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Adaptive Symbol Constellation for MUROS (Downlink)
1 Introduction
The successful development and deployment of a technical realization of the MUROS concept [1] requires the solution of diverse issues, such as radio resource segregation, power control, etc. ‎[2], ‎[3].This contribution addresses two important concerns in the DL (downlink):
1) Compatibility with legacy mobiles. In [1] it is stated that “any TRX hardware capable of multiplexing more than one user on a single ARFCN time slot shall support legacy GMSK mobiles, this includes non-SAIC mobiles and SAIC mobiles”. 

2)  Power control. Section 2.2 of ‎[2] and Section 2.1 of ‎[3] discuss the impact of  joint power control. 
Note that none of the proposals for MUROS presented so far, i.e. ‎[4], ‎[5] satisfies the requirement 1) above for non-SAIC receivers. See for example Chapter 4 of ‎[6].
A linear modulator using a rotating hybrid quaternary 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 (mobile stations). Such modulation can be adjusted so that a legacy GMSK mobile (non-SAIC) can be assigned one of the sub-channels. Moreover, the new modulation allows more flexibility in DL power control.
2 Concept Description

A parameter 
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 is chosen. (How to perform the choice will be explained later.) A quaternary constellation is created as follows.
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Table 1 
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-QPSK Constellation

We shall call the constellation of Table 1 an 
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-QPSK constellation. The extreme values 
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 yield BPSK constellations, while for 
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=1 an ordinary QPSK constellation is obtained. Figure 1 depicts the case
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=0.6. The energy in an 
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-QPSK constellation is always 1, independent of
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. Note that 
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is a parameter that determines the cross power ratio between the I and Q branches. Indeed, the cross power ratio between the I and Q branches is
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Figure 2 shows 
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as a function of
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. For example, if 
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 then the power of the I branch is approximately 6.6 dB lower than the power of the Q branch.
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Figure 1 Example 
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-QPSK constellation
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Figure 2 Cross power ratio
The modulator is depicted in Figure 3.
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Figure 3 
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-QPSK modulator and transmitter

Firstly, the code bits are modulated to binary symbols {-1,+1}. This results in two binary symbol streams (an) and (bn). Secondly, the two binary symbol streams are mapped to one 
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-QPSK symbol stream (cn). Thirdly, the quaternary symbol stream is rotated by 
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. Fourthly, the rotated symbol stream is 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, as described in ‎[4], is recommended but not indispensable.
Note that if the pulse shaping filter satisfies the Nyquist criterion then the orthogonality of the I and Q sub-channels is maintained.

It is expected that legacy GMSK mobiles will be able to demodulate one of the sub-channels, provided 
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is chosen so that 
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 is large enough. Without loss of generality, we assume that a non-SAIC legacy mobile has been assigned the Q sub-channel. (i.e. user 2 in Figure 3.) The baseband received signal 
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 can be written as the convolution of an L-tap complex-valued channel 
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, (signal intended for user 1)
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Then the baseband received signal  (1) can be re-written in the form
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(2)
In other words, the received signal for user 2 can be written as the convolution of a (low pass) complex channel with BPSK symbols rotating 
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, plus noise. Because of Laurent’s approximation to GMSK, we expect that a legacy receiver should be able to demodulate the signal (2), providing that the signal to interference plus noise ratio
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is large enough. For user 2, the SINR grows as 
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becomes smaller. As an example, if
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may also be read from Figure 2, setting 
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At this SINR the legacy mobile should be able to successfully decode TCH/FS. Increasing the SINR for user 2 is achieved by decreasing the signal energy transmitted to user 1. The power in the I channel is changed by 
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 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, also relative to the power of the Q branch for ordinary QPSK. These relative gains are plotted in Figure 4.
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Figure 4 Relative gains for the sub-channels
In the example above, the relative gains would be approximately -6.5 dB for user 1 and +2.5 dB for user 2. Losses of this order of magnitude for the I channel might be acceptable in many situations. 
Figure 5 and Figure 6 show examples of complex baseband signals. The unit circle is depicted in red. The Tx filter is a Hanning windowed RRC (Root Raised Cosine) with roll off = 0.3 and 270 kHz bandwidth. The symbols are rotated by 
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. The figures hint to the fact that for
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-QPSK has lower PAR (Peak to Average) than ordinary QPSK and that there are fewer or no zero crossings. These conjectures are readily verified for all values of 
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 and the RRC 270kHz Tx filter.
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Figure 5 Example 
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-QPSK baseband signal (
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Figure 6 Example QPSK baseband signal (
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The modulator may receive feedback from the MS’s and adjust 
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accordingly. 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/
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-QPSK-aware).  Figure 7 illustrates the process. The box labeled “
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-QPSK modulator” contains the modulator described in Figure 3. The BSC box represents the Base Station Controller.
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Figure 7 Adaptive 
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-QPSK modulator

