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1. Introduction

In the past, several different scheduling strategies for the E-DCH have been proposed, some of which are already captured in [1]. Scheduling can be described as providing the network, in this case the Node B, with influence on the TFC selection algorithm in the UE. Hence, the scheduling schemes proposed in the past have a lot in common and mainly differs with respect to the signaling.

This contribution is an attempt to describe a framework, common to all scheduling schemes, suitable for inclusion in the TR and highlighting the similarities between different scheduling proposals. A brief outline on how different scheduling schemes can be described as TFC control is also provided. 

2. Scheduling

--- Begin Text Proposal ---

7
Overview of Techniques considered to support Enhanced Uplink

7.1
Scheduling <NodeB controlled scheduling, AMC>



The term “Node B 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. 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 exist:

· Rate scheduling, where all uplink transmission occur in parallel but at a low enough rate such that the desired noise rise at the Node B is not exceeded.

· Time 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.

The usage of either rate or time scheduling is of course restricted by available power as the E-DCH will have to co-exist with a mix of other transmissions by that UE and other UEs in the uplink. A hybrid of these two approaches is also possible, where different proposals will tend to favor one or other of the fundamental approaches.
The scheduling schemes can all be viewed as management of the TFC selection in the UE and mainly differs in how the Node B can influence this process and the associated signaling requirements. Hence, this section aims at describing the commonalities among the scheduling schemes.

The set of TFCs from which the UE may choose a suitable TFC is denoted “UE allowed TFC subset” in the following. The UE selects a suitable TFC from the “UE allowed TFC subset” employing the Rel5 TFC selection algorithm (or modifications thereof if applicable). Any TFC in the UE allowed subset might be selected by the UE, provided there is (1) sufficient power margin, (2) sufficient data available, (3) TFC is not in the blocked state. The UE allowed TFC subset relates to the TFCS and minimum set defined in Rel5 as

· “TFCS”. This is identical to the TFCS in Rel5 and is the set of all possible TFCs as configured by the RNC.

· “UE allowed TFC subset”. The TFC selection algorithm in the UE selects a TFC from the “UE allowed subset”. Note that the “UE allowed TFC subset” is equal to or a subset of the TFCS and, at the same time, equal to or a superset of the minimum set, i.e..  “Minimum set” ( “UE allowed TFC subset” ( “TFCS”.

· “Minimum set”. This is identical to the minimum set in Rel5 as specified in [15]. The UE can always select a TFC from the minimum set as TFCs in the minimum set never can be in blocked state.

In Figure 1, the different (sub)sets are illustrated. Setting the “UE allowed TFC subset” equal to the TFCS would result in behavior identical to Rel5. Furthermore, note that the smallest possible “UE allowed TFC subset” may be larger than the minimum set, i.e., “UE allowed TFC subset” ( “minimum set”. 
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Figure 1: Illustration of different sets of TFCs.

The ideas behind the ”UE allowed TFC subset” are similar to the transport format combination control specified in [15], which allows the RNC to control the allowed uplink transport formats by specifying a "TFC subset" along with an optional duration under which the “TFC subset” is valid. Node B scheduling can be viewed as providing the Node B with similar tools, but allowing for faster adaptation to interference variations. The interaction between RNC TFC control and Node B TFC control is FFS, although a preferable solution is to require the UE not to choose a TFC outside any of these restrictions. 

The main difference between scheduling strategies is how updates to the “UE allowed TFC subset” are controlled. In principle, an update needs to specify

· The new “UE allowed TFC subset”

· The start time and the duration for which the update is valid

· The “UE allowed subset” to use when the scheduling period has expired.

This information can either be signaled, deduced from rules mandated in the specifications, or combinations thereof. The main difference between different scheduling approaches therefore lies in the signaling and the rules associated with the signaling. For example, simplistic implementations of rate scheduling and time scheduling could be as follows: 

· Rate scheduling results if the “UE allowed TFC subset” of different UEs are updated such that data transmission from different UEs may overlap in time, regardless of the data rates used. The new “UE allowed TFC subset” is valid until the next time it is updated.

· Time scheduling results if the “UE allowed TFC subset” of different UEs are updated synchronously such that only a small set of the UEs have the possibility to transmit using TFCs outside the minimum set.  The updated “UE allowed TFC subset” have a relatively short validity, typically in the order of milliseconds, where after the “UE allowed TFC subset” reverts to the situation prior to the scheduling interval. 

Depending on the scheduling scheme, the signaling may take different forms. Typically, both downlink and uplink signaling is required.

Downlink signaling is required to command the UE to update the “UE allowed TFC subset”. The start time and the duration for which the update is valid may either be signaled explicitly or deduced from rules mandated in the specifications. The signaling can either be dedicated for a certain UE, or common for several UEs. Furthermore, the signaling can either be absolute, i.e., directly specify the “UE allowed TFC subset”, or relative, i.e., specify the new “UE allowed TFC subset” as an update of the previous subset. The former typically allows for more rapid changes to the “UE allowed TFC subset”, while the latter may imply less signaling overhead in the downlink direction.

In the uplink, signaling is typically required to indicate to the Node B that the UE has data to transmit. Additional information may be provided to the Node B, e.g., the amount of data, an indication of the power availability in the UE, channel quality etc.
--- End text Proposal ---

3. Scheduling strategies

Several scheduling schemes have already been proposed in RAN1 and incorporated in the TR. In this section, an attempt is made to briefly describe all of them within the framework in Section 2 in order to ease the understanding. The description is written in the form of a text proposal for the TR. 

--- Begin Text Proposal ---

7.1.x

Brief Overview of Different Scheduling Strategies 

The purpose of this subsection is to provide a brief overview of the different scheduling strategies currently listed in the TR to simplify the understanding and highlight similarities between different proposals.

7.1.x.1
Node B Controlled Rate Scheduling by Fast TFCS Restriction Control

The basic mechanism used in this approach allows the Node B to expand/reduce the “UE allowed TFC subset” e.g. one step at a time by up/down commands sent on the downlink from the Node B. The update is valid until the next update received from the Node B. Transmissions from different UEs may overlap in time.

7.1.x.2
Node B Controlled Time and Rate Scheduling
The basic mechanism used in this approach allows the Node B to update the “UE allowed TFC subset” to any allowed value through explicit signaling specifying the new “UE allowed TFC subset”, the start time and the validity period. The validity period is short, in the order of milliseconds, where after the “UE allowed TFC subset” reverts to the value prior to the scheduling period. Updates of the “UE allowed TFC subsets” for different UEs are coordinated by the Node B in order to avoid transmissions from multiple UEs overlapping in time to the extent possible.

--- End text Proposal ---

4. Conclusion

It is recommended that the text proposal is included in the TR. Furthermore, it is suggested to describe any proposed scheduling strategy within the proposed framework whenever possible.

5. References

[1] TR 25.896 v1.0.0, “Feasibility Study for Enhanced Uplink for UTRA FDD”
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