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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, the feedback and the correlation with resource allocation. It furthermore concludes on a proposal for the most important requirements for these functional parts.

2. 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 resource blocks [2].

Apart from the technical reasons to form predefined resource blocks, the possibility of flexible and 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  and 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].

Furthermore RAN1 has defined that the OFDMA basic transmission scheme operates on a sub-frame granularity. The sub-frame duration corresponds to the minimum TTI. Scheduling works on a TTI level, whereas one TTI may consist of multiple consecutive sub-frames [2].
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 for the LTE OFDM downlink interface 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.

3. Scheduling Principles and Resource Allocation

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 scheduling schemes:

· For a UE with low or medium variation of the radio channel quality,  one Resource Block Set is allocated. This Resource Block Set consists of one or more Resource Block Subsets. One Resource Block Subset comprises one or more consecutive resource blocks. The Resource Block Subsets may be dispersed in the frequency band. The Resource Blocks Subsets and Resource Block Sets are selected and allocated according to the reported channel quality, this enables a high performance. 
The principle is depicted in figure 1, in which two Resource Block Sets are allocated to two UEs. UE1 is scheduled with one Resource Block Subset consisting of four resource blocks, while UE2 is scheduled with two Resource Block Subsets, each of them with two resource blocks. 

This scheduling scheme is further referred to as frequency selective scheduling.

· Another scheduling scheme results in highest reliability and efficiency, when a number of non-consecutive resource blocks are selected arbitrarily and spread broadly (e.g. equidistant) over the frequency band. For UEs with high variation of  the radio channel the information about the quality of specific resource blocks is not reliable enough for high performance resource allocation. 
This scheduling scheme is further referred to as frequency diverse scheduling.

[image: image1.wmf]0

50

100

150

200

250

300

-4

-2

0

2

4

6

8

10

Subcarrier index

Relative subcarrier power at receiving UE in dB

Allocated

to UE 1

Allocated to UE 2

Resource 

Block

UE2:

 Resource

 Block 

Subset

UE1:

 Resource

 Block Set

UE2: 

Resource

 Block Set


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 (i.e. one resource block).

For each UE a Resource Block Set is allocated. This Resource Block Set consists of one or more Resource Block Subsets. One Resource Block Subset comprises one or more consecutive resource blocks. The Resource Block Subsets may be dispersed in the frequency band. Such frequency selective resources may be allocated first, depending on their quality and the needs.

High
Frequency
diverse
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). A number of non-consecutive resource blocks  are selected arbitrarily and spread broadly (e.g. equidistant) over the bandwidth. The allocation of these resources may be performed after the frequency selective scheduling.

Table 1: Mobility dependent Feedback Reporting and Resource Allocation

For the support of the two basic scheduling principles the resource allocation shall be capable of allocating the available resources based on resource blocks with a sufficiently fine granularity, the number of subcarriers forming resource blocks is ffs in RAN1.

4. 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. 

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.

Further details for the feedback channel can be found in R 060004.

5. 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 diverse 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 diverse scheduled UEs in one single TTI. 

The current assumption is that a resource block is allocated for the minimum duration of one TTI, whereas one TTI may consist of multiple consecutive sub-frames [2]. 
As outlined before, the optimum detailed design of the forward signalling channel depends on resource blocks for frequency selective scheduling and for frequency diverse scheduling. 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 trade-off between system capacity, signalling effort and ease of implementation.

Further details for the forward signalling channel can be found in R 060004.
6.  Conclusion

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

------------------------------------------------------------- Start of Text Proposal ---------------------------------------------------------
7 Scheduling

The OFDMA basic transmission scheme operates on a sub-frame granularity. The sub-frame duration corresponds to the minimum TTI. The scheduling works on a TTI level, whereas one TTI may consist of multiple consecutive sub-frames [TR 25.814].

Two basic operation modes for the scheduling are supported:

· Frequency selective scheduling and
· Frequency diverse scheduling

With frequency selective scheduling, a frequency selective resource allocation scheme is applied, i.e. for each UE a Resource Block Set is allocated. The Resource Block Set consists of one or more Resource Block Subsets. One Resource Block Subset comprises one or more consecutive resource blocks. The Resource Block Subsets may be dispersed in the frequency band. 
If frequency diverse scheduling is chosen, a frequency diverse resource allocation scheme is adopted, i.e. a number of non-consecutive resource blocks are selected arbitrarily and spread broadly (e.g. equidistant) over the frequency band and allocated to a UE.

--------------------------------------------------------------- End of Text Proposal --------------------------------------------------------
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