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1. Introduction

At RAN1#38bis, RAN2#44 and e- mail Ad Hocs the quantity controlled by scheduling grants was discussed. Two alternatives are under consideration:

· The maximum E-TFI (transport format index) the UE may use

· The maximum (E-DPDCH+DPDCH)/DPCCH power ratio (i.e., beta factors) the UE may use

Different views were expressed and unfortunately the groups have not concluded upon this issue[1]. This document discusses the pros and cons with the two approaches and recommends a conclusion.

2. Discussion

In absence of DCH transmission, the two alternatives are in principle equivalent. The E-DCH transport format selection in the UE operates on the power availability and will hence convert a power ratio to a suitable transport format. Assuming that the beta factors are known in the Node B (reference E-TFC associated with a reference beta E_DPDCH vs DPCCH), the two alternatives are equivalent also from a network perspective as a maximum E-TFI can be converted to a maximum power ratio (and vice versa).

In presence of a DCH, the two alternatives exhibits some differences; differences that are more pronounced the higher the DCH data rate is and the more bursty the DCH traffic is. Fundamentally, the main reason for scheduling is efficient utilization of the interference headroom in the network, although Node B and Iub constraints need to be accounted for as well. One of the targets with scheduling is to maintain a constant noise rise (interference level) in the network. Drastically varying interference levels may course problems for the power control mechanisms, degrade the service for non-E-DCH users and reduces the air interface efficiency.

The principle behavior of the two alternatives is illustrated in Figure 1. As seen in the figure, the higher the DCH data rate and the larger the variations in the traffic, the larger the difference between the two approaches.
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Figure 1: Illustration of the transmission power from a UE with the two cases. The height of the bars is proportional to the data rate in a given time interval (and hence proportional to the interference generated and the amount of Node B processing resources required).

The Node B receiver is implementation dependent, but two possibilities are illustrated in Figure 2. Either separate processing resources (de-spreading, decoding, etc) is used for the DCH and E-DCH, or a shared approach is taken, where processing resources are shared between the two channels. 
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Figure 2: Example of two receiver implementations. Separate (left) and shared (right), processing resources in the Node B.

The following properties can be identified for the TF index approach:

· Suboptimal radio resource utilization. Note that this is due to the fundamental design of the grant and cannot be improved with an improved hardware implementation.

· May lead to interference variations.

· Is suitable for separate processing in the Node B as the E-DCH resources can be limited separately from the DCH resources. Note that unused DCH resources cannot be used for E-DCH decoding in a separate processing approach and thus will be idle part of the time (both with separate and shared implementations).

· Cell wide scheduling grant control complex as UEs may have different Transport Formats configured.

The following properties can be identified for the shared approach:

· Optimal radio resource utilization, i.e., the structure of the grant does not limit the potential of the air interface.

· Will lead to reduced interference variations.

· With shared processing, the amount of Node B resources is proportional to the total data rate. Hence, the Node B can control the HW resource consumption for a user. With separate processing, the Node B can still control the resource usage, but the E-DCH resources allocated may not be fully utilized, depending on the DCH activity in the TTI.

· Allows for a simple cell wide rate control as compared to TF index based scheduling grant control

3. Conclusion

As seen from the discussion above, the power ratio approach allows for efficient radio resource utilization. The Node B HW resource usage can be controlled for both receiver implementations considered, although the shared processing is preferable in this case. The transport format index approach will reduce the radio channel utilization and may cause increased variations in the interference level. Both receiver implementations can be considered for the TF index approach, although the only reason for the TF index approach is a tighter control of the E-DCH resources in the case of separate processing. 

Therefore, it is recommended to adopt the (E-DPDCH+DPDCH)/DPCCH power ratio as the quantity signaled by the scheduling grants.
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