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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).

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 format 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 Radio Access Network
IMS
IP Multimedia Subsystem

MAC
Medium Access Control

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

TB
Transport Block

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
Universal Terrestrial Radio Access Network
Other abbreviations used in the present document are listed in 3GPP TR 21.905.

6.2
Principles of FLO

With FLO, the physical layer of GERAN offers one or several transport channels to the MAC sublayer.  Each of these transport channels can carry one data flow providing a certain Quality of Service (QoS). A number of transport channels can be multiplexed and sent on the same basic physical subchannel at the same time. 

The configuration of a transport channel i.e. the number of input bits, channel coding, interleaving etc. is denoted the Transport Format (TF). As in UTRAN, a number of different transport formats can be associated to one transport channel. The configuration of the transport formats is completely controlled by the RAN and signalled to the MS at call setup. In both the MS and the BTS, the transport formats are used to configure the encoder and decoder units. When configuring a transport format, the RAN can choose between a number of predefined CRC lengths and block lengths. 

On transport channels, transport blocks (TB) are exchanged between the MAC sublayer and the physical layer on a transmission time interval (TTI) basis. For each TTI a transport format is chosen and indicated through the transport format indicator (TFIN). In other words, the TFIN tells which transport format to use for that particular transport block on that particular TrCH during that particular TTI. When a transport channel is inactive, the transport format with a transport block size of zero (empty transport format) is selected.

Only a limited number of combinations of the transport formats of the different TrCHs are allowed. A valid combination is called a Transport Format Combination (TFC). The set of valid TFCs on a basic physical subchannel is called the Transport Format Combination Set (TFCS). The TFCS is signalled through the Calculated Transport Format Combinations (CTFC).

In order to decode the received sequence the receiver needs to know the active TFC for a radio packet. This information is transmitted in the Transport Format Combination Indicator (TFCI) field. This field is basically a layer 1 header and has the same function as the stealing bits in GSM. Each of the TFC within a TFCS are assigned a unique TFCI value and when a radio packet is received this is the first to be decoded by the receiver. From the decoded TFCI value the transport formats for the different transport channels are known and the actual decoding can start.

In case of multislot operation, there shall be one FLO instance for each basic physical subchannel. Each FLO instance is configured independently by Layer 3 and as a result gets its own TFCS. The number of allocated basic physical subchannels depends on the multislot capabilities of the MS.

6.4
Limitations

The following assumptions are made in order to limit the complexity of FLO:

-
FLO shall be used on dedicated channels only, maintaining the 26-multiframe structure for which the SACCH shall be treated as a separate logical channel based on Release 5 format;
-
All TrCHs shall use the same TTI: the same length as in GSM/GPRS of Release 5, i.e. 20ms;
-
FLO shall provide at most 8 transport channels per basic physical subchannel;

-
FLO shall support a maximum of 4 active transport channels per radio packet per basic physical subchannel;

-
The size of the TFCI shall be limited to 5 bits, allowing a maximum of 32 different TFCs per basic physical subchannel;

-
A maximum of 32 different TFs is allowed per TrCH;

-
One RLC PDU cannot be mapped across multiple basic physical subchannels.

7.1
CRC Attachment

Error Detection is provided on each transport block through a cyclic redundancy check (CRC). The size of the CRC to be used is fixed on each TrCH and configured by Layer 3 (semi static attribute of the transport format): 0, 6, 12 or 18 bits. Code blocks are output from the CRC attachment. The entire transport block is used to calculate the parity bits. The parity bits are generated by one of the following cyclic generator polynomials, and appended to the transport block:

-
gCRC18(D) = D18 + D17 + D14 + D13 + D11 + D10 + D8 + D7 + D6 + D3 + D2 + 1


as in SACCH/TP

-
gCRC12(D) = D12 + D11 + D10 + D8 + D5 + D4 + 1

as in GPRS

-
gCRC6(D) = D6 + D5 + D3 + D2 + D + 1




as in TCH/AFS

The resulting upper limits for the residual bit error rate (RBER), listed in Table 1 below, fulfil the QoS requirements specified in 3GPP TS 23.107.

Table 1: RBER

	CRC Size
	RBER

	6 bits
	2.10-2

	12 bits
	2.10-4

	18 bits
	4.10-6


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 when the number of bits to be repeated or punctured for each transport channel is calculated. 

