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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

NW selects suitable pairs, user1 and user2 for MUROS mode on burst by burst basis. The power given to each user is based on their needs, provided that the difference is no more than 10 dB. As an illustration, each baseband GMSK modulated signal is individually power controlled as shown in Figure 1 below. Then they can be linearly added together at baseband and modulated with the carrier as MUROS DL RF signal.
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Figure 1 Baseband combining with sub user power control

2 BTS changes for co-TCH MUROS operation

For baseband modulation:

Input port needs to have optional second voice channel, so that two voice streams can be modulated to form MUROS DL signals. 

The baseband modulator must be able to handle one- and two-channel binary stream. The one-channel is the same as before. The two-channel function is needed when MUROS mode is on, so that the RF output is effectively two legacy RF signals, possibly of different power levels, linearly added together with one rotated by 90 degree. 

There are various ways of implementing the above requirements. In the examples given below 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 what MUROS BTS needs to do base on Figure 1:

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

Another example of achieving the same effect is:
1. Align the two busts, and map user 1 and 2’s burst level coded bits to I and Q respectively. On I-axis 0(kG1, 1(-kG1. On Q-axis 0(kG2, 1(-kG2, where k is a scalar factor represents G1 and G2 in fix point format with a satisfactory resolution.
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Figure 2 Map two users’ ith bits on to QPSK considering power control of both users

2. Apply Pi/2 phase rotation on every symbol progressively (just like EGPRS 3Pi/8 rotation on every symbol). 
3. Apply Gaussian linear filter to satisfy the GSM spectrum mask..
Both of the above approaches give the same spectrum. Simulations based on both above schemes have the same performance.
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 link level performance with power imbalance for the two co-TCH users. Following effects have been studied:

1. On both paired users;

2. The different TSCs;
The configuration for the link level simulation is shown in Table 1.
	Parameter
	Value

	MUROS Test Scenario
	Sensitivity and MTS1

	TSC
	NSN 4 and legacy TSC 4

	Audio Codec
	AFS 5.9 and HR

	Frequency Hopping
	with hopping

	Propagation environment
	AWGN and CCI

	DTX
	Not used

	Power imbalance (dB)
	0, 2, 4, 6, 8 and 10 for the legacy MS

-2, -4, -6, -8 and -10 for the DARP MS


Table 1 Link level simulation configuration for power imbalance scenarios
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Figure 2 DARP Phase 1 mobiles MUROS performance with power imbalance
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Figure 3 DARP Phase 1 mobile with non-DARP legacy mobile performance with power imbalance

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 fine to apply MUROS on both DARP phase 1 mobiles with power imbalance up to 10dB, and it is possible to use a non-DARP and a DARP mobiles with power imbalance from 4 dB up to 10dB. 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 readily available 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..

It is proposed that sections 2 to 4 of this document be incorporated into the co-TCH part of the TR with power control section.
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