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Downlink power control with orthogonal sub channels
1. Introduction

Orthogonal Sub Channels (OSC) was introduced as a candidate for enhancing the voice capacity in Rel-8 for GERAN [1] under the MUROS study item. In downlink OSC uses a QPSK constellation with users multiplexed on orthogonal channels. In addition, downlink power control is achieved using OSC by switching to a rectangular constellation that can be constructed using the constellation points available on an existing 8-PSK downlink modulator as shown in [2]. In this contribution simulation results are presented to demonstrate the range of power control achievable between the sub-channels on the downlink. It is also shown how legacy SAIC as well as non-SAIC mobiles could be multiplexed in the downlink using OSC with the proposed power control strategy. 
2. downlink Power control using the 8-psk modulator for Osc

In downlink, it is possible that the mobiles multiplexed on a given OSC resource experience different channel conditions. In general, it is preferable to multiplex users with similar radio conditions on a given OSC channel however, due to dynamically varying radio conditions, this cannot be guaranteed throughout the call. In the case of eventual degradation of one or the other link one strategy could be swap the troubled user out of the OSC channel by using an intracell handover mechanism. However, using downlink power control between the sub-channels, the number of such cases where an intracell handover is necessary could be reduced significantly there by sustaining an OSC call much longer and supporting more OSC calls in a cell irrespective of the asymmetric radio conditions in downlink between the two users.
In [2], a strategy of power control between the sub-channel users using the existing 8-PSK modulator in downlink is highlighted. As shown in the figure below, the power control is achieved by simply reusing a different set of co-ordinates available on the 8-PSK modulator. 
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Figure 1: Downlink power control for OSC
It should be noted that switching to a given rectangular constellation results in a single power control step. The power imbalance obtained between the two sub-channel users by using the depicted rectangular constellation would be approximately 7.6592 dB. However, the constellation arrangement could be varied between the square (QPSK) arrangement and the depicted rectangular arrangement on a burst by burst basis giving different power control steps. The actual performance in downlink then depends on the mix of the constellations used (within an interleaving depth) and also the mode of AMR codec used. In this contribution, the constellation points are switched burst by burst using a given predetermined pattern and the achieved performance offsets are shown. 

3. Simulation settings

Table 1: General simulation settings

	Parameter
	Value

	Channel
	TU 3

	Frequency hopping
	Ideal

	AMR modes
	TCHHS, TCHAFS 12.2, TCHAFS 5.9, TCHAHS 5.9

	Antenna diversity (TX and RX)
	Off

	SAIC
	On / Off

	External Interference
	Single Co-channel (MTS-1), AWGN

	External Interferer Modulation
	GMSK

	C/I
	Carrier Power (includes both users) / Power of External Interferer

	TSCs
	TSC-0 legacy and TSC-0 from new set shown in [1]

	Number of frames
	10000 frames per each C/I point


4. Simulation Results
4.1 Multiplexing a SAIC mobile with a legacy non-SAIC mobile

In this section the case of multiplexing a SAIC mobile with a non-SAIC mobile is studied. It should be noted that one of the two mobiles use the newer TSC hence they are not entirely legacy in that sense. However, apart from the knowledge of the new TSC, nothing else is modified for the SAIC algorithm. Hence, the SAIC mobile with the knowledge of new TSC here might as well represent a MUROS aware mobile. 

The multiplexing case studied here is the case when the SAIC mobile is on the weaker sub-channel and the legacy non-SAIC mobile is on the stronger sub-channel. This is the typical multiplexing use case to support legacy non-SAIC mobiles in the field using OSC. The results are shown in Figure 2, Figure 3, Figure 4 and Figure 5. It can be observed that to multiplex 4 users (2 of which are legacy non-SAIC mobiles) using half rate codecs – TCHHS or TCHAHS 5.9, C/Is around 10 to 20 dB are sufficient in the cell. To multiplex full rate users using TCHAFS 5.9 for instance C/Is from 3 to 15 dB are sufficient. Thus, It can be seen that multiplexing a legacy non-SAIC mobile with a SAIC mobile using OSC is feasible using both full rate and half rate codec modes. Hence, up to four users including legacy non-SAIC mobiles could be multiplexed using OSC in downlink using the proposed power control strategy. 
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Figure 2: TCH:HS
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Figure 3: TCHAFS 12.2
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Figure 4: TCHAHS 5.9
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Figure 5: TCHAFS 5.9


