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Introduction

This document summarizes basic medium access control (MAC) techniques and analyzes strengths and weaknesses of each MAC technique. The considered schemes are Rate scheduling, Rate and Time scheduling, dedicated and common scheduling approach, probabilistic and deterministic scheduling approach.

Overview of the Scheduling Mechanisms

Scheduling strategies involve various aspects for which there are a number of options. Some of them are captured in [1]. The following list summarizes most of these aspects and associated options: 

1. Strict scheduling and Transmission rate control

a. Node-B controlled rate scheduling

i. After initialization, Node-B can send up/down (addition/deletion) commands to each UE, with restriction that the maximum possible rate allowed by Node-B does not exceed the maximum rate allowed by RNC.

ii. Based on the command, UE can increase or decrease its maximum allowed rate probabilistically or deterministically.

iii. The following are the basic characteristics

· Smaller overhead than the time and rate scheduling

· Incremental rate and power increase/decrease

· UE experience ramp-up delay that increases with increased target rates and the number of cells in the active set

b. Node-B controlled time and rate scheduling

i. Reconfiguration of UE E-TFCS by signaling E-TFC indicator.

ii. UE transmits during the time interval specified by the downlink scheduling assignment using the TFCS, determined from the scheduling assignment.

iii. The following are the basic characteristics

· Reduced latencies in rate control

· Offers possibility to take advantage of fast channel quality variations

· More precise load (RoT) control

· In general, higher downlink overhead than the rate scheduling, however, downlink signaling overhead is only required for a small number of scheduled UEs, rather than for all UEs in case of continuously updated TFCS.

2. Intended target of downlink signaling message

a. UE specific

i. Downlink signaling message is UE unique and is sent to each UE separately.

ii. Applicable to both rate and time and rate scheduling

iii. The following are the basic characteristics:

· Has higher than cell specific uplink and downlink associated overhead

· Has MAC overhead per UE

· Network ability to control the maximum allowable rate of a UE

· UE has ability to request increase in the maximum allowable rate.

b. Cell specific

i. Common for all UEs in a cell, one downlink signaling message is sent.

ii. Applicable to rate scheduling.

iii. The following are the basic characteristics: 

· Has small MAC overhead

· Coarse control of packet data transmission and uplink load

· Network has no ability to control maximum rate of a specific UE

· Large delays may be incurred.

3. Interpretation of E-TFCS change

a. Deterministic

i. When a cell/UE specific E-TFCS reconfiguration or addition/deletion command is received, the UE deterministically adjusts its E-TFCS based on the command.

ii. Allows better individual UE control

iii. Applicable to both rate scheduling and time and rate scheduling

b. Probabilistic

i. When a cell/UE specific E-TFCS command is received, the UE probabilistically adjusts its E-TFCS.

· The associated probabilities are a function of E-TFC

· The larger the data rate (“higher” E-TFC), smaller/larger the transition probability to a higher/lower data rate.

ii. Applicable to rate scheduling

iii. With a cell specific addition or deletion command, each UE is less likely increasing its transmission rate when already controlled to transmit at higher rates, and more likely to ramp-up when currently controlled to transmit at lower rates. The use of a cell specific command involves less downlink signaling overhead than a UE specific command.

iv. In a scenario where the addition and deletion commands are UE specific, this scheme becomes a superset of the Node-B controlled rate scheduling algorithm.

4. Valid duration of E-TFCS change

a. Applicable to Node-B controlled time and rate controlled mode

b. Per HARQ instance or per radio frame or some other duration

Summary

We have identified four main properties associated with any scheduling mechanism:

1. Behaviour in time (periodic or traffic based)

2. Addressing (common to a cell or dedicated to a UE)

3. Level of control (probabilistic or deterministic)

4. Time validity (permanent or with an expiration time) 

We believe that different combinations offer benefits in some scenarios and have drawbacks in some other scenarios. It may therefore be beneficial to consider support of more than one scheme. At the same time, the E-DCH implementation, deployment and operation should be facilitated my reducing the number of options to a strict minimum. The goal is therefore to identify a minimum set of combinations, which provides the most benefits in the most typical scenarios.
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