determined by alpha 0.634, 1 and 1.264. The degradation at 1% FER is at most 0.15 dB at SCPIR=+6 dB compared to performance when no modulation needs to be detected. At SCPIR=0 dB and SCPIR=-6 dB no degradation is seen.

As the degradation due rotation detection never exceeds 0.15dB for any of the studied alpha values it will be compensated by the PAR enhancement presented in Figure 8-7.
	Table 8-11: Alpha versus relative sub-channel power
α
	SCPIR [dB]

	0.634
	-6

	1.0
	0

	1.264
	6
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Figure 8-45: MUROS receiver with/without rotation detection when speech codec TCH/HS, TCH/AHS5.9 and TCH/HS12.2 is used. Each tick on the x-axes corresponds to 2dB

It should be noted that the MUROS receiver estimates the rotation on a burst-by-burst basis. If the blind rotation detection metric were to be accumulated over several bursts, the performance is expected to be improved.
8.2.1.3.4 
SIC receiver

From the simulations shown below it can be concluded:

· There is little difference in performance (for both reference and SIC) between the cases with MS speed of 3 km/h and 50 km/h.

· The performance in the MTS-2 (synchronous, multiple interferers) and MTS-4 (asynchronous, multiple interferers) test cases is also 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. The degradation is between 2 and 6 dB (when comparing C1/I) for a sub-channel power imbalance ratio less than or equal to 10 dB. 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 8-46 : MTS-1, TCH/AFS5.90, Tu3
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Figure 8-47: MTS-2, TCH/AFS5.90, Tu3
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Figure 8-48: MTS-2, TCH/AFS5.90, Tu50
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Figure 8-49: MTS-3, TCH/AFS5.90, Tu3
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Figure 8-50: MTS-4, TCH/AFS5.90, Tu3
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Figure 8-51: MTS-1, TCH/AHS5.90, Tu3
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Figure 8-52: MTS-2, TCH/AHS5.90, Tu3
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Figure 8-53: MTS-2, TCH/AHS5.90, Tu50
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Figure 8-54: MTS-3, TCH/AHS5.90, Tu3

	[image: image174.png]




	[image: image175.png]ouren

MTS-4, TOAHSS.90, TuaiFH

o)

ey
ke








Figure 8-55: MTS-4, TCH/AHS5.90, Tu3
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Figure 8-56: MTS-1, TCH/AFS12.2, Tu3
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Figure 8-57: MTS-2, TCH/AFS12.2, Tu3
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Figure 8-58: MTS-2, TCH/AFS12.2, Tu50
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Figure 8-59: MTS-3, TCH/AFS12.2, Tu3
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Figure 8-60: MTS-4, TCH/AFS12.2, Tu3
8.2.1.3.5
SAM

A SAM receiver prototype based upon the signal model (4) in Section 8.1.6.1 has been developed.  The receiver has not been optimized or tuned. 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 the table 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 estimated in the receiver

	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/   -


8.2.1.3.5.2
Performance
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Performance of SAM in MTS-1, AHS5.90 for varying SCPIR
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Performance of SAM in MTS-2, AHS5.90 for varying SCPIR
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Performance of SAM in MTS-1, AFS5.90 with QPSK modulated interference
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 Performance of SAM in MTS-2, AFS5.90 with QPSK modulated interference
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 Performance of SAM and SAIC in MTS-1, AHS5.90 with QPSK modulated interference
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 Performance of SAM and SAIC in MTS-2, AHS5.90 with QPSK modulated interference
It can be seen that SAM yields substantial performance gains against a DARP Phase I receiver, in both MTS-1 and MTS-2 interference scenarios, and for SCPIR in the range from 0 down to -20 dB. For example, the performance of SAM with SCPIR = -16 dB is comparable to the performance of legacy SAIC with SCPIR = -8 dB. Thus SAM can cope with much larger power imbalance ratios than legacy SAIC receivers. This is an advantage, especially if legacy non-SAIC mobiles are assigned to the paired sub-channel. It has also been shown that SAM is robust and offers protection against QPSK interference. The degradation compared to GMSK interference has been shown to be less than 0.5 dB for multi-interferer scenarios (MTS-2) while larger degradations are seen when experiencing a single interferer (MTS-1).
The large gains for the weakest subchannel obtained for SCPIR of the order of -8 dB or lower are noteworthy. Advanced VAMOS receivers, and in particular SAM, may be the key to obtain significant capacity increases when non-SAIC legacy mobiles are allowed in one of the VAMOS sub-channels. System simulations with SAM mobiles are for further study.

� 	The length of the hopping sequences are assumed to be eight. These hopping sequences are used for illustrative purposes only and do not reflect actual hopping sequences for GSM [8-4].


� 	The length of the hopping sequences are assumed to be eight. These hopping sequences are used for illustrative purposes only and do not reflect actual hopping sequences for GSM [8-4].
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