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1
Introduction

The environment in which E-UTRAN MAC scheduling will operate is still very open and so it is difficult to define requirements at this point in time. Towards making progress this paper identifies features that the scheduling function may need to accommodate and proposes some text for inclusion in section 7 of [1].

2
Discussion

2.1 Scope of MAC Scheduler

The current understanding is that most logical channels (CCCH, DCCH, DTCH and possibly also MTCH and MCCH) will be mapped to the uplink and downlink shared channels. In turn this implies that allocation of resources for these channels will be controlled by MAC scheduling functions that are embedded in the eNode B. Furthermore, it is not inconceivable that even BCH and PCH might be assigned flexible capacity by dynamic scheduling provided that a UE can identify the location of the assignment channel.

Whilst the majority of radio resources may be assigned dynamically dynamic scheduling incurs a signalling and reliability overhead and so the possibility of long-term allocation, possibly allocation to release may exist for certain channels.  An example could be MTCH if the combining of MBMS transmissions made in several cells is adopted.

It is assumed that the uplink and downlink scheduling functions can be considered independent processes although this would not preclude implementations from co-ordinating the scheduling of resources to individual UEs.

Whilst the algorithms used within a Node B can be regarded as implementation, they will be constrained in their operation by the physical resource allocation formats specified by RAN1 and the signalling mechanisms and the measurements that are specified by RAN2.

2.2 Resource allocation strategies considered in RAN1

The use of OFDM for downlink transmission implies that UEs will be allocated combinations of tones (chunks) and transmission times. Two distinct basis for resource allocation have been identified in RAN1, namely distributed and localised resource allocation.

· Distributed resource allocation allocates sets of tones that do not form contiguous blocks, but are distributed across the transmission bandwidth.

The expected application of distributed resource allocation is for traffic channels intended for fast moving UEs, channels that have relatively static resource allocations e.g. MTCH, control channels and broadcast channels

· Localised resource allocation refers to the practice of allocating blocks of contiguous tones based on UE reported measurements of carrier/interference per block (i.e. CQI) for a set of candidate blocks. The intention is to allocate the best resources (from a CIR point of view) to the UE but the allocation will be valid for a relatively short period of time, a TTI or a small number of TTIs.

The use of SC-FDMA in the uplink also implies that the concepts of distributed and localised resource allocation will apply in the uplink as well as the downlink. However due to the single carrier nature of the uplink, additional restrictions apply on the selection of localised blocks (they must be contiguous) and distributed tones (they must be regularly spaced).

Furthermore, it should be noted that frequency dependent scheduling, as used for localised allocation implies some form of overhead. For the downlink, the overhead comprises CQI reports transmitted by each UE. For the uplink, the overhead consists of additional pilots transmitted by all UEs for the purposes of measuring CQI at the Node B.

A further resource allocation strategy that has been considered in RAN1 is the allocation of resources based on the UEs proximity to a cell boundary.  Different resource sets are designated for use by UEs that are near the cell centre and UEs that are near cell boundaries in order to minimise inter-cell interference. 

2.3 Conclusions relating to current knowledge regarding MAC scheduling

Following from the above the following is proposed as a summary of current knowledge relating to scheduler behaviour.

In keeping with optimal use of radio resources the scheduler will allocate resources in a manner that will:

· Assign resources between UEs and between different flows associated with a single UE taking account of the traffic volume and the QoS requirements of each UE and flow.

· Possibly assign resources taking account of the radio conditions at the UE identified through measurements, e.g. CQI, made at the Node B and/ or reported by the UE.

· Assign resources for relatively short periods of time, e.g. a single TTI or a small number of TTI (localised), or for longer periods of time (distributed) dependent upon UE and/ or channel type.

· Possibly assign resources and/ or allocation periods taking account of a UEs speed classification. The manner by which this classification is identified to or by the scheduler is not yet known.

· Possibly assign resources taking account of a UEs position within a cell. The manner by which this classification is identified to or by the scheduler is not yet known.

2.5 Signalling of resource allocations

It can be expected that UEs subject to dynamic resource scheduling will receive resource allocations by way of a scheduling channel. It is possible that optimisation will define separate signalling channels for uplink and downlink allocations. Differing information formats may be required for localised and distributed resource sets.

If resource allocation is made for significant periods of time, for example for MTCH and DTCH using distributed resource allocations then alternative signalling formats might be adopted, for example in-band, or on a supporting control channel e.g. MCCH. Dependent upon the complexity of tone sets employed (distributed and/ or localised) it may reduce the resource allocation overhead if the sets were predefined e.g. on BCCH.

2.6 Proposed statements for inclusion within section 7 of [1]
Based on the above discussion, it is proposed that the following could be captured as initial information in section 7 of [1].
Scheduler Operation:
· MAC in E-Node B will include a dynamic resource schedulers that will allocate physical layer resources for the DL-SCH and UL-SCH transport channels. Independent schedulers operate for the DL-SCH and UL-SCH but this does not preclude co-operative operation.
· It is ffs whether the dynamic resource scheduler will also assign resources for other channels, specifically MCH and BCH.
· Schedulers assign resources between UEs and between different flows associated with a single UE taking account of the traffic volume and the QoS requirements of each UE and flow.

· Schedulers may assign resources taking account of the radio conditions at the UE identified through measurements made at the E-Node B and/or reported by the UE.
· Resource assignments will consist of radio resources and an allocation time. It is ffs whether resources will be assigned only for short periods of time (a TTI or a small number of TTIs) or whether allocations for longer periods of time will be possible e.g. for distributed resource allocation rather than localised resource allocation.

· It is ffs whether resource allocation will take account of UE location within a cell and/ or UE speed classification.
Signalling of Scheduler Decisions:
· UEs will identify whether resources are assigned to them at points in time by receiving a scheduling (resource assignment) channel. There may be separate scheduling channels for uplink and downlink resource assignment. 

· It is ffs whether resources can be assigned by other means e.g. MAC headers or RRC signalling.
· It is ffs whether resource sets will be specified in detail on a control channel e.g. BCCH and a short notation identifying this detailed specification will be used on the scheduling channel.
Measurements to Support Scheduler Operation:
· Measurement reports will be required to enable the scheduler to operate. These will include transport volume and measurements of a UEs radio environment.

· It is ffs whether additional measurement information will be required to support the classification of UEs between localised and distributed resource allocation.

· It is ffs whether additional measurement information is required to support cell centre/ cell-edge resource subdivision.

3. Conclusions
Currently it is not possible to be precise regarding stage 2 specifications of MAC scheduler functionality and its supporting control signalling and measurement reporting. This paper contains proposals for initial text descriptions for inclusion in section 7 of [1].
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