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1. Introduction

When allocating TFCs at higher data rates, the Node B may be allocating a significant proportion of the UL noise rise. To avoid resource wastage, it is of importance that the Node B does not allocate more resource than the UE requires or is capable of using. Thus, to support efficient scheduling, the Node B requires up to date information on UE status, which depends on transmit power, buffer occupancy and the status of any non EUL channels (such as voice). 

This information must be either derived by the network or indicated by some form of uplink signalling. This paper proposes and examines the use of the TFC selection algorithm for supplying additional uplink signalling for supporting scheduling.

2. Uplink signalling to support efficient Node B scheduling

In order to effectively allocate uplink resource in the own cell, the Node B needs to have a short-time awareness of the data rate requirements and capabilities of terminals in order to avoid unnecessarily allocating resource. Without this information, the Node B will have to rely on historical trends, which will not provide any insight into the future data requirements of a user. 
Parameters that affect a terminals uplink data rate include:

· The amount of data in the UE buffer

· The transmit power for the current TFC, relative to the maximum transmit power of the UE

· The status of any other transmissions (e.g. HS-DPCCH, Rel-99 voice)

When an uplink transmission is made, the UE takes into account the rules specified in [1] (or a modification of these rules specific to E-DCH) and selects a TFC. The selected TFC is indicated using physical layer signalling using the TFCI word. For an Enhanced UL channel, the TFC selection algorithm is likely to be restricted by a Node B pointer.

Prior to Node B scheduling, the UE may also employ the TFC selection algorithm in the following manner:

· Considering data in the UE buffer for the EUL (and any other processes buffers), but not taking into account data that is about to be transmitted in the same TTI as the UL signalling

· Considering TFC selection state information

· Without consideration of the Node B TFC limit.

The purpose of employing the TFC selection algorithm in this manner is not to make an actual transmission, but rather to indicate the TFC that would be likely to be selected in the next TTI, with no TFC limit, to the scheduler by means of transmitting an additional “predicted TFCI”. Transmitting the TTI enables the UL scheduling information to be quantised in a manner most connected with the allocation of TFCs/noise rise at the scheduler and selection of data rates at the terminal, to prevent the scheduler from unnecessarily allocating UL noise rise.

If the duration of the Node B scheduling command is likely to be longer than a TTI, the algorithm could be modified such that the UE divides the remaining buffer size by the duration in TTIs of the scheduling command and then operates the TFC selection algorithm in the above described manner, to yield a predicted TFC for several TTIs. This may be particularly relevant in the case of a 2msec TTI.
3. Transmission strategies for UL predicted TFC signalling

As with any signalling, it is of importance to keep overhead for reporting UL scheduling information to a reasonable level. To this end, the frequency, information size and format of the signalling is of importance

Frequency of predictive TFCI signalling

Some examples of means by which predicted TFCI may be reported include:

1. Each TTI

2. Every Nth TTI

3. On demand

4. When the predicted TFCI changes

5. When the predicted TFCI exceeds a certain level 

Advantages and disadvantages of these options are outlined in Table 1. Of these options a combination of (2), (4) and (5) seems the most promising since the signalling is only transmitted when large noise rise may be allocated to the UE and accurate prediction of noise rise is more important and since if the UE is able to support a large TFC it is also more likely to have sufficient transmit power to support the signalling bits.

	Frequency
	Advantages
	Disadvantages

	Each TTI
	Highest accuracy
	Largest signalling overhead

	Every Nth TTI
	Lower signalling overhead compared to every TTI
	Increased risk of TFC changing due to power and buffer size fluctuations

	On Demand
	Accuracy can be as good as every TTI method

Lower signalling overhead compared to every TTI
	DL signalling required

	When the predicted TFC changes
	Accuracy can be as good as every TTI method

Lower signalling overhead compared to every TTI
	Variable signalling overhead

	When the predicted TFC exceeds a certain level
	Lower signalling overhead compared to every TTI
	Accuracy reduced depending on threshold. Variable signalling overhead


Table 1 Advantages and disadvantages or reporting methods

Size of predictive TFCI signalling

The size of predictive TFCI signalling may be:

· A TFCI codeword, as for the actual TFC

· A TFCI codeword based on a subclass of TFCI, requiring fewer bits (i.e. a quantised TFC)

· A differential between the actually used TFC and the predicted TFC

6. Conclusion

This paper has presented a mechanism to provide the Node B with more information with which to make a decision about the TFC it grants to each UE to ensure optimal use of the available  resources in a cell,

By using the predicted TFCI mechanism described herein, the NodeB is able to accurately gauge the transmission requirements for all UEs in a cell, and adjust the TFCS grants to the UEs accordingly.
The main change required to the existing Enhanced UL concept is the introduction of UL signalling which would indicate the predicted TFCI usage on a periodic basis.  The TFC selection mechanism used in the derivation of this predicted TFCI is identical to the one currently used in the UE.  

It is proposed that the group agree on the proposal in this paper, and capture the agreement in the stage 2.
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