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1. Introduction
There are two types of scheduling methods included in TR 25.896 so far.

· Rate scheduling: The Node B controls the allowed TFCs that the UE can use, by sending the rate grant signalling. The UE can send the rate request signalling to ask the Node B to change the set of the allowed TFCs.

· Time and rate scheduling: The Node B sends the scheduling assignment to the scheduled UEs to indicate the allowed transmission time as well as the set of the allowed TFCs. The UE sends its buffer and power status to the Node B.

During RAN1#33 meeting in New York, there were discussions about pros and cons of the two scheduling methods [1,2,3]. 

In this contribution, we revisit the issues and propose a possible scheme to improve the performance of the Node B controlled scheduling. 

2. Discussion on Node B controlled scheduling

The following observations are made on the scheduling methods currently available in the TR.

Observations on the rate scheduling:

· Step-wise rate adjustment by using the rate grant signalling can prevent a sudden increase of RoT.

· If a large amount of data occurs in the UE buffer abruptly while transmitting at low data rate, the step-wise rate increase will result in long ramp up time to reach the required data rate even though the uplink load is very low. The ramp up time may be significant portion of the total transmission time depending on how much and how frequently data occurs in the UE buffer.

Observations on the 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. 

· If a large amount of data occurs in the UE buffer abruptly while transmitting at low data rate, the explicit signalling of the allowed TFC subset can reduce the latency in increasing the data rate.

· Overhead due to the downlink signalling of the scheduling assignment may not be justified while transmitting at a certain stable data rate or commanding only the step-wise change of the data rate.

3. Node B controlled rate scheduling with fast ramping

The observations in the previous section motivate the need for studying a possible method that can reduce the latency in adjusting the data rate in appropriate conditions and further improve the efficiency of the uplink resource utilization, while keeping the system stable. To achieve this goal, the followings are proposed.

Node B operation

· The Node B scheduler may decide which UEs are allowed to jump up the allowed data rate (or equivalently the UE pointer indicating the set of the allowed TFCs) by multiple steps, by taking into account the scheduling information such as buffer occupancy and transmit power status as well as the uplink RoT condition. Then, the Node B sends the scheduling assignment signalling to those selected UEs. The UE ID may be signalled either explicitly or implicitly (UE specific CRC). It is noted that UE maximum power capability along with the transmit power status can be used for determining the allowed TFC subset.

· The Node B may send the rate grant signalling to the other UEs that are not commanded to jump up the UE pointer by multiple steps. The rate grant signalling commands up, down, or keep of the UE pointer to enable the step-wise control on the allowed TFC subset.

· It is noted that the Node B could send the scheduling assignment to some UEs 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, which is currently transmitting but does not have any more data to transmit.

UE operation

· The UE should first monitor the scheduling assignment signalling. If the scheduling assignment for the UE is detected, the UE 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 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 may transmit the scheduling information update upon occurrence of new data in its buffer in order to ask Node B to allow it jumping up the UE pointer by multiple steps. With the scheduling information update, the UE can provide the Node B with its buffer occupancy and transmit power status. Detailed method for signalling of the scheduling information update is FFS and is further discussed in [4].

An illustration of the proposed scheduling operation is shown in Figure 1.
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Figure 1. Example operation of the Node B controlled rate scheduling with fast ramping

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.

The required L1 signalling is summarized as follows:

Downlink signalling

· Scheduling assignment: With the scheduling assignment, the Node B can explicitly set the allowed TFC subset. For example, if a common channel like HS-SCCH is utilized, the UE ID as well as the UE pointer would be included in the scheduling assignment signalling. The UE ID is signalled either explicitly or implicitly (e.g., UE specific CRC). The UE pointer explicitly indicates the allowed TFC subset.

· Rate grant: The rate grant commands up/keep/down of the UE pointer. 

Uplink signalling

· Scheduling information update: With the scheduling information update, the UE can provide the Node B with its buffer occupancy and transmit power status.

The physical channel structure to support the required L1 signalling is FFS.

4. Conclusion

In this contribution, we have proposed the Node B controlled rate scheduling with fast ramping. 

The Node B controlled rate scheduling with fast ramping may have several advantages such as 

· Reduced latency in rate adjustment and more efficient utilization of the uplink resource, while keeping the system stable. 

· Reduced downlink signalling overhead through use of the step-wise adjustment of the allowed TFC subset while transmitting at certain stable data rates.

It is proposed to include the following text proposal into the TR 25.896 section 7.1.2A.

---------------- Start of Text Proposal for TR25.896 section 7.1.2A ---------------------------------- 

7.1.2A
Node B controlled rate scheduling with fast ramping

7.1.2A.1. Purpose and General Assumptions

In the current Rel-99/4/5 specifications, the RNC is responsible for TFCS configuration and the UE can autonomously transmit the data with the transport format within the TFCS by relying on the TFC selection mechanism. Due to the communication delay between the RNC and the Node B, the uplink scheduling in the RNC is not able to respond to the fast change in the uplink load.

