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1. Introduction
The rate scheduling scheme in enhanced uplink enables a node B scheduler to manage the “UE allowed TFC subset” in step-wise manner by use of UE pointer. In this contribution, we review several issues of step-wise TFC controlling in the presence of multiple transport channels associated with enhanced uplink dedicated channel. 
2. Problem definition: Step-wise controlling of UE Pointer and Ordering TFCS
The step-wise controlling of UE pointer may require an ordering of TFCS possibly with respect to aggregated transmission rate of all TFs belongs to each TFC. This enables the uplink scheduler to control the noise rise contribution of UE by moving corresponding UE pointer up or down. Assuming that the scheduler can control TFC in this step-wise manner, the ordering of TFCS is not trivial task in case of more than one transport channel is multiplexed together. Figure 1 illustrates an example of TFCS for a case of two transport channel. Both transport channels have four transport formats, equivalent to the rate of 128, 64, 32 and 8kbps. The resulting total size of TCFS is 16 and all TFCs are ordered with respect to total transmission rate.
If current UE pointer indicates TFC7 (64kbps, 64kbps) and scheduler wants to reduce the maximum rate of TrCH 2 from 64 kbps to 8kbps, several DOWN commands should be sent until the Pointer reaches at TFC11 (64kbps, 8kbps) via downlink control channel. During the transition time there are possibly several problems:

1. Coupled control of maximum transmission rate of individual transport channel - The course of this adjustment includes some undesirable states which reduces the maximum rate of TrCH1. From TFC7 to TFC11, there are TFC8 and TFC10 which reduces the rate of TrCH1 to 32kbps and 8kbps respectively. Although this adjustment duration is short in this example, but in case of large size of TFCS with larger number of multiplexed transport channel, the adverse effect can be more serious reducing the effectiveness of fast L1 node B scheduling.

2. Signalling error sensitivity – In the presence of only 1 TrCH, the drifting of UE pointer would result slight higher or lower transmission than necessary. However, in the presence of more than one TrCHs, small drifting of UE pointer could result in some serious impacts in scheduling efficiency. In the example of Figure 1, let us suppose the scheduler wants to move UE pointer from TFC7 (64kbps, 64kbps) to TFC5 (128kbps, 8kbps) but there was error that UE pointer stopped at TFC6 (8kbps, 128kbps), possibly due to UP -> DTX misinterpretation. Therefore allocated resource for each TrCH is actually swapped around. This is particularly true if TFC of (LOW, HI) and TFC of (HI, LOW) are neighbouring TFC.   
3. Slow adjustment for higher priority transport channel – It may be desirable that the maximum rate of certain TrCH can be adjusted faster than others depending on its attribute such as priority and QoS. Current step-wise scheduling does not allow efficient signalling bandwidth sharing between multiple TrCHs. For example, if scheduler wants to move UE pointer from TFC7 to TFC1, 6 rate grant commands should be sent so that it is difficult to meet QoS critical uplink data transmission. 
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Figure 1: Ordering TFCS and problem of Step-wise controlling of UE Pointer
3. Proposed Solution: Step-wise controlling of UE Sub Pointer and Sub TFCS
Generally speaking, step-wise controlling of UE pointer seems only suitable solution in the presence of only one TrCH. In the following, we propose a solution which can be seen as a generalization of current step-wise UE Pointer controlling scheme: 
TrCHs are divided, possibly based on the priority, into multiple TrCH sub groups. Also the TFCS is divided into multiple sub TFCS which is associated with a UE sub pointer. Each sub TFCS contains the allowed combination of TF for the TrCHs belong to the sub group. Then the step-wise controlling is performed per sub UE pointers basis with restriction that the resulting combination of sub TFC should be a valid TFC in TFCS. The signalling of rate grant and rate request is also carried out per sub UE pointer basis and the sharing signalling bandwidth can be in TDM manner. Each TrCH sub groups can occupy unequal share of signalling bandwidth depending on priority.
Current step-wise controlling of UE pointer can be seen as a special case of the proposed solution that is the number of sub group is equal to one. For the case of example shown in Figure 2, one can divide two TrCH into two sub groups. In this case, each TrCH sub group comprises of only one TrCH and also sub TFCS of each group comprises of all TF of each TrCH allowed in original TFCS (Figure 2). Two sub UE pointers are indicating the TF of each TrCH and each sub UE pointer can be controlled independently by the node B scheduler. The rate grant and rate request signalling can be also carried out in uplink and downlink control channel in TDM manner. In this example, TrCH1 occupied more signalling bandwidth than TrCH2.
Let us examine then the problems identified in previous section below:  

1. Coupled control of maximum transmission rate of individual transport channel – Separating UE pointers into several Sub UE pointers removes the undesirable TFC transition. For example, in case scheduler wants to move UE pointer from TFC7 to TFC11, only maximum rate of TrCH2 is reduced while that of TrCH1 is intact. Even in case of large size of TFCS with larger number of multiplexed transport channel, it is still possible to remove the adverse effect of undesirable TFC transition which improves the effectiveness of fast L1 node B scheduling.

2. Signalling error sensitivity – Signalling error in a sub UE pointer will not affect the other sub UE pointers. In the example of Figure 1, if the scheduler wants to move sub UE pointers from TFC7 (64kbps, 64kbps) to TFC5 (128kbps, 8kbps) but there was error in 1st sub pointer, then the resulting UE pointer would stop at TFC11 (64kbps, 8kbps), possibly due to UP -> DTX misinterpretation.   

3. Faster adjustment for higher priority transport channel – By unequally sharing the control channel bandwidth, it is possible that the maximum rate of certain TrCH can be adjusted faster than others depending on its attribute such as priority and QoS. For example shown in Figure 1, if scheduler wants to change rate of TrCH2 by moving UE pointer from TFC7 to TFC11, the proposed solution allows more frequent rate grand command for TrCH2. Therefore scheduler can meet QoS critical uplink data transmission. 
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  Figure 2: Step-wise TFC controlling with UE sub pointer
4. Conclusion

In this contribution, we explained a problem of conventional step-wise controlling of UE pointer and proposed new solution based on UE sub pointer. It is shown that the presented solution has the following advantages 

1. De-coupled control of maximum transmission rate of individual transport channel

2. Reduced sensitivity on signalling error.
3. Unequal bandwidth sharing for faster adjustment for higher priority transport channel 

4. The conventional step-wise controlling of UE pointer is a special case of the proposed solution. 

From this conclusion, we propose the following text proposal for inclusion of TR 25.896. 

---------------------------------------------------------------------------------------------------------------
7.1.1.3.X
Step-wise control of the UE allowed TFC subset with Sub UE Pointers
TrCHs are divided, possibly based on the priority, into multiple TrCH sub groups. Also the TFCS is divided into multiple sub TFCS which is associated with a UE sub pointer. Each sub TFCS contains the allowed combination of TF for the TrCHs belong to the sub group. Then the step-wise controlling is performed per sub UE pointers basis with restriction that the resulting combination of sub TFC should be a valid TFC in TFCS. The signalling of rate grant and rate request is also carried out per sub UE pointer basis and the sharing signalling bandwidth can be in TDM manner. Each TrCH sub groups can occupy unequal share of signalling bandwidth depending on priority.
---------------------------------------------------------------------------------------------------------------
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