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1. Introduction
Node B controlled scheduling aims to give the Node B the possibility to control, within the limits set by the RNC, the set of TFCs from which the UE may choose a suitable TFC. In Rel5, the uplink scheduling and rate control resides in the RNC. By providing the Node B with similar tools, tighter control of the uplink interference is possible which in turn, may result in increased capacity and improved coverage. Two fundamental approaches to scheduling have been identified during the study item phase:
· Rate scheduling, where all uplink transmissions occur in parallel but at low enough rates such that the desired noise rise at the Node B is not exceeded.

· Time-and-rate scheduling, where theoretically only a subset of the UEs that have traffic to send are allowed to transmit at a given time, again such that the desired total noise rise at the Node B is not exceeded.

In this contribution, we discuss about the general requirements on Node B controlled scheduling and propose a possible scheduling structure to satisfy the requirements.

2. Requirements on Node B controlled scheduling

The scheduling structure or the related signalling scheme should satisfy the following requirements.

· Requirement 1: Tight and rapid control on the uplink noise rise. More unpredictable uplink noise rise variation and slower scheduling mechanism would require larger RoT margin. Larger RoT margin would imply reduction in the amount of RoT that can be dynamically controlled by the Node B. This would reduce the efficiency of the Node B controlled scheduling. Therefore, the scheduling structure should be designed to minimize the uncertainty in RoT control as well as the scheduling delay.
· Requirement 2: Avoidance of the delay in reaching the required data rate. Packet data transmissions are typically burst with large variations in their resource requirements. The delay in adjusting the data rate to the required rate would not be desirable. Degradation due to ramp up delay would become more serious for e.g. network gaming application and also for TCP protocol. It is recommended to design a mechanism that can allocate the required data rate to the UE immediately if the RoT condition allows it.
In addition, we make the following observations on the rate scheduling and time-and-rate scheduling.

In rate scheduling, step-wise rate adjustment by using the rate grant signalling can prevent a sudden increase of RoT. This property would be preferable because the small variance in RoT can improve system throughput. However, if a large amount of data abruptly occurs in the UE buffer while transmitting at low data rate, the step-wise rate increase will result in long ramp up delay to reach the required data rate even though the uplink load is very low. The ramp up delay can be significant portion of the total transmission time depending on how much and how frequently data occurs in the UE buffer.
In time-and-rate scheduling, tight time scheduling of E-DCH transmission could limit the number of simultaneous uplink transmissions that can behave as interference to each other. This would be beneficial if there are lots of UEs in the cell. 
From the observations above, we draw one more requirement. 

· Requirement 3: Support for both rate scheduling and time-and-rate scheduling. The signalling for scheduling should be able to support both rate scheduling and time-and-rate scheduling to enable the network to adapt to cell load condition.

3. Structure for flexible Node B controlled scheduling
3.1. Signalling support on downlink
To satisfy the requirements discussed in section 2, we propose to have following physical layer signalling support on downlink. 
· Rate grant
· It enables step-wise rate scheduling to have small RoT variance. 
· With rate grant, the Node B commands one step ‘up’/’down’ or ‘keep’ of the allowed data rate (or equivalently the UE pointer indicating the set of the allowed E-DCH TFCs). It would be a 1-bit signalling, i.e., up/keep/down would correspond to ‘+1’/DTX/‘-1’. 

· The rate grant command is specific to each UE.
· It is preferable to transmit the rate grant command by physical layer signalling on a new shared code channel(s). One method of multiplexing the rate grant commands is to allocate mutually orthogonal symbol patterns to identify and carry the rate grant for each UE (i.e. code multiplexing). The other method is to allocate different time periods to identify and carry the rate grant for each UE (i.e. time multiplexing). Combination of both time and code multiplexing is also possible.
· Scheduling assignment

· Scheduling assignment is introduced to avoid the delay in reaching the required data rate by explicitly indicating the UE pointer. 