The Node B controlled uplink scheduling is able to provide better control to uplink noise rise and to utilize the uplink resource more efficiently. 

Step-wise rate adjustment by using the differential rate grant signalling can have benefit of preventing a sudden increase of the noise rise. However, if a large amount of data occurs in the UE buffer abruptly while transmitting at low data rate, the step-wise rate increase will result in long ramp up time to reach the required data rate even though the uplink load is very low. The ramp up time may be significant portion of the total transmission time depending on how much and how frequently data occurs in the UE buffer.

On the other hand, explicit signalling of the set of the allowed TFCs to the scheduled UEs can be necessary for more efficient utilization of the uplink resource. The explicit signalling of the allowed TFC subset can allow fast ramp up of the data rate. Hence, it can reduce the latency in data rate control.

The purpose of the Node B controlled rate scheduling with fast ramping is to reduce the latency in adjusting the allowed TFC subset (or data rate) in appropriate conditions and further improve the efficiency of the uplink resource utilization, while keeping the system stable.

7.1.2A.2. General Principle

The basic principle of the technique is to enable Node B control of the allowed TFC subset by means of the step-wise adjustment as well as the explicit indication of the allowed TFC subset through fast L1 signalling. The difference to the existing Rel-99/4/5 system from the UE point of view is that there would be additional L1 control over its TFC selection. In the UTRAN side, the uplink scheduling by means of the control of the allowed TFCs is introduced in the Node B. 

7.1.2A.3. Controlling the allowed TFCs in a TFCS with fast ramping

In the subsequent sections, a new mechanism for the scheduling technique and related L1 signalling is introduced. The purpose is to enable the Node B to have a control over the set of TFCs that the UE is allowed to transmit by means of the step-wise adjustment as well as the explicit indication. The set of the allowed TFCs can be defined by the UE pointer, e.g., as shown in Figure 7.1.1, in which the TFCs in a TFCS are ordered in descending order (with respect to the power required) starting from TFC0.

The Node B scheduler may decide which UEs will be commanded to adjust the UE pointer by multiple steps, by taking into account the scheduling information such as buffer occupancy and transmit power status of the UE as well as the uplink RoT condition. Then, the Node B sends the scheduling assignment signalling to those selected UEs in order to explicitly indicate the allowed set of TFCs (or equivalently the UE pointer). It is noted that UE maximum power capability along with the transmit power status can be used for determining the allowed TFC subset.

The Node B may send the rate grant signalling to the other UEs that are not commanded to adjust the UE pointer by multiple steps. The rate grant signalling commands up, down, or keep of the UE pointer to enable the step-wise control on the set of allowed TFCs.

The UE should first monitor the scheduling assignment signalling. If the scheduling assignment for the UE is detected, the UE should set the UE pointer according to the scheduling assignment. Otherwise, the UE pointer should be adjusted according to 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 may transmit the scheduling information update upon occurrence of new data in its buffer in order to ask the Node B to allow it jumping up the UE pointer by multiple steps. With the scheduling information update, the UE can provide the Node B with its buffer occupancy and transmit power status. 

The Node B control over the allowed TFC subset should not restrict the use of the TFCs in the certain TFC set guaranteed to be available for UE’s TFC selection mechanism at all times.

The Node B controlled rate scheduling with fast ramping may have several advantages such as reduced latency in rate control and more efficient utilization of the uplink resource, while keeping the system stable. Downlink signalling overhead can be reduced through use of the step-wise adjustment of the allowed TFC subset while transmitting at certain stable data rates.

7.1.2A.4. Issues requiring further study

It is FFS how the method should work in soft handover.

It is FFS how to minimize the number of scheduling information update message transmissions.

It is also FFS to verify the impacts of L1 signalling errors and the possible mitigation techniques.

7.1.2A.5. Signalling to support Node B controlled rate scheduling with fast ramping

7.1.2A.5.1
L1 signalling

Three new L1 signalling messages are introduced in order to enable the Node B controlled rate scheduling with fast ramping.

· Scheduling assignment, sent in the downlink by the Node B to the UE. With the scheduling assignment, the Node B can explicitly set the allowed TFC subset.

· Rate grant, sent in the downlink by the Node B to the UE. With the rate grant, the Node B can command the step-wise adjustment of the allowed TFC subset, e.g., up/keep/down of the UE pointer.

· Scheduling information update, sent in the uplink by the UE to the Node B. With the scheduling information update, the UE can provide the Node B with its buffer occupancy and transmit power status.

7.1.2A.5.2
RRC signalling

Editor's Note: This chapter is to be defined later.

7.1.2A.5.3
Iub/Iur signalling

Editor's Note: This chapter is to be defined later.

----------------- End of Text Proposal for TR25.896 --------------------- 
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