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Introduction

Previously presented document [1] summarized basic medium access control (MAC) techniques and analyzed 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. Different scheduling mechanisms offer benefits in some scenarios and have drawbacks in other scenarios. Therefore it may be beneficial to consider support of more than one scheme. At the same time, the E-DCH implementation, deployment and operation should be facilitated by 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. Hence, in this document, we present the scheduling mechanism that is suitable for EUL and can provide low delays, low overhead and efficient overload handling.
EUL Scheduling Mechanism

Description

Based on the analyzed characteristics of different scheduling schemes, captured in [1] and [2], we suggest the scheduling mechanism that is a combination of dedicated rate and time control, dedicated rate control and common rate control. The scheme details are given in the following text.

· As the part of dedicated rate and time scheduling, grant message is occasionally sent

· Originates from the serving cell only

· The serving cell is the best downlink cell [3]
· Needed for fast rate change

· Grant may be needed if data has to be sent urgently with high data rate and the current transmission rate is low

· Grant may be based on 

· The scheduling list, determined by the scheduling algorithm

· Available resources

· Difference between the requested data rate and the current data rate

· Grant is used to point to the new maximum power offset from DPCCH

· After the validity of the grant expires, an indicator is used to determine whether the UE transmission rate goes to zero (or minimum rate) or continues with the granted rate until further change (due to the next grant or rate control command)

· When received, the grant has precedence over the rate control commands
· As the part of the dedicated rate control, dedicated rate control commands are sent

· Up/hold/down commands are sent from the serving cell only

· The control commands can change the maximum power offset from DPCCH by one step increment from the current maximum power offset

· It is an efficient way of controlling the resource use incrementally, when drastic changes are not needed

· Small Ec/Ior requirements [4]
· Common rate control is used in conjunction with dedicated rate and time control and dedicated rate control. The common control is employed in terms of busy bit and used to signal cell overload to UEs controlled/served by neighbouring cells. The busy bit provides for additional overload protection and is needed because the scheduling (through the dedicated rate and time and dedicated rate control) is performed only by the serving Node B, without knowledge of the implications to the neighbouring cells

· Using the common rate control bit non-serving cells in the UE’s Active set are able to influence the UE’s transmission rate

· It is an inexpensive way (due to large processing gain available) to control the overload in a cell due to UEs controlled by different cells

· Busy bit may be set if a fraction of load due to UEs controlled by different cells exceeds some value

· Busy bit has the highest precedence if it is received from the non-serving Node-B cells

· Or-of-downs rule for the received busy bits from the non-serving Node-B cells

· Only non-serving Node-B cells busy bits are considered since the serving Node-B cells are able to control UEs through the rate control commands or grants

· The busy bit should be ignored by the users that have the originating cells as the serving Node-B cells

· When set and applied, busy bit lowers the maximum power offset from DPCCH by one step increment from the current maximum power offset

The block diagram and the flow of the scheduling mechanism are presented in Figure 1.
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Figure 1: Block diagram of the scheduling process

· First, it is checked if the busy bit originating from a non-serving cell in the UE’s Active set is set

· If yes, the power offset from DPCCH is decreased by one step increment from the current setting

· If no, it is checked if a grant from the serving cell is received

· If the grant is received

· The power offset from DPCCH is set according to grant specification

· The flag is set to ‘false’ (the meaning of the flag is explained in the following text)

· If no grant is received, check if the previous grant has expired and if the flag indicating that adjustment to the minimum set due to grant expiation has already been done is not set

· If yes

· Set the maximum power offset that corresponds to the minimum set

· Reset the flag to ‘true’

· If not, the power offset is updated according to the dedicated rate control command.

Signalling Requirements

Uplink

The request message is sent on uplink by a UE to request resources and to notify scheduler about its current state. It should contain the following information:

· Power headroom information

· Denotes how much power is left to use on E-DPDCH

· Queue size

· Denotes how big is the queue for which data transmission is requested

· QoS requirements for the data

· Denotes the queue Id to identify the buffer, and implicitly its QoS requirements

· The QoS requirements are defined at the call setup

· Indicator of whether certain watermark level has been crossed

· The watermark level is the certain limit that when crossed, the urgency becomes high

· The watermark level may be based on time to deadline

Downlink

Depending on which mechanism is used, the downlink control signalling messages may carry the following information.

· Grant message for dedicated rate ant time scheduling

· Maximum power offset from DPCCH

· UE identification 

· Indication whether the grant is valid for a single or all HARQ processes

· If the grant is valid for all HARQ processes, the grant takes effect when a new encoder packet transmission begins

· Indication whether the grant is valid for a single encoder packet or upper layer signalling negotiated duration

· If the grant is valid for a single encoder packet, after the grant expiration, rate goes to the minimum set

· If the grant is valid for more than a single encoder packet, dedicated rate control commands may be used to update the UE’s maximum power offset

· Up/hold/down command for dedicated rate control
· Change in allowed maximum power offset from DPCCH
· Applies per HARQ process

· Busy bit for common rate control

· Indicator of the overloading

Summary

Based on the analyzed characteristics of different scheduling schemes, we described a scheduling mechanism which combines components of dedicated rate and time control, dedicated rate control and common rate control approaches. We've described in some details the scheduler functionality and associated signalling as well as the corresponding UE block diagram for deriving the allowed power offset. 

We  believe that scheduling mechanism is suitable for EUL as it provides means for operating the uplink with low delays, low overhead and efficient handling of overload conditions.
References

[1] R1-040544, Scheduling Mechanisms, Qualcomm Europe

[2] 3GPP TR 25.896 V2.0.0

[3] R1-040545, Scheduling in SHO, Qualcomm Europe

[4] R1-031232 Text Proposal on DL Signaling Overhead, Qualcomm Europe








































3GPP


