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Introduction

The recent discussions in RAN2 FS "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, the feedback and the correlation with resource allocation. It furthermore concludes on a proposal for the most important requirements for these functional parts.

Problem Assessment

Former contributions, especially those dealing with interference mitigation, partly already assumed that resources, i.e the OFDM subcarriers would be combined to certain predefined groups, often also referred to as e.g. "resource blocks" [2]. 

Apart from the technical reasons to form predefined resource groups, the possibility of dynamic resource allocation for the scheduling principle is of highest importance for the overall performance of the OFDM based air interface.

Within the frequency band, a number of contiguous OFDM subcarriers are located. Some of these subcarriers have predefined functions such as the OFDM reference signals [2] (formerly often also referred to as "pilots") or will be used for signalling and cell specific purpose. Such subcarriers cannot be used for any user data transmission and are thus normally precluded from the scheduler´s resource allocation.

The remaining OFDM subcarriers can be used by the scheduler inside the E-Node B for resource allocation to UEs. 

Such resource allocation principles were already previously subdivided into "localised" or "distributed" resource allocation schemes [3], [4], [5].

The allocation of the resources will be based on the feedback from the UEs. For HSDPA this feedback is provided by CQI values (values from 0 to 30) which are based on measurement of the CPICH. 

For a flexible and resource efficient scheduling of OFDM subcarriers an advanced feedback reporting scheme is required which will describe the radio channel experienced by the UE in much more detail compared to HSDPA. The specification of this reporting scheme has to balance the feedback rate (kbit/s) against the achievable overall system performance.

In the following we will present some general principles for scheduling and feedback reporting.

Scheduling Principles

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. 

For each UE which should be scheduled in a specific TTI the scheduler in the E-Node B shall select between two different allocation schemes:

· For UEs with low or medium variation of the radio channel quality, sets of contiguous OFDM subcarriers may be allocated which enables a high performance. The principle is depicted in figure 1, in which three sets consisting of contiguous subcarriers are allocated to two UEs. Note that the allocated resources for a single UE do not have to consist of contiguous resource blocks. Instead, several of these resource blocks (consisting of contiguous subcarriers) allocated to a single UE can be dispersed in the frequency band. In figure 1 this applies to UE2. This scheduling scheme is further referred to as frequency selective scheduling.

· In contrary,  frequency non-selective scheduling results in highest reliability and efficiency, when the allocated resources are spread broadly over the frequency band. For UEs with high variation of  the radio channel the information about the quality of specific subcarriers is not reliable enough for high performance resource allocation.
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Figure 1: Example of the Scheduling principles

Note that the graph does not show any timely behaviour of the UE´s radio channel quality.

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

Mobility
Scheduling
Feedback Reporting
Resource Allocation



Low/
Medium
Frequency
selective
Reporting may be done on a fine granularity over some time.
RA can be performed on the finest defined granularity of resources, the quality is of the same fine granularity. Such resources may best be allocated first, depending on their quality and the needs.

High
Frequency
non-selective
Reporting may be done on a low granularity (in extreme cases only one quality measure for all of the resources). The reports are valid for a limited period of time only.
RA can be performed on the finest defined granularity of resources (same as above), however the quality is only known with a very low granularity. The allocation of these resources may be performed after the frequency selective scheduling.

Table 1: Mobility dependent Feedback Reporting and Resource Allocation

It is proposed to adopt the two basic scheduling principles:

· frequency selective scheduling and 

· frequency non-selective scheduling

 into TR 25.813.

UE Feedback Principles

For optimal support of the two basic scheduling principles, the feedback of the UE´s measured radio channel quality must meet the following basic requirements:

Two basic types of feedback shall be possible:

· One radio channel quality measure for the complete frequency band and

· More detailed quality feedback for parts of the frequency band. 

As the variation of the radio channel quality is a measure for the probability of beneficial application of the frequency selective scheduling, the applied feedback scheme should be adapted dynamically.

This leads to the additional requirement:

Depending on the variation of the radio channel, the type of feedback shall be adaptable.

In any case the resulting feedback rate will engender additional load on the uplink, taking throughput capacity from the uplink user data transfer capabilities not only of the own but all radio cells due to the increased overall interference level. Thus the applied feedback scheme shall occupy as less as possible resources, even if the uplink user data rate is low.

However an adaptive feedback scheme would achieve to reduce the resulting feedback rate to a minimum.

It is proposed to adopt the requirement for adaptation of the feedback channel to the variation of the experienced radio channel quality into TR 25.813.

Requirements for resource allocation

For support of the two basic scheduling principles the resource allocation shall be capable of allocating the available resources with a sufficiently fine  granularity, the number of subcarriers forming this finest granularity is ffs. ..

When frequency non-selective scheduling is applied, the quality information is e.g. only available for the whole frequency band. Thus, spreading the allocated subcarriers broadly over the available resources leads to increased probability that the expected quality (derived from the feedback) of the transmission is actually experienced.

On the other hand, the effort for signalling is the higher, the finer the granularity of the used resources is.

Special attention shall thus be paid to the design of the forward signalling channel to find the best tradeoff between system capacity, signalling effort and ease of implementation.

Requirements for the forward signalling channel

The overall performance of the radio cell can be optimised by the above mentioned combination of the two basic scheduling principles frequency selective and non-selective scheduling. Therefore the basic requirement for the feedforward channel is that it shall allow to send the announcements for both frequency selective scheduled UEs and frequency non-selective scheduled UEs in one single TTI. The two scheduling schemes can be applied to the subcarriers freely, i.e subcarriers are not predefined to exclusive usage with any of these schemes. The current assumption is that a subcarrier is allocated for the minimum duration of one TTI.

As outlined before, the optimum detailed design of the forward signalling channel depends on the finest granularity of allocatable resources.

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

Conclusion

This paper has outlined the necessity for a flexible scheduling process that is aligned with the feedback channel, resource allocation and the feedforward channel 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:

A key requirement of E-UTRAN is to increase the system performance significantly. In this respect the following assumptions apply:

· Two basic operation modes for the scheduling were identified:

· Frequency selective scheduling and

· Frequency non-selective scheduling

· The feedback of  radio channel quality information can be adapted to the variation of the radio channel quality.

It is generally proposed  to verify the interoperability of the concepts for scheduling, interference mitigation, feedback and feedforward by system simulations.
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