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Input to FLO TR (3GPP TR 45.902)

This paper proposes some addition to the FLO TR to capture FLO support in GERAN A/Gb mode. Some minor changes are also proposed for GERAN Iu mode.

3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the following terms and definitions apply.

Active Transport Channel: a transport channel is active during a TTI if it carries a transport block. 

Dynamic attributes: for one transport channel, the values of the dynamic attributes are different among transport formats. They are configured by Layer 3 and can change on a TTI basis under the control of the MAC sublayer.

Empty Transport Format: a transport format such that no transport block is carried over the transport channel (i.e. the transport channel is inactive).

Empty Transport Format Combination: a transport format combination that is made up only of empty transport formats.

Inactive Transport Channel: a transport channel is inactive during a TTI if it does not carry a transport block (i.e. the transport block size is zero).

Radio Frame: The result of applying rate matching to a transport block along with its associated CRC that have first been channel coded using a rate 1/3 convolutional code. 

Radio Packet: The set of one or more radio frames together with the applicable coded TFCI that form the volume of payload that can be transmitted on a timeslot for any given TTI.

Semi-static attributes: for one transport channel, the values of the semi-static attributes are common to all transport formats. They are configured by Layer 3 and can only be changed by Layer 3 signalling.

Transport Block: block exchanged on a transport channel between the physical layer and the MAC sublayer.

Transport Channel: SAP between the physical layer and the MAC sublayer. 

Transport Format: configuration of a transport channel, including for instance channel coding, CRC size, etc.

Transport Format Combination: allowed combination of transport format(s) of the different transport channels that are multiplexed together on a basic physical subchannel.

Transport Format Combination Indicator: layer one header that indicates the transport channel combination that has been selected for each radio packet.

Transport Format Combination Set: set of allowed transport format combinations on a basic physical subchannel.

Transport Format Indicator: index identifying a particular transport format within the transport format set.

Transport Format Set: set of all transport formats defined for a particular transport channel.

Transmission Time Interval: rate at which transport blocks are exchanged between the physical layer and the MAC sublayer on a transport channel.

3.2
Abbreviations

For the purposes of the present document, the following abbreviations apply:

ADCH 
Associated Dedicated CHannel
CCTrCH
Coded Composite Transport CHannel

CDCH
Control-plane Dedicated CHannel

CTFC
Calculated Transport Format Combinations

DCH
Dedicated CHannel
FDTCH
FLO Dedicated Traffic CHannel

FDCCH
FLO Dedicated Control CHannel
FLO
Flexible Layer One

GERAN
GSM/EDGE RAN

GMM
GPRS Mobility Management

GRR
GPRS Radio Resource management

IMS
IP Multimedia Subsystem

MAC
Medium Access Control

MS
Mobile Station

QoS
Quality of Service

PDU
Protocol Data Unit

RAN
Radio Access Network

RLC
Radio Link Control

RRC
Radio Resource Control

RT
Real Time

SDU
Service Data Unit

SAP
Service Access Point

SFACCH
Shared Fast Associated Control Channel

SM
Session Management

TB
Transport Block

TBF
Temporary Block Flow

TF
Transport Format

TFS
Transport Format Set

TFIN
Transport Format INdicator

TFC
Transport Format Combination

TFCI
Transport Format Combination Indicator

TFCS
Transport Format Combination Set

TrCH
Transport Channel

TTI
Transmission Time Interval

UDCH
User-plane Dedicated CHannel

UTRAN
UMTS Terrestrial Radio Access Network

Other abbreviations used in the present document are listed in 3GPP TR 21.905.

5
Requirements

The flexible layer one should:

-
fulfil most of the IMS requirements in terms of radio bearer service attributes;

-
support the multiplexing of parallel flows on to a basic physical subchannel;

-
provide an optimisation of spectral efficiency through the support of different interleaving depths, unequal error protection/detection, reduced channel coding rate granularity and support of 8PSK and GMSK modulations;

-
provide an efficient support of real time IMS services;

-
be applicable to both modes of operation: A/Gb mode and Iu mode;

-
minimize the impacts on the radio protocols;

-
minimize the overhead introduced by the radio protocol stack;

-
not introduce an unfeasible number of test configurations;

-
be future proof;

-
within reason, be compatible with legacy transceiver implementations.

