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Introduction
A GPRS mobile station has a maximum number of transmit timeslots determined by its multi-slot class, and a maximum transmit power level determined by its power class. This may present an issue for mobile terminal manufacturers, because a mobile terminal may not be able to simultaneously provide the maximum power control range when the maximum number of timeslots have been assigned because of possible overheating of the transmitter circuitry.  This may limit the power class and/or multislot class for available mobile terminals.

This may be illustrated by the following two examples in which the mobile station has a limited capability to dissipate heat by the RF power amplifier.  

Example 1

Consider a GSM900 mobile capable of power class 2 (+39dBm) for single timeslot operation, [1].  For the sake of illustration, this mobile would have the ability to support multi-slot class 18 (8 timeslots), [2].  Further, assume that this mobile has an RF transmitter efficiency, n, of 35% at the highest power level only, a power dissipation proportional to the square root of the output power, and a maximum transmitter power dissipation,  PTX Dis , of 15W.  The power dissipated by the transmitter is:

(1)  PTX Dis = (Power Level)*[(Power Level/Max Power)^.5]*(Number of Slots) /n  

Using this equation, (1) we can compute the transmitter dissipation versus power level for a given number of assigned timeslots, as shown in the following table, with the shaded regions indicating power dissipation greater than the arbitrary thermal limit of 15W.

	GSM900 Power Class
	Max Output Power (dBm)
	Class 2 GSM 900, PTX Dis  root power, Maximum PTX Dis = 15W

	
	
	

	
	
	Power Dissipation (W) versus Number of Timeslots, n = 35%

	
	
	1
	2
	3
	4
	5
	6
	7
	8

	2
	39
	7.943
	15.887
	23.830
	31.773
	39.716
	47.660
	55.603
	63.546

	3
	37
	6.310
	12.619
	18.929
	25.238
	31.548
	37.857
	44.167
	50.477

	4
	33
	3.981
	7.962
	11.943
	15.924
	19.905
	23.886
	27.868
	31.849

	5
	29
	2.512
	5.024
	7.536
	10.048
	12.559
	15.071
	17.583
	20.095


Table 1: Power Dissipation for GSM900 Power Class 2 (Example 1)

It may be observed that in order for this mobile terminal to truly have a power class of 2 (+39dBm), it must limited to one transmit timeslot.  In order to allow this mobile to operate at its highest output power capability for any number of assigned timeslots within the allowable range of a maximum of 8, the following rules may be applied to its operation:

1) The power class is reduced by 1 if the number of transmit slots increases to 2.

2) The power class is further reduced by 1 if the number of transmit slots increases to 3.

3) The power class is further reduced by 1 if the number of transmit slots increases to 4.

4) The power class is further reduced by 1 if the number of transmit slots increases to 6.

Under the existing specifications, the lowest power class is classmark 5 for this type of mobile unit (GSM900, GMSK).  Therefore a power class 2 mobile can only reduce its power class by three, and the fourth rule listed above is not applicable.   With only three possible power class reductions available, this mobile station could only support 5 transmit timeslots.  In order for this unit to support 8 transmit timeslots a lower power class is needed, i.e. class 6.  

Example 2
Consider a more realistic example for a GSM900 mobile, capable of supporting power class 4 (+33dBm) in single slot mode, with a multi-slot class of 12 (4 timeslots) at reduced power.  Suppose this mobile has an RF transmitter efficiency, n , of 35% at the highest power level only, a power dissipation proportional to the square root of the output power, and a maximum transmitter power dissipation,  PTX Dis, of 5W.  From (1) above, the transmitter dissipation versus power level is computed for a given number of assigned timeslots, as shown in table 4 below, with the shaded regions indicating power dissipation greater than 5W.

	GSM900 Power Class
	Max Output Power (dBm)
	Class 4 GSM900, PTX Dis  root power, Maximum PTX Dis = 5W

	
	
	

	
	
	Power Dissipation (W) versus Number of Timeslots

	
	
	1
	2
	3
	4

	4
	33
	1.995
	3.991
	5.986
	7.981

	5
	29
	1.259
	2.518
	3.777
	5.036


Table 2: Power Dissipation for GSM900 Power Class 4 (Example 2)

In order for this mobile to operate at its highest output power capability with a maximum capable assignment of four timeslots, the following rules may be applied to its operation:

1) The power class is reduced by 1 if the number of transmit slots increases to 3.

2) The power class is reduced by 1 if the number of transmit slots increases to 4.

Under the existing standards the lowest power class is power class 5 for this type of mobile station (GSM900 GMSK).  Therefore a power class 4 mobile station can only reduce its power class by one, and the second rule listed above is not applicable.   With only one possible power class reduction available, this mobile station could only support 3 transmit timeslots (GPRS multi-slot class 11).  In order for this unit to support 4 transmit timeslots (GPRS multi-slot class 12) a lower power class would be required, i.e. power class 6.  

Recommendations
Three recommendations are presented for industry consideration, regarding power and multi-slot class related network performance:

1) The mobile station may be allowed to reduce its maximum RF power level in multi-slot modes.  

