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1. Introduction

The recent discussions in RAN2 SI "Long Term Evolution" already tackled some important topics that will significantly influence the performance of the OFDM-based air interface. The purpose of this paper is to assess the present situation for the scheduling and resource allocation for control channels in downlink. It furthermore concludes on a proposal for the most important requirements for the downlink scheduling of control channels.

2. Problem Assessment

No matter which information shall be sent in downlink direction, the performance of the radio interface depends on the effective usage of the radio resources. Huge effort is spent on finding the optimum resource allocation for downlink user data. To announce the transmission parameters selected by the transmitter (e.g. which resource block/OFDM symbols, which modulation scheme etc.) to the receiver, the corresponding information must be placed into the radio resources as well. Among others, this announcement information is according to the current TR 25.813 V0.1.0 [1] transported in the Downlink Shared Channel, DL-SCH. In the following description this announcement information channel is called "Feedforward Channel". The function of this Feedforward Channel is similar to the former HS-SCCH.

In a straightforward design the feedforward information would be sent on frequency diverse radio resources. To ensure that all active UEs can receive the Feedforward Channel correctly, the modulation and coding scheme must be very robust. Additionally the power allocated to the Feedforward Channel is understandably rather high.

On the other hand, for the user data, the scheduler should be able to allocate resources according to their expected quality during transmission [2]. This ensures efficient resource usage for the user plane.

The following proposal shows a principle according to which it will be possible to have the same efficiency for the Feedforward Channel.

3. Scheduling Principle for Control Channels

As not all users have the same mobility, the resulting experienced radio channel quality may be very different among the UEs. Slow moving UEs can be assumed to experience a low variation of their radio channel quality over time. Thus, the faster a UE moves, the higher the variation of the radio channel quality will be. For the scheduling decision it is evident that the radio channel quality evaluated and reported by a UE is available with low latency in the E-Node B.

In principle this results in two basic scheduling modes: frequency diverse scheduling for fast moving UEs and frequency selective scheduling for slow or stationary UEs.

Taking this assumption as a basis, the Feedforward Channel can be operated by the same principle:

By splitting the Feedforward Channel into a frequency diverse part and a frequency selective part, the information that needs to be spread over the frequency resources can be minimised, while the expected quality of the frequency selective Feedforward Channel then can be located on radio resources with better quality that are thus better performing result in much higher efficiency.

A minimum information about the location of the frequency selective Feedforward Channel is always sent on a frequency diverse resource. An active UE thus always receives the frequency diverse Feedforward Channel on very few radio resources, to listen for its identification. As soon as the UE detects its identification in the frequency diverse Feedforward Channel, it additionally gets the position of the frequency selective Feedforward Channel. On this frequency selective Feedforward Channel, it will not be necessary to repeat the identification of the UE. Instead only the information about the presence and location of user data in the downlink is included. By decoding the frequency selective Feedforward Channel, the UE now knows which and how the radio resources were used for the downlink user data. This principle is depicted in Figure 1.
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Figure 1: Example of the Feedforward Channel

Note that the figure shows the general structure and contents of subframes in different cases A,B and C. It does not refer to any timely behaviour.

The implications of the different scheduling principles for the Feedforward Channel to the feedback reporting and the resource allocation are summarised in the following table:

Mobility
Control Channel Scheduling
Frequency Diverse Feedforward Channel Contents
Frequency Selective Feedforward Channel Contents
Resource Allocation, RA



Low/
Medium
Frequency
selective
Indication of the frequency selective used radio resources for the frequency selective Feedforward Channel
Indication of the frequency selective used radio resources for the downlink user data
Predefined frequency diverse resources are used for the feedforward information. RA for the frequency selective Feedforward Channel can be performed for a number of resources according to their channel quality.

High
Frequency
diverse
a) Direct indication of the frequency diverse used radio resources for the user data or

b) Indication of additional frequency diverse used radio resources for the Feedforward Channel
Not present
a) Only the predefined frequency diverse resources are used for the feedforward information.

b) The frequency diverse part of the Feedforward Channel is located in predefined resources. A subset of predefined frequency diverse resources is allocated for the additional frequency diverse Feedforward Channel.

Table 1: Mobility dependent Feedback Reporting and Resource Allocation

Resources for the control channels:

For the frequency selective control channels, only a few combinations of radio resources may be predefined to keep the signalling effort in the frequency diverse control channel as low as possible.

4. Advantages

The big advantage is that on the one hand the efficiency of the Feedforward Channel is drastically increased, while on the other hand there is a much higher flexibility for signalling of even the finest granularity of resources used for user data in the downlink transmission.

5. Dependencies with RAN1 Specifications

The efficient operation of control channel scheduling depends on the overall definition of resources and their granularity in RAN1. As the resources will on the other hand be structured according to the needs of the requirements defined by RAN2, the proposal is to agree on the necessity for scheduled control channels within RAN2 and to ask for assistance of resource definition accordingly in RAN1.

It is proposed to align the activities for the definition of the resource granularity for the different applications in interference mitigation, feedback reporting, scheduling of user data, scheduling of control channels and resource allocation.

6. Conclusion

This paper has outlined the advantages of an efficient scheduling process for the control channels such as e.g. the Feedforward Channel, that is aligned with the feedback channel and the resource allocation to ensure optimum performance of the OFDM air interface.

In summary:

It is proposed to add the following text into section 7 of TR 25.813:

Scheduling of Control Channels

Two basic operation modes for the scheduling of control channels are supported:

· Frequency selective scheduling and
· Frequency diverse scheduling
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