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1. Introduction
In this contribution, we discuss about the signalling support fulfilling the requirements of the Node B controlled scheduling discussed in [2]. The behaviours of the UE and the Node B are also described.
2. Signalling support on downlink
The Node B makes its scheduling decision every TTI and the downlink signalling to support scheduling can be transmitted per TTI. 
Following downlink control signalling is defined. 
· Scheduling assignment

· Consists of

· Identity corresponding to either
· A UE ID or
· A special ID indicating that the absolute scheduling grant is common for all UEs, which may be denoted as COMMON_SCH
· Scheduling grant indicating the absolute value of the UE pointer, which defines the allowed set of TFCs, or equivalently the maximum allowed data rate.
· Indication whether the scheduling grant is valid for a single or all HARQ processes.
· If the grant is valid for all HARQ processes, the grant is applied from the first new packet transmission for each HARQ process after the indication is set.

· Transmitted on a common resource. It is preferable to send the scheduling assignment on a shared code channel, which may be denoted as E-SCCH. 
· There can be multiple E-SCCHs transmitted from a single Node B. The RNC informs the UE about the set of E-SCCHs, which should be monitored. 
· The content of the scheduling assignment is accompanied by the CRC, which is masked by the identity in a similar way to HS-SCCH. 

· The Node B is allowed to send the scheduling assignment only to the UEs to which it acts as the primary Node B.
· Rate control command

· The rate control command is specific to each UE and is transmitted on a dedicated resource. It is FFS which channel should be used to transmit the rate control command.

· The rate control commands from the primary Node B indicate one step up/down or keep of the UE pointer.

· If the UE is in soft handover, the rate control commands from the non-primary Node B indicate “don’t care” or down.

· A non-primary Node B would send “don’t care” if it has enough RoT margin so that any change in the data rate of the interested UE can be accommodated.

· A non-primary Node B would send “down” if the amount of RoT occupied by the interested UE should be reduced.

3. Signalling support on uplink

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

· Buffer status

· Denotes how much data currently remains in the UE buffer.
· Could also inform the Node B about the amount of data for each priority if E-DCH supports multiple priorities. 

· Transmit power status

· Could be either DPCCH transmit power or available power margin. 

· If the Node B knows about the UE maximum allowed transmit power set by the RNC, the Node B would be able to estimate the uplink channel condition as well as the 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.
4. UE and Node B behaviour
UE operation

· Overall operation
· The UE should monitor the scheduling assignment as well as the rate control command. 
· The UE should adjust the allowed set of TFCs according to either the scheduling assignment or the rate control command as follows:
· The UE with identity k should first check the identity (ID) of the scheduling assignment. 

· If either ID = k or ID = COMMON_SCH is detected

· The UE may transmit any TFC within the set allowed by the scheduling grant.

· Else if both of ID = k and ID = COMMON_SCH is detected

· The UE may transmit any TFC within the set allowed by the scheduling grant of the dedicated scheduling assignment with ID = k; the dedicated scheduling assignment is prioritized over the common scheduling assignment.

· Else (the UE detects no scheduling assignment)

· The UE may transmit any TFC within the set adjusted according to the rate control command. 

· The allowed set of TFCs is valid until a new scheduling command is received.

· The scheduling assignment, if received, is prioritized over the rate control command.

· The UE may transmit the buffer status upon occurrence of the new data in its buffer. The transmit power status is reported periodically to the Node B when there is data in the UE buffer.

· UE scheduling operation in relation with hybrid ARQ

· If the UE receives ACK 
· The UE should monitor the scheduling command and adjust the allowed set of TFCs accordingly. The scheduling command is applied per HARQ process.
· Else (the UE receives NACK)

· The UE shall estimate the power required for support of DCH as well as E-DCH retransmission.

· The UE should transmit the retransmission with applying the same power offset for E-DPDCH as the initial transmission if the required transmit power margin is available. Otherwise, the UE should decrease the E-DPDCH power offset to meet the available transmit power margin. 
· Operation when the UE is in soft handover

· The UE should monitor the scheduling assignment sent only from the primary scheduling Node B. The UE may receive the rate control commands from the non-primary Node B(s) as well as the primary Node B. The UE is informed by a higher layer signalling whether the scheduling command from the primary Node B is prioritized over the rate control commands from the non-primary Node Bs. 
· If the primary Node B’s scheduling command is prioritized

· The UE checks the scheduling assignment and the rate control command only from the primary Node B and adjust the allowed set of TFCs according to them.

· Else (the non-primary Node B’s rate control command is prioritized)
· The UE first checks the rate control commands from the non-primary Node B(s). 
· If there are multiple non-primary Node Bs, the UE combines the rate control commands from them into a single one by, e.g., choosing the worst one or applying weighting factor (determined by the network) to each one. Exact combining algorithm is FFS. 

· If the combined rate control command from the non-primary Node B(s) is down 
· The UE decreases the allowed set of TFCs by one step.
· Else (the combined rate control command from the non-primary Node B(s) is “don’t care”)

· The UE adjusts the allowed set of TFCs according to the primary Node B’s scheduling command.

Node B operation

· The Node B scheduler may decide which UEs are allowed to jump up the UE pointer by multiple steps and sends the scheduling assignment to those selected UEs. 
· The Node B may send the rate control commands to the UEs that are not given the scheduling assignment.
· If the Node B wants to allow E-DCH transmission only for a subset of UEs, it can send a common scheduling assignment allowing only minimum set transmission while sending the dedicated scheduling assignments to the selected UEs, which allows non-minimum set transmission. 
· All UEs except the selected UEs are allowed to transmit only minimum set. 

· 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.

Example

An illustration of the scheduling mechanism is shown in Figure 1. In Figure 1, there are three HARQ processes and the scheduling command is applied per process. It is assumed that the UE never meets the power shortage situation. For simplicity, only one HARQ process is shown. It is noted that Figure 1 aims to illustrate the proposed scheme conceptually 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

When the Node B sends NACK to a UE, it sends the UE neither the rate control command nor the scheduling assignment. When the UE receives no scheduling assignment, it adjusts the allowed data rate according to the rate control command. For example, at t3, the UE increases data rate to 240 kbps from 160 kbps upon receiving the rate control command ‘up’. At t4, the UE transmits the retransmission with applying the same E-DPDCH power offset upon receiving NACK.

At t3, the UE reports the buffer status as new data occurs in its buffer. 
At t7, the UE sets the data rate as 1 Mbps according to the scheduling assignment. After that, the UE adjusts the data rate according to the rate control command. Finally, at t11, the Node B sends the UE a scheduling assignment allowing only minimum set transmission. 

To help the Node B to estimate the uplink channel condition as well as the available power margin, the UE periodically reports the transmit power status to the Node B with period of TTPS when there is data waiting for transmission in its buffer.
5. Conclusions
We propose to capture the signalling support and the UE/Node B behaviour described in this contribution into the WI TR 25.808.
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