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1. Introduction

The term “Node B controlled scheduling” denotes the possibility for the Node B to control, within the limits set by the RNC, the set of TFCs from which the UE may choose a suitable TFC. By providing the Node B with the possibility to influence the UE TFC selection procedure, tighter and more rapid control of the interference is possible, which can be used to support higher end-user data rates and to increase the capacity in the cell.

During the study item phase, two fundamental approaches to scheduling were identified:

· Rate scheduling, where all UEs that have data to send transmit in parallel but at a low enough rate 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 at data rates such that the total noise rise at the Node B is not exceeded.

Hybrids of the two schemes are possible, where different control signal proposals tend to favor one or the other of the approaches.

The necessary downlink signaling can be dedicated, i.e., different control information can be transmitted to different UEs, common, i.e., the same control information is transmitted to all UEs, or combinations of the two.

It should also be noted that, regardless of the scheduling mechanism, there will always be a certain load that is not controllable by the Node B scheduling mechanism. For example, UEs from previous releases not supporting Node B controlled scheduling, lower layer control signaling, and services, e.g., voice, not using scheduling.

The following contribution aims at outlining the requirements on the scheduling scheme and to propose a possible scheduling structure to be used for the E-DCH.

2. Requirements

The scheduling signaling scheme selected for the E-DCH should ideally fulfill the following requirements:

· “Immediate” access for the UE to the available uplink capacity. Packet data applications are typically bursty in nature with large variations in their resource requirements. Any request/grant phase, if used, must be very fast in order not to unnecessarily degrade application or to negatively interact with higher layer protocols such as TCP. It is preferable to design a concept that, in low load conditions, allows for the possibility for a user to immediately utilize the full uplink capacity.

· Allow for rapid reaction on interference variations. One of the targets with Node B controlled scheduling is to improve the radio resource utilization. The more unpredictable the interference variations in the cell are and the slower the scheduling mechanism is able to respond, the larger the interference margins have to be and the less the efficiency in the radio resource utilization.

· Not be limited to rate scheduling only. Both rate scheduling and time-and-rate scheduling were considered in the study item phase. Rate scheduling may be preferable in large cell scenarios when one or a few UEs alone cannot use all the available interference headroom. However, in order to handle also small cells with high data loads and to provide the necessary tools to handle future deployment scenarios, it is preferable if the signaling scheme selected can support both rate scheduling and time-and-rate scheduling in a simple and straightforward manner.

Additionally, interaction with hybrid ARQ and operation in soft handover need to be considered. In relation to hybrid ARQ, the retransmissions may either be scheduled or transmitted autonomously of the scheduling decisions. As the Node B is controlling the transmissions of ACK/NAK, it has some knowledge of the interference a retransmission will cause and non-scheduled retransmissions may be preferable. Operation in soft handover should at least take into account that the UE may be in soft handover even if only a single Node B is responsible for the scheduling commands. Finally, it is desirable to avoid multiple, different scheduling schemes unless there is a clear benefit of supporting several schemes.

3. Flexible Load Control

From an application performance point of view, it is beneficial to, whenever possible, allow the UE to immediately start transmitting at high data rates without a prior, potentially time-consuming, request-grant phase. This ensures a rapid ramp-up of the data rate and the possibility for efficient usage of the uplink resources, especially for bursty applications at low system loads. To ensure that the cell is not overloaded, a load control system that enables a gradual shift towards a rate and/or time control is needed when the load in the cell increases. By including a possibility to indicate the current UL load to UEs in the cell and by designing rules on how the UE is to react to such an indication, the maximum load is not exceeded.

To ensure that the cell is not overloaded, a possibility is to indicate the current UL load to UEs in the cell and rules how to enter the system such that the maximum load is not exceeded are required. One possibility is the use of a “busy indicator” to indicate whether the cell is fully loaded or not, in combination with an indication of the maximum resource a UE is allowed to consume in the uplink. If the busy indicator is not set, a UE may use resources up to the maximum resource indication transmitted by the cell. On the other hand, if the busy indicator is set, the cell is fully loaded and a UE is not allowed to start transmitting using resources higher than a lower resource limit. UEs that are transmitting at the time the busy indicator is set are allowed to continue transmitting, but must obey the maximum resource indicator.

