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1. Introduction

Currently [25.133] handles issues related to radio link management, and one of the functions is the link adaptation. This contribution introduces additionals minimum requirements for the link adaptation, besides to clarify the existing ones.

The previous proposal for those requirements [1] already considers the link rate adaptation as a functionality which allows the UE to switch down and up the user bit-rate depending on the UE transmit power level, but without defining requirements for the bit-rate up-switch. In this contribution, we clarify the minimum requirements of [25.133] concerning the down-switch functionality and we discuss the extention of them with the definition of minimum requirements for the user bit-rate up-switch functionality.

2. Discussion

2.1 UE link adaptation to improve coverage or increase user bit-rate

When the UE suffers from a UL coverage problem, such as high pathloss (UE at the cell border) or big fading dips, the UE transmit power will get close to the maximum. In order to improve the UL coverage, the UE should switch to a Transport Format Combination (TFC), within the assigned TFC Set (TFCS), corresponding to the next lower user bit-rate, that way reducing the UE the transmit power.

The UE should then switch back to the previous higher bit-rate TFC as soon as the radio conditions improve and if it has data to transmit.

This function is especially beneficial to ensure the full coverage for best effort services, for which a TFCS is assigned and for which there are no requirements on a guaranteed bit-rate, and at the same time to locally provide the highest possible bit-rate.

2.2 Minimum performance criteria

Radio link adaptation requires 4 tasks from the UE. 

a) UE must have the ability to detect that its maximum transmit power is being reached, 

b) UE must have the ability to detect that it can no longer follow the closed loop power control command from the BS, 
c) UE must have the ability to select the suitable bit-rate, with which closed loop power control can be maintained. Particularly it must estimate the future level of the UE transmit power the bit-rate up-switch leads to, in order to avoid ping-pong effects between user bit-rates and performance degradations.

d) UE must have the ability to switch on a different bit-rate as fast as possible, once the suitable one has been selected.
The above consideration leads to 2 performance measures with respect to how well the UE performs the tasks and these are :

a) Minimum delay requirement. This ensures UE does not adapt to a lower rate transport format unnecessarily or to an higher rate transport format imprudently, under false condition.

b) Maximum delay requirement. This defines how fast UE is able to detect the condition and execute the switch on a different rate transport format.

3. Proposed TextS

We propose the following changes of [25.133]:

5.2
Radio Link Management

5.2.1
Link adaptation

5.2.1.1
Definition of the function 

Radio link adaptation is the ability of the UE to select the suitable transport format combination from the assigned transport format combination set, in order to maintain  inner loop power control, in the case of reaching its maximum transmit power. This is necessary for supporting the  highest bit-rate as possible when enough transmit power not is available.
5.2.1.2 Link adaptation delay minimum requirement

  
When the UE output power is approaching the UE maximum transmit power and the inner loop power control can no longer be maintained for coverage reasons, the UE should adapt to the transport format combination corresponding to the next lower bit-rate. Before doing that, the UE output power measured over at least [t1] ms shall be [margin1] dB within the maximum (margin1 is FFS).
As soon as the UE output power is [margin1] dB below the UE maximum transmit power and the UE has enough data to send, it shall continuously estimate whether the output power needed for a switch to the transport format combination corresponding to the next higher bit-rate does not exceed [margin1] dB below the maximum. Before the UE switches to the next higher rate transport format it shall have enough power to support that up-switch for at least [t2] ms.

The minimum delay requirements t1 and t2 shall be zero or a multiple of 10 ms. (Whether t1, t2 and margin1 should be configurable is FFS).
5.2.1.3
Link adaptation  maximum delay requirement


As soon as the UE has detected the switching feasibility, it shall start to use the transport format combination corresponding to the new bit-rate selected within 10 ms.
4. Conclusions

We propose the text in Section 3 of this contribution shall replace the existing one in [25.133].
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6. Appendix

6.1 Picture on Link Adaptation requirements.
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t1:  minimum delay before starting down-switch

t2:  minimum delay before starting up-switch

maximum delay for the switch execution:  10 ms

Margin1:  power margin

(Pow: power gap estimated before doing down-switch
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