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1 Introduction

Enhanced Uplink is based on distributed scheduling principle where NodeB controls the maximum E-TFI of a UE for fast RoT control. Relative rate scheduling is an efficient method for controlling RoT with a single bit signalling request (SI) and relative grant (RG) as well.  When a UE is in SHO, multiple cells can influence maximum E-TFI of a UE. In the last meeting, it was agreed that the primary serving cell transmits three-state relative rate grants while the non-serving cells in active set sends two-state rate grants when overload condition arises. Relative rate grants from non-serving cells are interpreted as [DON’T CARE, STEP_DOWN] by the UE. When rate grant from any of the non-serving cells is STEP_DOWN, UE reduces its maximum E-TFI by one step [1]. 

Due to the conservative combining rule used at the UE, possible mismatch could occur between the maximum E-TFI scheduled by the serving cell (tracked at the NodeB) and the maximum E-TFI assumed by the UE. The latter is the UE pointer which points to the max rate that the UE is allowed to use.   The following scenarios can cause the mismatch:

1. Error in the downlink signalling channel resulting in mismatch between the maximum E-TFI pointer being tracked at the NodeB and the UE pointer. Hence, under utilization of UL resources occurs when the UE pointer is below the resources allocated by the NodeB. On the other hand, when UE pointer is above the pointer allocated by the NodeB, RoT overshoot can arise;  

2. RG from non-serving cell is treated with higher priority allowing the UE to reduce the UE pointer even though serving cell commands a increase in the UE pointer; 

3. In SHO scenario, non-serving Cells may under-allocate the resources for the SHO UE. As a result, RG down is used to reduce the rate used by the SHO UE. Over time, the UE would then converge to the rate allowed by minimum set.

2 Synchronization Algorithms 

A few solutions are available to solve the E-TFI mismatch problem between the Node-B and the UE:    

1. Detected TFC approach: Node-B synchronizes maximum E-TFI when MAC-e PDU’s are received [2].

2. Filtering approach: Scheduling command is filtered with an exponential filter, with a convergence parameter configured by the network [2].

3. Absolute rate grant approach: In addition to the relative rate grants, Node-B transmits maximum E-TFI to the UE using absolute rate scheduling. UE updates its maximum E-TFI based on absolute rate grants. Absolute rate grants can be transmitted periodically or event-driven depending on the scheduling algorithm.

4. UL signaling approach [3]: UE periodically transmits its assumed maximum E-TFI. All Node-B’s in active set synchronizes maximum E-TFI to the maximum E-TFI signaled by UE.


Detected TFC approach synchronizes to the actual E-TFI, not the maximum E-TFI. This would change the EDCH scheduling mechanism from controlling maximum E-TFI to actual E-TFI. Controlling actual E-TFI would have limitations of long ramp-up time when traffic is bursty.

Filtering approach is a relatively simple way of solving DL signalling error problem. However, when multiple cells can influence UE pointer, the filtering approach cannot synchronize the E-TFI mismatch between multiple cells. 

Absolute rate grant is already agreed to be supported and carried using E-AGCH in the downlink. The scheduler observes the discrepancy between its scheduled maximum E-TFI and actual E-TFI that is used by a UE over a period of time. For example, when the UE consistently uses E-TFI that is lower than scheduled maximum E-TFI, NodeB can lower its maximum E-TFI and reallocate its resources to other UEs. Upon receiving the new AG, the UE would then synchronize to the new maximum E-TFI by refreshing its UE pointer. 

UL signalling approach requires additional signalling channel to transmit UE assumed maximum E-TFI. It can be useful in quickly allocating capacity when a UE first enters SHO [3]. UL signalling approach has the added benefit of informing non-serving cells about the scheduled maximum E-TFI that may be useful in scheduling decision.

3 Summary 

In this document, we discuss the issue of maximum E-TFI mismatch between the Node-B and the UE that arises when scheduling in SHO or due to DL signaling error. This can lead to under utilization of UL resources or RoT overshoot. We describe a few possible solutions that are being discussed in 3GPP. Absolute rate scheduling can be used to solve the mismatch problem, without introducing additional signaling channel. However this approach is only applicable for the serving cell.

UL signaling approach is beneficial for SHO scenarios since it allows the UE to inform the NodeBs, both serving and non-serving cells of its current maximum TFI. Non-serving cells can use this information to increase the resource allocation for this UE and at the same preventing the persistent Down RG that otherwise the UE would receive. It should be noted that it unlikely that both options of sending AG and UL signaling to synchronize the resources between the UE and the NodeB are expected to be needed frequently. Hence, the overhead needed should be minimized e.g. it can be used periodically or event-driven way.

In addition to solving the mismatch that arises due to SHO scheduling, both approaches of sending the AG by the serving cell and UL signaling approach to synchronize the UE pointer also resolve the problem of mismatch caused by DL signaling error. While the sending of AG is already supported, it is proposed that UL signaling, either through L1 or MAC-e control PDU, be incorporated into EDCH as well.
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