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1
Introduction
In this document, we discuss and propose a framework including hierarchical architectures for packet scheduling and radio resource allocation along uplink and downlink of LTE.

The advantages of this architecture are highlighted by describing the functions and design targets associated with each of the main comprising entities.

In addition, this contribution tries to provide a platform with unified terminology and architecture for further discussions on issues related to scheduling.

2 Definitions
The terminologies and definitions used in this contribution are summarized in this section.

· RB
(Resource block)
A unit of resource along time and frequency domains scheduled by radio resource scheduler
· PRB
(Physical Resource Block)
A unit of physical resource to be scheduled along time and frequency domains as defined in TR25.814
· TB
(Transport Block)
A block of information out of a transport channel to be transmitted in a TTI corresponding to a UE

· TBS
(Transport Block Size)
Size of a TB
· MCS
(Modulation and Coding Scheme)
· TF
(Transport Format)
A parameter set in physical layer used to map a TB to a signal in a physical channel. In E-UTRAN, a TF consists of a set of MCS and MIMO related parameters.

· TFI
(Transport Format Index)
An index corresponding to a TF in TFS

· TFS
(Transport Format Set)
A set including all possible TF (TFI)
· UE-QoS-Profile

Specifies QoS requirements associated with a UE.

· LgCH-QoS-Profile

Specifies QoS requirements associated with logical channels pertinent to a UE.

· S-UE

UEs to be served and to transmit information in the next TTI

3 Proposal
A framework including hierarchical architectures for scheduling and radio resource allocation is proposed for LTE. The architectures for downlink and uplink are proposed as shown in Figure 1 and Figure 2, respectively. The design philosophy corresponding to three of the main functional entities in this architecture are stated below (mainly on rectangular blocks with solid border line in Figure 1 & Figure 2):
· RRS
(Radio Resource Scheduler)

Objectives:
(1) to determine S-UE’s in a TTI in order to guarantee QoS at UE level and (2) to allocate RB’s to S-UE’s and (3) to optionally determine TFS (set of qualified TF’s that meet requirements implied by UE-QoS-Profile) for all S-UE’s.
Inputs:
Inputs to RRS include (1) UE capability profiles, (2) UE-QoS-profiles, (3) channel & buffer status reports and (4) other measured and reported parameters specified and described in TR25.813 & TR25.814.
Functions:
Based on UE-QoS-profiles, RRS determines S-UE’s to be served in the next TTI and send this decision to PH&S. The corresponding RB’s as well as possible TFS’s to be allocated to these S-UE’s are also determined.
Outputs:
Outputs from RRS include (1) Indicators or identities of S-UE’s and (2) TFS/RB associated with these S-UE’s.

· PH&S
(Priority Handling & Scheduling)

Objectives:
(1) to determine transmission order of MAC PDUs from different logical channels (LgCH) associated with a S-UE, and (2) to guarantee QoS at logical channel level.
Inputs:
Inputs to PH&S include (1) LgCH-QoS-Profiles, (2) S-UE indicators and (3) logical channels associated with S-UEs.

Functions:
Based on UE-QoS-profiles, PH&S schedules the MAC PDU transmission out of all input logical channels associated with a S-UE within a TTI.
Outputs:
Outputs from PH&S include scheduled data out of logical channels for all S-UE’s.

· TFsel
(Transport Format selector)
Objectives:
 (1) to maximize channel throughput for a S-UE to transmit a TB in the next TTI and (2) to determine TBS associated with each S-UE.
Inputs:
Inputs to TFsel include TFS’s (i.e. TFI’s) associated with S-UE’s. TFS’s are either dynamically provided by RRS or predefined in advance.

Functions:
For each S-UE, TFsel chooses corresponding TF (TFI) either from available dynamic TFS provided by RRS or from fixed TFS to maximize channel throughput of a S-UE. TBS associated with TB of each S-UE is then determined implicitly by the selected TF.
Outputs:
Outputs from TFsel include (1) TF’s (TFI’s) associated with TB’s pertinent to UEs and (2) TBS associated with each S-UE.
4 Discussion
(1).
The proposed architectures consist of three functional entities: a radio resource scheduler (RRS), a Priority Handling and Scheduling (PH&S) entity and a TF selector (TFsel). The interconnection has been defined in Figure 1 and Figure 2.

(2).
The proposed mechanism is arranged in hierarchical manner: RRS handles and provides UE-level QoS guarantee. PH&S deals with and provides LgCH-level QoS guarantee. TFsel chooses a proper MIMO mode and MCS to maximize channel throughput.

(3).
The UE-QoS-profile can be derived from LgCH-QoS-profile of a UE by the ‘Profile Mapping’ entity. For example, the mean data rate of a UE can be defined as the sum of mean data rates of LgCHs associated with that UE and the minimum data rate for a UE can be the sum of the minimum data rates of its LgCHs.
(4).
As the proposed mechanism is arranged in hierarchical manner, it allows more uplink UEs to be scheduled simultaneously without increasing too much complexity as well as signalling overhead, as compared to the scheduling scheme implied in [2, 3].
(5).
In this proposed framework, the TF is always determined by eNB. It is FFS whether TF can also be chosen by UE from the TFS.

(6).
It is FFS to specify detailed signalling procedure to send the necessary information between UE and eNB including scheduled resource blocks (RB info), the scheduled TF (TF info) and the HARQ related information (HARQ Info). 


5
Summary

A framework including a hierarchical architecture for scheduling and radio resource allocation is proposed for LTE as shown in Figure 1 and Figure 2. The main functional entities in this architecture has been described in section 3.

As the proposed scheduling mechanism is arranged in hierarchical manner, it allows more uplink UEs to be scheduled simultaneously without increasing too much complexity as well as signalling overhead.
We propose to discuss and agree with the proposed architecture after discussing and settle down open issues addressed in section 4.

6
References
[1]
R2-061846, Scheduling Definitions, Nokia
[2]
R2-061220, “UL Scheduling Scheme for LTE”, Panasonic, NTT DoCoMo
[3]
TS 25.813, “Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN)”, V7.0.0, (2006-06)
Scheduler





TBS





HARQ Rx





TBS





Radio Resource





TBS





HARQ Rx





TBS





RB





PRB





deMapping





Mapping





RB





TFS





DeMux UEn





MAC





RLC





PDCP





MAC





PHY





PHY





UE C-Plane





eNB U-plane





QoS Profiles





UE





.





Profile Mapping





RLC





PDCP





.





TF info





RB info.





Mux UEn





Figure 1		Architecture of scheduler in downlink of LTE
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Figure 2		Architecture of scheduler in uplink of LTE
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