The maximum resource limit could be expressed in several different ways, e.g., which TFCs the UE are allowed to use or the maximum DPDCH/DPCCH power offset that is allowed. Expressing the resource limit in terms of the DPDCH/DPCCH power ratio seems preferable as it is simple and avoids potential complications if UEs with different TFCS configurations are to be jointly scheduled. The TFC selection algorithm in the UE can take the DPDCH/DPCCH power limit into account when selecting the transport formats and ensure that services not to be scheduled are treated appropriately, e.g., by not “blocking” TFCs used for these services. The maximum resource indicator can be transmitted to the UEs using either broadcast signaling or dedicated signaling originating in the Node B. Note that, since the maximum resource indicator is explicitly signaled, it is possible to rapidly adjust the allowable data rates. A minimum resource indicator, if used, can either be conveyed in a similar fashion, set by higher layer signaling, or the TFC minimum set can be used as an implicit indication of the lower resource limit a UE always may use.

The structure outlined above has been described in a rate-scheduling scenario. Rate scheduling is sufficient for many scenarios, although there are scenarios in which time-and-rate scheduling provides additional benefits. Time-and-rate scheduling can be straightforwardly supported in the above structure if the busy indicator is extended to carry the identity (c.f., H-RNTI) of the scheduled user. All UEs not receiving their own identity will consider the system as busy and not transmit using more resources than the above mentioned minimum limit, while UEs seeing their own identity transmitted from the Node B may use resources up to the maximum resource limit as discussed above.

The mechanisms outlined above allow UEs to rapidly use high data rates and provides mechanisms to limit the cell load. To allow for a new UE to request resources when the busy indicator is set or when other users are scheduled, an uplink request signal is useful. The network can respond to the request signal in different ways, e.g., by lowering the amount of resources a UE may use through the maximum resource limit signal discussed above and temporarily lower the busy indicator to let a new user into the system. Note that this is only necessary in loaded scenarios, which alleviates the interference generated from the request signal. The request signal can take several forms. One possibility is a simple indicator, indicating that the UE can benefit from a more uplink resources, or more explicit reports including UE buffer status, power situation, etc if the cost in terms of transmission power is found reasonable.

Operation in soft handover needs to be considered. Several possibilities exist. One possibility is to set an upper limit on the resources a UE may use in soft handover situations. Alternatively the UE can monitor the maximum resource limitation and busy indicators in the neighboring cells and combine them into a single resource limitation to obey. A third possibility is to scale the resource limitation with an estimate of the relative gain to neighboring cells, e.g., by measuring the CPICH strength, such that the stronger the neighboring CPICH is, the lower the maximum resources the UE may use.
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Figure 1: Illustration of the busy indicator operation. Note that the timing has been simplified in the figure. The numbered examples in the figure correspond to: 1) Low load situation. The cell is not busy when data arrives to UE1, which can start to transmit immediately. Node B sets the busy indicator to prevent other users start to transmit (at high data rates). 2) UE1 is active and uses the whole cell capacity. The busy indicator is set. UE2 sends a request signal when data arrives, but is not allowed to transmit as the busy indicator is set. When UE1 is finished, the Node B has lowered the busy indicator to allow UE2 to start transmitting. 3) The Node B responds to the request signal from UE3 by reducing (max and temporarily lowering the busy indicator. UE2 and UE3 transmit in parallel. 4) The Node B transmits “2” to stop UE1 transmission and start UE2 transmission (time scheduling). The decision to go for time scheduling could, for example, be based on requests received from multiple UEs (high load). 
3.1. Signaling Requirements

The control signaling required to support a flexible scheduling scheme such as the one outlined above can be summarized as: 

· Downlink

· The maximum amount of resources a UE may use, (max, preferable expressed in terms of the maximum DPDCH/DPCCH power ratio the UE may use. This information can be taken into account by the TFC selection algorithm such that the UE blocks some of the TFCs in the TFCS.

· Information when to transmit. One simple possibility was outline above, where the use of a busy indicator, preferably extended from busy/not busy to carry UE identities as well, in conjunction with a simple rules informs the UE whether it is allowed to transmit using the maximum resources indicated by the Node B or whether it only is allowed to transmit using the minimum amount of resources.

· Uplink

· Resource request, indicating to the Node B that the UE is requesting additional uplink resources.

4. Conclusions

Requirements on the scheduling schemes have been discussed and a possible scheme fulfilling these requirements has been outlined. It is recommended to take these as a basis for the Node B controlled scheduling scheme and captured them the TR [2].

5. References

[1] 3GPP TR 25.896, “Feasibility Study for Enhanced Uplink for UTRA FDD”

[2] 3GPP TR 25.808, “FDD Enhanced Uplink: Physical Layer Aspects”
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