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Discussions on SCPIR Selection for alpha-QPSK
1 Introduction

A work item named VAMOS [1] (Voice services over Adaptive Multi-user channels on One Slot) was agreed at GERAN #40. Adaptive symbol constellation [2] (alpha-QPSK) is introduced as the primary downlink modulation scheme. The constellation can be chosen according to the capabilities or radio conditions of the two paired mobile stations. Through adjusting the SCPIR (Sub Channels Power Imbalance Ratio) of the paired users periodically, the two users can both achieve preferable performance. The main issue is how to achieve accurate SCPIR value at proper time in BSS side. The contribution proposed by Ericsson [2] suggested using the reported RXQUAL to estimate SCPIR. But the low precision of RXQUAL often leads to inaccurate estimation of SCPIR, so the capacity gain of adaptive symbol constellation becomes less.
2 Estimating SCPIR based on RXQUAL
Ericsson’s contribution [2] presents that in order to determine symbol constellation, i.e. alpha, the modulator may receive feedback from the two paired MS. The BSS estimates alpha depending on the reported capabilities, RXQUAL and RXLEV by each MS. Then the powers P1 and P2 required for MS1 and MS2 are calculated based on alpha. At last the control unit computes a combination of output power P.

This method may lead to the following three problems:

1. RXQUAL is only quantified to eight grades which present different BER value intervals. The grades are too rough to estimate SCPIR accurately because MS on different radio conditions may report the same RXQUAL value. And this is the main limitation for the sufficient application of alpha-QPSK scheme.
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Figure 1 OSC AFS5.9k TU3iFH RXQUAL vs. FER

Figure 1 gives an example for this problem. This figure shows the relationship of RXQUAL with FER. The curves above in different interference scenarios and with different SCPIR value are similar because of the definite relationship of these two parameters with one fixed codec rate. As the RXQUAL grades are too rough, good radio condition (for example FER=0.1%) and bad radio condition (for example FER=6%) are likely to be quantified to RXQUAL_6. So the BSS is impossible to adjust the SCPIR of the two users to achieve preferable performance based on the reported RXQUAL.
2. There is measurement error in RXQUAL which will also affect the accuracy of SCPIR estimation.
3. The reporting period of RXQUAL is long, wireless channel delay should also be considered, so the estimated SCPIR may not reflect the current radio conditions of the paired users well.

Considering the above drawbacks of SCPIR estimation method, the calculated powers P1 and P2 required for MS1 and MS2 are inaccurate that may lead to bad voice quality, so new methods on SCPIR selection should be taken into account.
3 Effect of ideal SCPIR selection
If the BSS can always select the ideal SCPIR of the two users, some obvious advantages can be achieved which are listed as following:

1. Accurate SCPIR can reflect the radio conditions of the two paired users well, and it can get the maximum capacity gain of alpha-QPSK scheme.

2. Accurate SCPIR can avoid the infection from the inaccurate estimation of other parameters.

3. Faster updating of SCPIR can track the channel fading better.

These advantages can be achieved by reporting some new defined message to BSS, and the message can reflect the radio condition more accurately and more timely.

Some preliminary simulations have been done at system level to evaluate the potential gains of ideal alpha-QPSK. The selected network configuration is MUROS-1 as shown in Table 1, and the simulated channel mode adaptation mode is C1.

Table 1  Network configurations 

	Parameter
	MUROS-1

	Frequency band (MHz)
	900

	Cell radius
	500 m

	Bandwidth
	4.4 MHz

	Guard band
	0.2 MHz

	# channels excluding guard band
	21

	# TRX
	4

	BCCH frequency re-use
	4/12

	TCH frequency re-use
	1/1

	Frequency Hopping
	Synthesized

	Length of MA (# FH frequencies)
	9

	Fast fading type
	TU

	BCCH or TCH under interest
	Both

	Network sync mode
	Sync


Simulation results are shown in Figure 2. “C1 with current alpha-QPSK” is the case where the selection of alpha is based on the RXQUAL and RXLEV reported by both paired mobile stations, whilst “C1 with ideal alpha-QPSK” is the case where the BSS knows every aspects of the radio conditions of both paired mobile stations, without the necessity of signaling over the air interface. It can be found that there’s about 11.7% of performance gap at 5% bad quality calls between current optimized alpha-QPSK power control and ideal alpha-QPSK power control.
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Figure 2  Bad Quality Calls of Channel Mode Adaptation Mode C1 in MUROS-1
4 Conclusion

In this contribution, some problems of selecting SCPIR based on the reported RXQUAL are analyzed, and the system simulation shows that ideal SCPIR selection of alpha-QPSK will contribute to a significant capacity increase. It is proposed to find other ways to increase the accuracy of SCPIR selection.
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