6.5
Protocol architecture

6.5.1
Iu mode

Figure 1a below illustrates the protocol architecture in conjunction with FLO in Iu mode:
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Figure 1a: Protocol Architecture for FLO in Iu mode
The physical layer offers transport channels to the MAC sublayer. MAC is responsible for mapping logical channels on appropriate transport channels. A logical channel type is selected upon the plane to which the RLC entity belongs. The following logical channel types are introduced for use with FLO:

-
FLO Dedicated Traffic CHannel (FDTCH): point-to-point channel, dedicated to one MS, for the transfer of user-plane information only. An FDTCH can exist in both uplink and downlink

- 
FLO Dedicated Control CHannel (FDCCH): point-to-point bidirectional channel that transmits dedicated control-plane information only between a MS and the network.

One type of transport channel is introduced: Dedicated CHannel (DCH). A DCH is a channel dedicated to one MS used in uplink or downlink. A mobile station may have one or more TrCHs of type DCH active at the same time.

6.5.2
A/Gb mode

Figure 1b below illustrates the protocol architecture in conjunction with FLO in A/Gb mode:

 
[image: image2.wmf] 

RLC

 

MAC

 

PHY

 

        Block Flows

 

Transport Channels

 

GRR

 

RLC

 

 RLC

 

 RLC

 

 RLC

 

 RLC

 

DBPSCHs

 

FL

O

 

FLO

 

 FLO

 


Figure 1b: Protocol Architecture for FLO in A/Gb mode
The physical layer offers transport channels to the MAC sublayer. MAC is responsible for mapping block flows on the appropriate transport channels (TrCH).

The GRR entity is responsible for configuring the RLC, MAC, and Physical layers associated with the user plane protocol stack with their FLO parameters. 

· The configuration of these user plane protocols may take place after a FLO based radio resource has been allocated.
· The allocation of a FLO based radio resource by default defines RLC, MAC and physical layers applicable to the control plane and makes use of a specific pre-allocated TFCI (default).
· The FLO attributes associated with the pre-allocated TFCI are as defined in section 9.5.
· The network based GRR entity may provide user plane configuration information to its peer GRR entity in the MS by sending it GRR messages (i.e. control plane messages) using the pre-allocated TFCI on a FLO based radio resource.

· Discrimination between control plane and user plane payload is provided above the physical layer (i.e. the pre-allocated TFCI may be used for both the control plane and the user plane).
7.3
Rate Matching

The rate matching is the core of FLO. In rate matching, bits of an encoded block on a transport channel are repeated or punctured. Since the block size is a dynamic attribute, the number of bits on a transport channel can vary between different transmission times. When it happens, bits are repeated or punctured to ensure that the total bit rate after TrCH multiplexing is identical to the total channel bit rate of the allocated basic physical subchannel.

When only one transport channel is active at a time, the coding rate only depends on the transport block size and on the available channel bandwidth. But when more than one transport channel is active, the coding rate also depends on the rate matching attributes associated to each transport channel. The rate-matching attribute is used to calculate the number of bits to be repeated or punctured for each transport channel. 

Higher layers assign the rate matching attribute for each transport channel. This attribute is semi-static and can only be changed through higher layer signalling. The rate matching attributes define priorities between the coded bits of different transport channels. The higher the rate matching attribute is, the more important the coded bits are. By setting different rate matching attributes to different transport channels, the effective coding rate (i.e. the result of puncturing or repeating bits of an encoded block) of the transport channels can be adjusted.

Outputs from the rate matching are called radio frames. For every radio packet the rate matching produces one radio frame per encoded block, i.e. per TrCH.

The rate matching algorithm for GERAN is based on the UTRAN one defined in 3GPP TS 25.212. A few simplifications are made since there is no spreading factor, nor compressed mode, nor special cases such as turbo codes and therefore many parameters of the UTRAN algorithm can be fixed either to 0 or 1 in GERAN.

Notation used:
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Round x towards -(, i.e. integer such that 
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Absolute value of x.
 I
Number of TrCHs in the coded composite transport channel (CCTrCH).
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Total number of bits that are available in a radio packet for the CCTrCH.
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Number of bits in an encoded block before rate matching on TrCH i with transport format combination j.
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If positive, 
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 denotes the number of bits that have to be repeated in an encoded block on TrCH i with transport format combination j in order to produce a radio frame.


If negative,
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 denotes the number of bits that have to be punctured in an encoded block on TrCH i with transport format combination j in order to produce a radio frame.


If null, no bits have to be punctured nor repeated, i.e. the rate matching is transparent and the content of the radio frame is identical to the content of the encoded block on TrCH i with transport format combination j.
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Semi-static rate matching attribute for transport channel i.

 eini
Initial value of variable e in the rate matching pattern determination algorithm.

 eplus
Increment of variable e in the rate matching pattern determination algorithm.

 eminus
Decrement value of variable e in the rate matching pattern determination algorithm.
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Intermediate calculation variable.

