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Correction of Output Power Control

1. Introduction

The mobile station’s maximum output power is based on parameters received in system information messages on (P)BCCH while in the (packet) idle mode. When the MS moves via the dedicated mode to the dual transfer mode the maximum output power is correct. However when the MS is in the DTM and it is handed over to a new cell the MS is lacking the correct output power parameters of the new cell. The MS cannot calculate correct output power level for packet switched resources in the new cell while staying in the dedicated mode. Therefore the MS is not aware about the correct maximum output power for packet transfer when it enters to the dual transfer mode in the target cell.

Similarly the network has difficulties setting the correct maximum output power when packet resources are allocated on a different frequency band than the common channels (P)BCCH. The network cannot optimise the maximum power for each frequency band separately in a common BCCH cell and especially, because of the different mapping of power control levels on different frequency bands, the network cannot set the same dBm value for the maximum output power on each frequency band. This discussion paper considers the above problems in more details, introduces possible solutions and gives a proposal to correct and improve the standard in this respect.

2. Current situation

The MS transmitting data to the network shall use output power given by the formula in the sub-clause 10.2.1 of [1]:

PCH = min((0 - (CH - ( * (C + 48), PMAX)

where 

(CH 
is an MS and channel specific power control parameter, sent to the MS in an RLC control message (see 3GPP TS 44.060). For those uplink PDCHs, for which (CH has not been defined, value 0 shall be used.

(0 
 = 39 dBm for GSM 400, GSM 700, GSM 850 and GSM900
 = 36 dBm for DCS1 800 and PCS 1900

(
is a system parameter, broadcast on PBCCH or optionally sent to MS in an RLC control message (see 3GPP TS 44.018 and 3GPP TS 44.060).

C 
is the normalised received signal level at the MS as defined in 10.2.3.1.

PMAX
is the maximum allowed output power in the cell = 
GPRS_MS_TXPWR_MAX_CCH if PBCCH or CPBCCH exist
MS_TXPWR_MAX_CCH otherwise

As can be seen the key factor is the PMAX, since nevertheless what the calculation gives the MS shall use the lowest of the two; ((0 - (CH - ( * (C + 48) or PMAX given as the network delivered parameter. PMAX parameter is broadcast on BCCH in SI3 and in SI4 and respectively on PBCCH in PSI3, see [2] and [3]. The formula and the comparison work well when the packet resources are allocated in the same band than (P)BCCH.

Table 1 presents the nominal output powers of different bands. If the MS is packet idle mode listening BCCH (in 900 MHz band) intermittently and it receives the MS_TXPWR_MAX_CCH parameter with value 8 then the nominal output power level is 27 dBm. Then the MS requests packet resources and the network allocates resources on 1800 MHz. As can be seen from the table 1 value 8 denotes 14 dBm on the 1800 MHz band instead of 27 dBm on 900 MHz band. Too low output power level leads to a poor signal quality and respectively too high power level cause unnecessary interference.  

	GSM 400, GSM 900, GSM 850 and GSM 700



	Power control level
	Nominal Output power (dBm)
	Tolerance (dB) for conditions 



	
	
	Normal
	extreme

	
	
	
	

	0‑2
	39
	±2
	±2,5

	3
	37
	±3
	±4

	4
	35
	±3
	±4

	5
	33
	±3
	±4

	6
	31
	±3
	±4

	7
	29
	±3
	±4

	8
	27
	±3
	±4

	9
	25
	±3
	±4

	10
	23
	±3
	±4

	11
	21
	±3
	±4

	12
	19
	±3
	±4

	13
	17
	±3
	±4

	14
	15
	±3
	±4

	15
	13
	±3
	±4

	16
	11
	±5
	±6

	17
	9
	±5
	±6

	18
	7
	±5
	±6

	19‑31
	5
	±5
	±6


	DCS 1 800



	Power control level
	Nominal Output power (dBm)
	Tolerance (dB) for conditions



	
	
	Normal
	extreme

	
	
	
	

	29
	36
	±2
	±2,5

	30
	34
	±3
	±4

	31
	32
	±3
	±4

	0
	30
	±3
	±4

	1
	28
	±3
	±4

	2
	26
	±3
	±4

	3
	24
	±3
	±4

	4
	22
	±3
	±4

	5
	20
	±3
	±4

	6
	18
	±3
	±4

	7
	16
	±3
	±4

	8
	14
	±3
	±4

	9
	12
	±4
	±5

	10
	10
	±4
	±5

	11
	8
	±4
	±5

	12
	6
	±4
	±5

	13
	4
	±4
	±5

	14
	2
	±5
	±6

	15‑28
	0
	±5
	±6


Table 1 Nominal output powers for different bands [4].

3. possible Solutions

There are basically three possible solutions to correct both problem cases:

1) By adding the relevant missing information into point-to-point messages (this solution is suboptimal for the GPRS common BCCH case)

2) Correct the problems without signalling changes by redefining and extending the coverage of existing parameters.

3) By adding the relevant missing information into broadcast message (this solution does not apply for DTM).

It would be possible to combine different options, e.g. assuming solutions without signalling changes as options for earlier releases while aiming to full flexibility by signalling support at later releases.

