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1
Introduction

During the previous RAN2 discussions on E-UTRAN, it became obvious that clear definitions of the possible scheduling modes were required. This contribution first explains our understanding of the scheduling in E-UTRAN by highlighting the differences compared to HSPA, and then proposes some definitions. Note that the purpose of the definitions is not to specify what shall be used in E-UTRAN, but rather to establish a common reference when discussing and comparing the scheduling alternatives.
2

Scheduling Modes

2.1
Dimensions

When compared to UTRAN HSPA, E-UTRAN with OFDM in the downlink and SC-FDMA in the uplink, introduces another dimension in the scheduling: while scheduling in HSPA mainly consists of allocating a power or data grant to the UE, scheduling in E-UTRAN also requires the allocation of physical resource blocks where that grant is applicable. This other dimension impacts the definition of the grant: a grant can be in terms of physical resource blocks, transport block size, or both. Indeed in EUTRAN, the radio resources to be allocated are:

1)
Time;

2)
Frequency;

3)
Power;

4)
Transport block size.

Only 1) 2) and 4) need to be explicitly allocated to the UE:

-
Allocation of 1) and 2) is the allocation of physical resource blocks (PRB);

-
Allocation of 4) is the allocation of a data rate, MCS, or TFC (transport block size).

NOTE:
unlike in HSUPA, the power is solely managed by power control and is not allocated via the scheduler.
2.2
Signalling

In HSDPA, only the HS-SCCH is used for signalling which user(s) to be scheduled in the next TTI and there is no semi-static allocation method supported.
 In HSUPA, the control of the grant can be dynamic (via E-AGCH i.e. MAC) or semi-static (via RRC). The semi-static grants allocated by RRC in RNC cannot be controlled by the scheduler in the NodeB and are therefore referred to as “non-scheduled transmission.” Apart from guaranteeing a grant, the benefit of “non-scheduled transmissions” also lies in the reduced signalling overhead in the downlink.
In E-UTRAN uplink, the grant control is expected to be either dynamic or semi-static to achieve the same benefits as in HSUPA: reduced signalling overhead and guaranteed allocation. Since both RRC and the scheduler are collocated in E-UTRAN, semi-static allocations could be managed either by RRC or MAC. Although the difference between the two could be seen as a modelling issue since the scheduler in MAC can anyway interact with the RRC layer in the eNB, we believe that there are benefits in letting RRC manage the semi-static allocations:
-
Possibility to use ARQ in RLC for signalling reliability;
-
Clean modelling by keeping semi-static allocations out of MAC.
In E-UTRAN downlink, it is not clear yet whether to use or not to use semi-static allocations: since the overhead is less of an issue for downlink allocations, it could be more beneficial to give total freedom to the scheduler. This is FFS.
By differentiating the grant control in terms of time and frequency (i.e. PRB) form the grant control in terms of maximum TFC allowed, the following figure can be drawn:
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Figure 1: Scheduling Modes

As shown on the figure, Semi-Static Allocations are entirely controlled by RRC and Dynamic Allocations are entirely managed by MAC. But because of having two dimensions in the allocation, two more areas appear on the figure:

-
The area where the data rate is controlled by RRC and time & frequency resources are controlled by MAC; and

-
The area where the data rate is controlled by MAC and time & frequency resources are controlled by RRC.

While the former one does not appear as something useful, the later one might be worth considering. The scheduling mode where PRBs are allocated by RRC in a semi-static manner and the maximum TFC is dynamically controlled by MAC is referred to as “Pre-Defined Allocation.”
As a result, the following three allocation modes can be defined:
-
Dynamic Allocation: a scheduling mode where both PRB(s) and maximum TFC are allocated to a given UE by the MAC sublayer, potentially for a defined number of TTIs.

-
Pre-Defined Allocation: a scheduling mode where PRB(s) are allocated to a given UE for an undefined duration by the RRC layer, and where the maximum TFC is dynamically allocated to the same UE by the MAC sublayer.

-
Semi-Static Allocation: a scheduling mode where both PRB(s) and maximum TFC are allocated to a given UE by the RRC layer for an undefined duration.

4
Conclusions

It is proposed to discuss and agree on the tree definitions proposed in this contribution:
-
Dynamic Allocation: a scheduling mode where both PRB(s) and maximum TFC are allocated to a given UE by the MAC sublayer, potentially for a defined number of TTIs.

-
Pre-Defined Allocation: a scheduling mode where PRB(s) are allocated to a given UE for an undefined duration by the RRC layer, and where the maximum TFC is dynamically allocated to the same UE by the MAC sublayer.

-
Semi-Static Allocation: a scheduling mode where both PRB(s) and maximum TFC are allocated to a given UE by the RRC layer for an undefined duration.
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