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Introduction
In GSM voice services power control is used to achieve good voice quality, sufficient coverage and minimum interference. In MUROS two users are multiplexed on the same traffic channel hence each user becomes an interferer for the other co-TCH user. To keep this co-TCH user induced interference as low as possible and to accommodate different radio conditions experienced by each co-TCH user, it is necessary to allow power imbalance between the two co-TCH users as described in [1].
With power imbalance, in addition to avoiding zero-crossing issues on PA, the range of co-TCH pairing in a cell can be wider than with equal power. 

With one of the co-TCH MS in good DARP performance, non-DARP MS can be paired with it as the non-DARP MS can be given a few dB higher signal power than the DARP MS.
This document presents a method for providing this power imbalanced, and the performance of pairing non-DARP with DARP mobile stations.

1 Power control in co-TCH MUROS operation

To simplify the case, let us first suppose no user diversity is involved. We consider just two co-TCH mobile stations, and the principle applies to all other cases on burst by burst basis.

When NW has selected two mobiles to pair together in co-TCH mode, each baseband modulated signal is individually power controlled as shown in Figure 1 below.  
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Figure 1 Baseband combining with sub user power control

The BTS needs the following two key parameters when sending downlink RF bursts in MUROS mode: 

1. IQ stream of normalised scale, which suits the resolution and dynamic range of the DAC, and 

2. Appropriate power level of the burst, which drives the PA.

Here is an example for adapting the additional functionality required to be support by a  MUROS BTS:

1. From the path-loss of each of the two co-TCH mobiles, derive the required power level P1 for user 1 and P2 for user 2. Both P1 and P2 are linear quantities.

2. Using P1 and P2, obtain the IQ amplitude ratio of the two users as follows:  
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3. Determine the digital gains for each of  the two co-TCH mobiles:  

For user 1, G1 = cos(α), and 

For user 2, G2 = sin(α), 

where α=arc tan(R) and 
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4. Decide the Tx RF gain for the PA so that the Tx power level is

P=P1+P2

Examples of baseband IQ trajectory have been described in [1].
In the case of one mobile in DTx mode, the corresponding gain control (G1 or G2) is simply set to 0 (in linear term, not dB) while the other gain control is set to 1. If both users are in DTx mode then both gain controls are set to 0.

Link level performance with power imbalance

This section shows the initial link level performance with power imbalance for the two co-TCH users. The configuration for the link level simulation is shown in Table 1.
	Parameter
	Value

	MUROS Test Scenario
	Sensitivity

	TSC
	NSN 4 and legacy TSC 4

	Audio Codec
	AHS 5.9

	Frequency Hopping
	without hopping

	Propagation environment
	AWGN

	DTX
	Not used

	Power imbalance (dB)
	3, 5, 7, 9 and 11 for the legacy MS

-3, -5, -7, -9 and -11 for the DARP MS


Table 1 Link level simulation configuration for power imbalance scenarios
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Figure 2 DARP Phase 1 mobile with non-DARP legacy mobile performance with power imbalance

Since AHS5.9 is comparatively weaker codec and AWGN is comparatively hard for FEC to deal with, it is expected that other codecs and scenarios will work well in co-TCH mode with adequate NW management of co-TCH operation. 
Conclusion 
This contribution shows how power imbalance can be achieved in co-TCH. The link level performance shows that with co-TCH in AWGN scenario, it is possible to use non-DARP and DARP mobiles with power imbalance up to 11dB therefore power imbalance range proposed at GERA#39 of 10dB is realistic.

The co-TCH approach to achieve MUROS is a smart way of using existing GSM system and its recent DARP feature. The approach builds on top of conventional GSM operation with the focus on making good use of legacy mobile stations. With smart radio resource management, the power imbalance in co-TCH provides extended range over which co-TCH mode can be used. .
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