Legend: In the figures above, the usage of rectangular and square constellations is switched using a predetermined pattern of length 8. For instance, Square1_Rect7_SAIC_ON depicts the performance of a SAIC mobile when the constellation diagram is switched between 1 square (QPSK burst) and 7 rectangular bursts alternatively. It should be noted that when the rectangular burst is used, the signal corresponding to the SAIC mobile is attenuated (by approximately 7.6592 dB). RectConst_SAIC_ON refers to the case when all the bursts use the depicted rectangular constellation (performance of SAIC mobile which in this case is always on the weaker channel is depicted) and SquareConst_SAIC_OFF referes to the case when all the bursts use QPSK (performance of non SAIC mobile is depicted). 
4.2 Multiplexing two legacy SAIC mobiles

Multiplexing two SAIC mobiles is the easier case compared to the case studied in section 4.1. The advantage of having 2 SAIC mobiles is that multiplexing could be achieved with much lower C/Is in the cell as seen from Figure 6, Figure 7, Figure 8 and Figure 9. Here user 2 is always put on the strong channel and user 1 is put on the weaker channel. It can be seen that with 2 SAIC mobiles, C/Is in the range of -3 to 12 dB are sufficient to support simultaneous voice call between two mobiles on the downlink using TCHAFS 5.9 codec for instance. It should again be noted that one of the two SAIC mobiles used the orthogonal TSC from the new TSC set and hence can be considered as a MUROS aware mobile. Alternatively two TSCs from the legacy set which have good orthogonality could also be chosen thereby multiplexing 2 legacy SAIC mobiles simultaneously. This case however has not been investigated here. 
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Figure 6: TCH:HS
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Figure 7: TCHAFS 12.2
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Figure 8: TCHAHS 5.9
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Figure 9: TCHAFS 5.9


4.3 Sensitivity results

In [3] it has been shown that for rectangular constellations, legacy SAIC mobiles may fail to decode the data beyond a degree of power offset between the subchannels in sensitivity limited scenarios. In this section, simulation results are shown to verify how the legacy mobiles behave in the sensitivity limited cases when receiving signals on downlink with sub-channel power control as depicted in this contribution. It can be seen from Figure 10 that there is no error floor in the performance of SAIC mobile both on strong and weak channels using the rectangular constellation points possible with 8-PSK modulator. Also from Figure 11, it can be seen that legacy non-SAIC mobiles can also decode the OSC signal in downlink as long as they are multiplexed on the stronger channel. It should be noted that all the bursts used a rectangular constellation here (i.e the case of maximum power imbalance between the subchannels). Further granularity in power control steps could be obtained by varying the constellation diagram as depicted for the interference limited scenarios but this exercise is not repeated here. Further, it can also be noted that as long as the mobiles are multiplexed on the strong channel, the performance of the legacy mobiles with and without SAIC in sensitivity limited scenarios is quite close (as seen from the performance of user 2 – who is the stronger user ​– in Figure 10 and Figure 11). 
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Figure 10: Sensitivity performance – SAIC ON
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Figure 11: Sensitivity performance – SAIC OFF


5. Conclusion

In this contribution feasibility of multiplexing legacy SAIC and non-SAIC mobiles using OSC along with downlink power control is shown. It is evident from the simulation results that both legacy SAIC and non-SAIC mobiles could share an OSC channel under varied radio conditions. A MUROS aware mobile could simply be seen as a new mobile aware of the orthogonal TSC set. Thus, the necessary changes to implement OSC in the new mobiles are also rather negligible. With OSC and with the proposed power control strategy, OSC can support the following cases with 2 mobiles using full rate speech or 4 mobiles using half rate speech. 
Table 2: Multiplexing options supported by OSC

	 
	SAIC
	NON-SAIC

	SAIC
	Yes
	Yes

	NON-SAIC
	Yes
	No
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