The loop shown in Figure 7 can be realized in many different ways. For example, the control unit decides between 
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) depending on whether one of the MS’s has a legacy receiver. More advanced control schemes are possible. For example, it is possible to have independent DL power control loops for MS1 and MS2. The BSC decides the powers P1 and P2 required for MS1 and MS2 respectively, depending on the reported RXQUAL and/or RXLEV by each MS. The control unit computes a combination of output power P and 
[image: image68.wmf]a

 that gives the required combination of P1 and P2. There are many other possibilities. This opens the possibility to diminish or even eliminate the need for DCA (Dynamic Channel Allocation) ‎[3], as well as to reduce the overall interference levels. 
An 
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-QPSK-aware mobile may ignore the value of
[image: image70.wmf]a

. 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 
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used by the modulator in the BTS (Base Transceiver Station). If it is unknown then it can be estimated. Note that if the value of 
[image: image73.wmf]a

remains constant during a period of time (e.g. one SACCH measurement period) then memory between bursts can be kept and the estimate can be successively refined.
3 Simulation Results
3.1 Simulation assumptions

The legacy GMSK receiver (non-SAIC) uses a 5 tap least squares channel estimate. The 
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-QPSK-aware receiver uses a quaternary trellis MLSE and 
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is assumed to be known. The modulator is as described in Figure 3. The x-axis has been normalized so that the reference GMSK reaches 1% FER @ C/I = 0 dB. The legacy and 
[image: image76.wmf]a

-QPSK-aware receiver use orthogonal training sequences consisting of the legacy TSC0 and the corresponding new sequence from ‎[4].
3.2 AMR/HR 7.40 Wide Tx Pulse
The Tx filter is a Hanning windowed RRC, rolloff 0.3, with a 3 dB bandwidth (before windowing) of 270 kHz. 
Figure 8 shows the performance of the OSC concept as described in ‎[4]. These results agree with the simulations presented in ‎[4] and ‎[7]. 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 OSC with a legacy GMSK receiver in one sub-channel and OSC-aware receiver in the other sub-channel. Wide Tx Pulse.
Figure 9 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. 
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Figure 9 
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-QPSK modulation with a legacy GMSK receiver in one sub-channel and 
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-QPSK –aware receiver in the other sub-channel. Wide Tx Pulse. 
3.3 AMR/HR 7.40 Narrow Tx Pulse

The Tx pulse is the linearized GMSK pulse used in EGPRS. 
Figure 10 shows the performance of 
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-QPSK-aware and legacy receivers, with 
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=0.67. The performance is somewhat degraded with respect to the wide Tx pulse. Compare to Figure 9.
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Figure 10 
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-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 11 shows that even two legacy MS’s can be multiplexed using 
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-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 9 and Figure 10. 
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Figure 11 
[image: image92.wmf]a

-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.
4 Conclusions
The theoretical considerations in Chapter ‎2 together with the simulations in Chapter ‎3 show that it is feasible to employ 
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-QPSK modulation in order to support legacy mobiles. In fact, it has been shown that even two legacy GMSK receivers might be multiplexed in the DL, providing at least one of them is SAIC-capable. The following table summarizes the expected compatibility of diverse types of MS’s.
	MS Capability

1st Sub-Channel
	MS Capability

2nd Sub-Channel
	Feasible
	Remarks
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-QPSK-aware
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-QPSK-aware MS
	Yes
	Preferred pairing of MS’s with respect to spectral efficiency.
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-QPSK-aware
	Legacy SAIC
	Yes
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-QPSK-aware 
	Legacy non-SAIC
	Yes
	

	Legacy SAIC
	Legacy SAIC
	Yes
	

	Legacy SAIC
	Legacy non-SAIC
	Yes
	Least preferred pairing of MS’s with respect to spectral efficiency.

	Legacy non-SAIC
	Legacy non-SAIC
	No
	


Table 2 Expected MS compatibility with adaptive
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-QPSK modulation
Either the legacy linearized GMSK pulse or a new RRC Tx pulse may be used. 
Moreover, it has been explained how adaptive 
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-QPSK modulation gives more flexibility to power control in the DL. The need for dynamic channel allocation could be diminished or even eliminated because separate power control loops for the two MS’s are possible, and the total system interference would also decrease.
Finally, some other potential benefits of 
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-QPSK modulation such as reduced PAR and fewer zero crossings have been exhibited.

In order to fully assess the suitability of the technique presented in this contribution, it is necessary to carry out the studies indicated in ‎[1]. Specifically, it is necessary to define what is meant by “legacy GMSK receivers”. Moreover, network performance studies are also required to evaluate the benefits of the power control technique described in Chapter ‎2. 
It is proposed to incorporate the adaptive 
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-QPSK modulation introduced in this contribution into the WID on MUROS.
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