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Introduction

The mobile station difficulties to support a high number of uplink slots were discussed at TSG GERAN #12. The main issue is that the standard defines the same output power capability for multislot uplink allocations as for single slot allocations and there is no flexible way to dynamically change the MS power class to suite instantaneous conditions. Tdoc GP-023193 provided background information and a few options to solve the problem.

The standard supports class mark change and change of MS capabilities through a routing area update but these procedures are found to be too slow and also not properly supported by several network implementations. As a reference, UTRAN defines the UE output power in a way that the mean output power requirement does not change as a function of allocated recourses. If the network increases service bit rate, the link budget is affected and the range for a higher bit rate service is lower than for a lower bit rate service. This link budget variation has been considered acceptable and preferable considering the advantage it gives for the UE implementation.

Requirements

The standard should allow the MS to report a high output power capability according to its capability for single slot operation. This guarantees maximum cell range for speech and other low bit rate services. On multislot uplink allocations, the MS should be allowed to reduce its output power if necessary. Heat dissipation could be one reason why the MS may not be able to transmit at “full power” for a long period of time. Depending on the design, the MS may be able to transmit at full power for a limited time but would need to reduce output power if the multislot uplink is allocated for a longer period of time. In some cases the MS would have an immediate need to reduce output power, like in the case of limited power supply capability.

Since the conditions may vary significantly, the decision to reduce output power should be left for the MS. Naturally the standard should define accurately the rules for the MS and the exact limits for the output power reduction. The solution should be such that the MS may indicate the high output power capability of single slot operation, towards legacy networks. If there was a requirement for the MS to accurately fulfil the output power as defined by current signalling, then a mobile with high multislot UL capability would need to indicate a very low power class. A sufficiently low power class might not even exist for some cases and in any case, indicating a low power class would mean reduced cell range for most services, especially reduced coverage for speech service.

It would be desirable also to allow the newly defined behaviour as a release independent feature, e.g. from R99 onwards.

Suggested solution

A solution that would be sufficiently flexible and dynamic and would have minimum impact on legacy networks would be to allow the MS to vary the supported maximum output power as a function of the number of allocated UL time slots. In case of single slot allocations and in all cases at lower output power levels, the MS shall follow exactly the requested output power.

Since some mobiles may have the capability to support the same output power for 8 slots as it supports for a single slot, the MS should always be allowed to transmit at the full output power corresponding to the indicated power class. A typical MS would need to reduce the output power for a multislot UL allocation, if not immediately, at least gradually if a high number of UL slots is used for a longer period of time. The standard should define a limit for the allowed power reduction as a function of UL time slots. The allowed reduction does not need to be in steps of power classes, it could be any step matching the need of a typical MS implementation but preferably the reduction should be defined as a number of power control steps.

The following table provides an example definition for the allowed output power range as a function of allocated UL slots. 

	GSM900 Power Class
	Max Output Power (dBm)
	Number of TX slots in use

	
	
	

	
	
	Allowed output power reduction (number of power control steps)

	
	
	1
	2
	3
	4
	5
	6

	4
	33
	0
	2
	3
	3
	4
	5

	5
	29
	0
	1
	2
	3
	4
	5


Another option to solve the problem would be to allow the MS to skip transmitting on some of the allocated uplink slots in a case that it cannot transmit on all slots at the requested power. The advantage of this option would be that the link budget would never be compromised. Even at extreme conditions, the link to the MS would not be lost, not even degraded (for the used slots). A disadvantage on this option is that uplink throughput would be reduced in several cases. Networks may use conservative output power control, especially for short uplink TBFs, in which case uplink throughput could be compromised in a significant percentage of the cell area.

Legacy network issues

Since a legacy network would not know that the MS may use reduced output power, there is a concern of service degradation. However, since mobiles today are mostly single uplink slot capable, or at most two slot capable, legacy networks normally do not even support UL allocations of more than 2 slots (and if necessary, should be easily configured to refrain from allocating more than two slots, if considered necessary). Legacy networks would then see the MS using the expected output power for single slot connections and possibly a reduced power for dual slot connections. Legacy networks would not see more than a single step of power reduction. One may still expect better throughput from a dual slot allocation compared to a single slot allocation with higher output power, which should justify that, no changes to the resource allocation algorithms (such that would make resource allocation dependent on the currently applied output power) would be needed.

In the case the MS would be allowed to skip uplink transmission on some blocks, legacy networks would lose some allocated uplink resources but a reliable data link would be guaranteed. Network experts should consider how the uplink power control would be affected if bad quality occurs on one of the slots while at least one provides good quality. There could be a risk that the network starts increasing output power on all slots instead of reducing power under good conditions in order to reach a level where the MS could start transmitting on all allocated slots.

In order to optimise network resource usage, it might be necessary to improve resource allocation algorithms but this should be considered occurring likely as a result of continuous service enhancements etc. In case of both options, the resource allocation algorithms could be enhanced to reduce the number of allocated uplink slots, if necessary under specific link conditions.

Optimisation for networks supporting later releases

Depending on the range of allowed power reduction, especially for a high UL multislot allocation, it could be useful for the network to know the MS behaviour more accurately. This would be possible by adding a signalling capability, defining more accurately the MS multislot output power capability (in REL-6). The definitions should be such that the power capability as defined by the legacy signalling should reflect the single slot output power capability. The exact need for a particular MS to reduce its output power as a number of UL slots, could be indicated so that the REL-6 network could make use of this more accurate information, if it so wishes. However, if this additional information is considered only marginally useful, then it should be left out in order to keep signalling changes as small as possible.

Adding more detailed information about multislot power capability would allow a REL-6 compatible network to limit the number of allocated uplink slots, in case needed for range limited operation. This could be useful especially in the case of mobiles supporting a high number of UL slots. On the other hand, perhaps it would be sufficient that the REL-6 compatible network would assume this behaviour without any specific capability indication. The only drawback would be that the network might reduce resources in a rare case where a terminal supports full power on all multislot allocations.