2) The mobile station may be permitted to send its multi-slot RF power level capability to the network.  

3) A new power class for use in multi-slot situations.

Recommendation 1: Designation of multi-slot power class

The first part of this concept addresses the problem that the mobile station is not allowed to autonomously reduce its maximum output power level in transmit multi-slot cases.  To allow this, an additional classification may be needed which describes the conditions under which the mobile station is allowed to lower its maximum power to the maximum power level of the next lower power class.  We refer to this new classification as a “Multi-slot Power Class” (MPC) designation. 

The MPC designation provides a reduced lower limit but does not impose a change to the upper limit.  This allows the mobile station to continue providing an output signal level up to the power class-mark limit if the temporally discontinuous nature of mobile transmission results in the average power dissipation to be within the mobile station’s thermal constraints.
The possible format for the MPC designation is a number ranging from 0 to 32, where 0 represents the default case which allows for no multi-slot power class reduction.  In the 8 bit binary representation, bits 2 though 8 correspond to the number of mobile station transmit timeslots.  A bit value of one signifies that the power class is reduced by one.  For the two example cases the corresponding 8 bit MPC designator is presented below:

Refer to Example 1 above: The mobile station optimally operates under the following rules:

1) The power class is reduced by 1 if the number of transmit slots increases to 2.

2) The power class is reduced by 1 if the number of transmit slots increases to 3.

3) The power class is reduced by 1 if the number of transmit slots increases to 4.

4) The power class is reduced by 1 if the number of transmit slots increases to 6.

The Multislot Power Class designator for this case, MDPC(1:8), is binary 0111 0100, or decimal 116.  

Refer to Example 2 above: The mobile station optimally operates under the following rules:

1) The power class is reduced by 1 if the number of transmit slots increases to 3.

2) The power class is reduced by 1 if the number of transmit slots increases to 4.

The Multislot Dependant Power Class designator for this case, MDPC(1:8), is binary 0011 0000, or decimal 48.

Since increasing the number of timeslots from 1 to 2 causes the largest power increase on percentage basis, it may be useful for a mobile station to reduce the power class by two when going from single slot to two timeslot operation.   Therefore the most significant bit is utilized to designate two power class reductions when going from one to two timeslots.  Consider a further example:

Example 3: The mobile station operates under the following rule:

1) The power class is reduced by 2 if the number of transmit slots increases to 2.

The Multi-slot Dependant Power Class designator for this case, MDPC(1:8), is binary 1000 0000, or decimal 128.

For each operating mode there is a binary MPC(1:8) designator.  The two most significant bits, n=1,2, indicate the number of power class reductions (0,1 or 2) when increasing to two timeslots, and the remaining bits, n=3 to 8, indicate the number of power class reductions (0 or 1) when increasing to the number of timeslots from n-1 to n.  This is described as follows:

MPC(n)| n=1,2   
= Power Class Reduction for TX timeslot increase to 2

and
MPC(n)| n=3,4,…8 
= Power Class Reduction for TX timeslot increase to n

There are four operating modes in the GPRS standards with distinct power class definitions.  These four modes correspond to combinations of two operating bands and two modulation formats as follows:
1) GSM400/700/850/900 band with GMSK modulation

2) DCS1800/PCS1900 band with GMSK modulation

3) GSM400/700/850/900 band with 8PSK modulation

4) DCS1800/PCS1900 band with 8PSK modulation

The Multi-slot Power Class information for any mobile station product is fully described with a binary MPC(1:8) word for each of the four operating modes, for a total of 32bits.  More practically, the MPC may be constructed in this manner, but comprising only 4 bits, since realistic mobile station implementations are not expected to support more than 4 timeslots in each direction. 
Recommendation 2: Multi-slot Power Class Reporting

This recommendation is simply the possibility for the mobile station to report its 32-bit Multi-slot Power Class designation when accessing the network which, having this information, will choose between i) a lower power level for the mobile or ii) an assignment comprising a lesser number of timeslots in the cases where high power and high data rates are simultaneously desired.  
The ability to reduce the number of timeslots to maintain output power, when the alternative is lower quality of data and possible dropped connections, should allow for more flexible control of quality of service.  

Recommendation 3: New Power Class for Multi-slot Mode

This recommendation addresses the problem illustrated in examples 1 and 2, in which there is no existing power class having low enough maximum power levels to allow the mobile unit to support an assignment having the maximum allowable number of timeslots.  
Such new power class may only be required for the GSM400/700/850/900 bands with GMSK modulation type.  A new power class, e.g. 6, would be intended for use in GPRS multislot modes.  The proposed nominal output power would be 25dBm, with a nominal tolerance of +/-2dB, and tolerance over extreme conditions of +/-2.5dB.

Summary

A brief description has been presented of the some of the issues that GPRS mobile terminal manufacturers and operators face with regard to the ability of fully utilising the range of both power control and timeslot allocations, resulting in limitations to data rates and/or control of service quality.  Also presented were several recommendations for possible solutions.  We welcome feedback from GERAN experts on this matter, alternative solutions and opinions on whether with a standards-based solution in the near future.
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