3.1 In broadcast messages

By using the solution 3, the MS could get the information e.g. from system information messages. In this solution the network should include maximum output power control parameters for both bands, firstly for common control band and secondly for traffic channel band. All supported bands in a cell would require separate indications. The separate coding of all bands consumes a lot space in the system information messages and therefore it can be seen as a waste of signalling capacity. Alternatively a suboptimal approach could be considered where the maximum power would be defined as a common dBm value for all frequency bands of the cell.

If BCCH is only present in the network then the maximum output power control parameter should be added in SI3 and SI4. In this case the problem is that SI3 and SI4 are already full. If the network supports also packet control channels then the parameter should be added in PSI2. Currently serving parameters (e.g. GPRS_MS_TXPWR_MAX_CCH parameter) are given in PSI3 but it is not included in the required set of PSI messages to make packet access. Therefore the MS may transmit its packet request with incorrect maximum output power before it receives the correct parameter in PSI3.

3.2 In Point-to-Point messages

In DTM case after handover, the MS is allowed to request packet resources when it has received either DTM INFORMATION or SI6 message assuming DTM is supported in the new cell. One possible solution would be to add the PMAX parameter in both above mentioned messages. The indication of single band is enough with these messages because they are sent on the traffic channel band. It has to be noted that DTM INFORMATION message is optional for the network.
In the case of common BCCH on a multiband cell, by using the solution 1 the network can give correct parameter together with the other channel configuration information for the allocated frequency band. This way network can specifically give the parameter for PMAX for the allocated channel and band. Since the allocation messages concern a single band only, the multiple maximum output power parameter problem is not a concern like in the (optimum case) broadcast option. 

Assignment messages that need the parameter for PMAX are DTM ASSIGNMENT COMMAND and PACKET ASSIGNMENT (RR Packet Uplink Assignment and RR Packet Downlink Assignment IEs).

In addition in common BCCH case relevant messages are IMMEDIATE ASSIGNMENT (IA Rest Octets IE), (MULTIPLE) PACKET UPLINK ASSIGNMENT, (MULTIPLE) PACKET DOWNLINK ASSIGNMENT and (MULTIPLE) TBF TIMESLOT RECONFIGURE.

3.3 Solutions without signalling changes

Solution 2 covers options where signalling changes can be avoided. For DTM, one possible solution would be the use of the Power Level parameter sent in HANDOVER COMMAND message as a maximum output power level for PS traffic after CS handover (the MS may or may not have been in the dual transfer mode before the CS handover and it may request PS resources after handover) [2]. Currently the value of the Power Level parameter is used as initial output power level at the new the cell after CS handover. The parameter is valid until power control starts either on a TCH, FACCH, SACCH, PDTCH or SDCCH [1], e.g. until a new power control command is received on the SACCH channel. The MS shall employ the most recently commanded power control level appropriate to each above mentioned channel for all transmitted bursts [1].

Based on the existing power control handling it is possible for the network to set the Power Level parameter  (the initial CS output power for the new cell) to a level that is suitable to replace the PMAX parameter for PS power control on the new cell. When CS signalling starts the network commands the MS to use lower power level for the CS connection if feasible, based on radio conditions. In the DTM case the value of the Power Level parameter is used as a PMAX value when calculating the MS (PS) output power as specified in the sub-clause 10.2.1 of [1].
One additional option would be simply to define a default value for the PMAX parameter, e.g. 2W on GSM 900 (or the default value could be the maximum output power supported by the MS, in which case the output power would not actually be limited but mainly accurately defined in order to achieve predictable/equal behaviour from all mobiles). In this case, if the network actually wants to limit the MS output power to a lower level, then the PS power control parameters should use "alpha=0" with appropriate gamma values.

For the common BCCH multiband cell case, one can also restrict power control by setting the alpha parameter to zero and controlling the MS output power by proper gamma values. The drawback would be lost UL power control or alternatively the network would need to update gamma values frequently. If also the random access output power should be controlled, the PS channels should be limited to the BCCH band only.
4. Conclusion

In this paper has been presented an error case with the MS’s maximum output power when it is handed over to a new cell while in dual transfer mode. Because of the MS does not know the correct maximum output power level it may transmit with either too low or too high power level. As a consequence desired signal quality cannot be achieved or interference cannot be minimized.

Based on the facts described above the solution 1 should be the preferred option for DTM due to flexibility and enabling mobile specific configurations. The SI6/DTM info approach and the assignment based approach have the same functionality and the selection should then be based on implementation aspects. It is also possible to solve the DTM problem without making any signalling changes, preferably reusing the power level parameter from the handover command. In case signalling changes from R99 onwards are not considered acceptable, then a mixed solution should be selected. Preferably the above solution for later releases and the power level parameter on handover command message based solution for R99 and Rel-4.
Concerning the problem with traditional GPRS (i.e. the common BCCH case), the issue is not as straightforward since there are already mobile stations on the field that do not know the maximum allowed output power of traffic channel (in the case where PS resources are allocated on non-BCCH band). In order to avoid increasing the mobile population experiencing this difficulty, it is proposed to discuss and agree on a solution starting from as early release as possible. In case a full solution, including control for random access is required, the only option would be a new broadcast parameter, possibly with a default value (in case no room from BCCH is found). If full power on random access was considered acceptable, a new parameter should be added to the assignment, indicating the maximum allowed output power.
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