· Dedicated scheduling assignment. The Node B sends the scheduling assignment only to selected UE(s) to avoid increase in signalling overhead. For example, if a shared code channel like HS-SCCH is utilized (we may call it E-SCCH), the UE ID as well as the UE pointer could be included in the scheduling assignment signalling. The UE ID can be signalled either explicitly or implicitly in a similar way as done in HS-SCCH, i.e., UE specific CRC.
· Common scheduling assignment. It is introduced to command all UEs to adjust the allowed data rate to a certain value while avoiding large signalling overhead due to dedicated signalling to all UEs. The common scheduling assignment should be explicitly distinguished from the dedicated scheduling assignment. 
· Time-and-rate scheduling can be supported by utilizing the common/dedicated scheduling assignment signalling. For example, we can assign higher priority to the dedicated scheduling assignment than the common scheduling assignment. That is, if the UE receives the dedicated scheduling assignment as well as the common scheduling assignment, it should follow the dedicated scheduling assignment. For example, the common scheduling assignment can command zero data rate to turn off E-DCH transmissions from all UEs except certain selected UEs. The Node B sends the dedicated scheduling assignments to those selected UEs. 
3.2. Signalling support on uplink

The following scheduling information should be signalled on uplink to achieve efficient utilization of the uplink resource in Node B controlled scheduling.

· Buffer status

· By receiving the buffer status report from each UE, the Node B can know how much data currently remains in the UE buffer.
· Buffer status reporting could also inform the Node B about the amount of data for each priority if E-DCH supports multiple priorities. This could help the Node B scheduler to decide either the rate grant or scheduling assignment command.
· Transmit power status

· The transmit power status information could be either DPCCH transmit power or available power margin. 

· If the Node B knows about the UE maximum allowed transmit power, the Node B would be able to estimate uplink channel condition as well as UE power margin. This information would help the Node B better utilize the uplink RoT resource.

The signalling overhead due to the scheduling information reporting should be minimized. In [1], we discuss about possible methods to reduce the signalling overhead while guaranteeing efficient scheduling.
3.3. Scheduling mechanism

Node B operation

· The Node B should make scheduling decisions by taking into account the scheduling information such as buffer status and transmit power status as well as the uplink RoT condition.

· The Node B scheduler may decide which UEs are allowed to jump up the allowed data rate by multiple steps. Then, the Node B sends the scheduling assignment signalling to those selected UEs. 
· If E-DCH supports multiple priorities, the buffer status reporting could provide the Node B with the priority information. Then, the Node B scheduler could take the priority information into account to decide either a rate grant or scheduling assignment command. For example, if there are too much data with higher priority waiting in the buffer of a certain UE whose current allowed data rate is relatively low, the Node B may send it a scheduling assignment for fast ramping up of the allowed data rate.

· The Node B may send the rate grant signalling to the UEs that are not given the scheduling assignment.
· If the Node B wants to allow E-DCH transmission only for the subset of UEs, it can send a common scheduling assignment indicating zero data rate. The Node B will also send the dedicated scheduling assignments indicating certain data rates to the selected UEs. Then, all UEs except the selected UEs will turn off transmission. 

· It is noted that the Node B could send the scheduling assignment to jump down the UE pointer by multiple steps. Such fast ramping down makes it possible for the Node B to quickly release the uplink resource for the UE that is currently transmitting but does not have any more data to transmit.

UE operation

· The UE should determine the allowed TFC subset by either the scheduling assignment signalling or the rate grant signalling. The UE will decide the E-DCH transport format by taking into account the allowed TFC subset, the available power, and the amount of data waiting in its buffer.

· The UE should first monitor the scheduling assignment signalling. If the scheduling assignment allocated to it is detected, it should set the UE pointer according to the scheduling assignment. 

· The UEs, which were not given the scheduling assignment, should adjust the UE pointer according to the rate grant signalling. 

· The UE may transmit the buffer status report to the Node B upon occurrence of new data in its buffer. 
An illustration of the scheduling mechanism is shown in Figure 1. In Figure 1, it is assumed that there are three HARQ processes and the scheduling is done per process basis. It is noted that Figure 1 aims to illustrate the proposed concept and the exact timing relationship for the L1 signalling and E-DCH transmission is FFS. ‘U’, ‘K’, and ‘D’ denote ‘up’, ‘keep’, and ‘down’, respectively. 
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Figure 1: Example operation of the Node B controlled scheduling

At t3, the UE increases data rate to 48 kbps from 32 kbps upon receiving rate grant ‘up’. At t3, it sends the buffer status as new data occurs in its buffer. At t7, the UE sets the data rate as 480 kbps according to the scheduling assignment. After that, the UE adjusts the data rate according to the rate grant. Finally, at t11, the UE stops transmission as it has received the scheduling assignment indicating zero data rate. 

4. Conclusions
In this contribution, we discussed about the general requirements on Node B controlled scheduling and described the signalling support and the scheduling mechanism to satisfy the requirements. 
We propose that the structure discussed in this contribution will be a basis for further studying for the Node B controlled scheduling and be captured in the WI TR 25.808.
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