R
Retransmission number when incremental redundancy is used (R=0 for first transmission, R=1 for first retransmission, …, R=n for the nth retransmission). When incremental redundancy is not used, R is equal to zero always.

For each radio packet using transport format combination j, the number of bits to be repeated or punctured (Ni,j within one encoded block for each TrCH i is calculated with the following equations:
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for all i = 1 … I
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For the calculation of the rate matching pattern of each TrCH i the following relations are defined:
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-- average distance between punctured bits
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-- average distance between transmitted bits
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end if

else  eini  = 1

The rate matching rule is as follows:

if 
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-- puncturing is to be performed
e = eini





-- initial error between current and desired puncturing ratio 

m = 1





-- index of current bit

do while 
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-- for each bit of the encoded block of TrCHi
e = e – eminus 


-- update error

if 
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-- check if bit number m should be punctured

puncture bit bim
-- bit is punctured

e = e + eplus

-- update error

end if

m = m + 1



--  next bit

end do

else if 
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-- repetition is to be performed

e = eini





-- initial error between current and desired puncturing ratio 

m = 1





-- index of current bit

do while 
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-- for each bit of the encoded block of TrCHi
e = e – eminus 


-- update error

do while 
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-- check if bit number m should be repeated

repeat bit bi,m 

-- repeat bit

e = e + eplus

-- update error

end do

m = m + 1



--  next bit

end do

else






-- 
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do nothing



-- no repetition nor puncturing

end if.

7.4
Transport Channel Multiplexing

For every radio packet to be transmitted, one radio frame from each active TrCH is delivered to the TrCH multiplexing. These radio frames are serially multiplexed to form a CCTrCH. The order in which each radio frame is serially multiplexed to form a CCTrCH is implied by the number of the associated TrCH. Note that TrCHs are numbered at TrCH configuration time. 
8.2
Protocol architecture in A/Gb mode

8.2.1

General

The MAC sublayer offers TBFs for the transfer of RLC data between peer RLC entities. The transfer of control-plane and user-plane data is done on TBFs, as defined in subclause 6.5.
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Figure 3b: Block Flows and Transport Channels 

The control-plane data is the messages produced by the GRR protocol.

The user-plane data is the messages produced by the SM and GMM protocols, real-time services (e.g. speech) and non-real-time services (e.g. SIP signalling). Having more than one service active to one MS will require several RLC instances.On a TrCH, an RLC/MAC block is the basic unit of traffic exchanged between the MAC sublayer and the physical layer. The structure of an RLC/MAC block is defined in subclause 8.3.1.

The FLO entity of figure 3b represents all radio resources allocated to one MS. It can be one or more radio timeslots.

8.2.2
RLC protocol
FLO allows for transmission of RLC information in RLC acknowledged mode, RLC unacknowledged mode and RLC transparent mode. RLC blocks are transferred between two peer RLC entities at a maximum rate of one RLC block per TTI, per timeslot.

The functions and services provided by the RLC protocol are defined in 3GPP TS 44.060. However, the following new FLO specific functions need to be provided by the RLC protocol:

-
Segmentation of control plane data and user plane data to the new TF sizes as defined by GRR and controlled by MAC.

8.2.3
MAC protocol
The MAC sub-layer allows transmission over the physical layer with FLO of upper layer PDUs from one MS on dedicated basic physical sub-channel(s). MAC does not allow for operation on shared basic physical sub-channel using FLO.

The functions and services provided by the MAC protocol are defined in 3GPP TS 44.060. However, the following new FLO specific functions need to be provided by the MAC protocol:

-
Mapping TBFs onto the appropriate TrCHs.

-
Selecting the appropriate TF for each TrCH within the TFS configured by GRR for each TrCH so that the resulting TFC on the CCTrCH belongs to the TFCS configured by GRR.

-
Priority handling between TBFs directed to one MS.

-
Discrimination between user plane and control plane payload

8.5
Ciphering in A/Gb mode
Ciphering of FLO channels follows the same principles as when FLO is not used. Ciphering is provided for LLC PDUs and is performed by the SGSN node following the same principles as ciphering of GPRS/EGPRS. 

9.2
In A/Gb mode

GRR is anticipated as performing the following functions:

· Configuration of RLC, MAC and physical layer attributes associated with the user plane protocol stack where FLO is used.

· Configuration of handover related parameters (e.g. measurement information).

· Processing of measurement reports and determining when handover is required.

· Managing handover related procedures.




� Working name for the RR entity. 
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