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 coding rate 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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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


[image: image13.wmf]j

i

j

i

j

i

j

i

N

Z

Z

N

,

,

1

,

,

-

-

=

D

-


for all i = 1 … I

For the calculation of the rate matching pattern of each TrCH i the following relations are defined: 
eplus  = 
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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.

7.6
Interleaving

The coded TFCI and the CCTrCH are interleaved together on bursts. The interleaving can be either block diagonal or block rectangular and is configured at call set-up. The interleaving is based on the following equations:

for k = 0,1,2, …K-1
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for block diagonal interleaving:
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for block rectangular interleaving:

 if   
[image: image33.wmf]0

2

mod

2

=

D

K

    then 
[image: image34.wmf]ú

û

ù

ê

ë

é

=

2

/

int

K

k

s




else s = 0


[image: image35.wmf](

)

(

)

ú

û

ù

ê

ë

é

+

ú

û

ù

ê

ë

é

+

´

´

=

M

D

k

M

D

J

s

k

M

D

j

2

mod

int

/

2

mod

49

2


where: 

j
is the position of the bit k within the burst b;

D 
is the interleaving depth in bursts;

J 
is the burst size in bits;

K
 is the size of the radio packet in bits (K = Nradio);

M
is the size of the radio packet in bursts (M = K / J ).
On full rate GMSK channels K = 464 and J = 116. On full rate 8PSK channels, K = 1392 and J = 348. 

On half rate GMSK channels, K = 232 and J = 116. On half rate 8PSK channels, K = 696 and J = 348.

For diagonal interleaving over 8 bursts (used on full rate channels), D = 8. The result of the interleaving is then a distribution of the reordered bits over 8 bursts, using the even numbered position of the first 4 bursts and the odd positions of the last 4 bursts. 
For diagonal interleaving over 4 bursts (used on half rate channels), D = 4. The result of the interleaving is then a distribution of the reordered bits over 4 blocks, using the even numbered position of the first 2 bursts and the odd positions of the last 2 bursts. 

For block rectangular interleaving over 4 bursts (used on full rate channels), the result is the combination of the first 4 bursts with the 4 last bursts of the result of a block diagonal interleaving over 2D bursts: block 0 and block 4, block 1 and block 5, block 2 and block 6, block 3 and block 7.

8.4.2.1
RLC non-transparent mode

Table 2 defines how to set the input parameters to the ciphering algorithm.

Table 2: Input parameters to the ciphering algorithm

	Input parameters
	Size in bits
	Settings

	
	
	RLC Mode
	Unack
	Ack

	Count
	32
	MSB
	HFN
	27 bits

0…134217727
	23 bits

0…8388607

	
	
	
	RBid indicator
	1 bit

1 (RBid available)

	
	
	LSB
	BSN
	4 bits

0…15
	8 bits

0…255

	Direction
	1
	
	Direction
	1 bit

0 (uplink)

1 (downlink)

	Bearer
	5
	
	RBid
	5 bits

0…31

	Length
	11
	
	Length in bits of the plain data to cipher
	11 bits

0…1370


NOTE:
these parameters are the same as for DCCH and TCH TBF modes, except the maximum length, which is higher.

9.3
Transport and physical channel configuration

When setting up a new connection, Layer 3 indicates to the lower layers the following parameters to configure the physical layer, the MAC sublayer and the RLC sublayer:

-
The transport channel identity (TrCH Id) and transport format set for each transport channel;

-
The transport format combination set (TFCS) through CTFC (see subclause 9.4);

-
Semi-static parameters for the configuration of the basic physical subchannel (see Table 3): channel mode (FR or HR), modulation (GMSK and/or 8PSK), interleaving (20ms rectangular or 40ms diagonal) and number of TrCHs.

To configure the transport format set, Layer 3 provides to the lower layers the following parameters for each transport channel:

-
The semi-static attributes (see Table 4): CRC size (0, 6, 12, or 18 bits) and the rate matching attribute (1 to 256). Semi-static attributes are common to all transport formats for one transport channel;

-
For each transport format, the dynamic attributes (see Table 5): TB size (1 to 1370 bits).

In order to address inactive transport channels in TFC(s), the first transport format of every TrCH is configured by default with the empty transport format. These default transport formats need not be signalled.

Each Layer 3 message, which can set up or reconfigure TrCH(s) has to provide the mentioned information to the lower layers. When releasing a TrCH, only the TrCH Ids are signalled.
Table 3: Basic physical subchannel parameters indicated by Layer 3

	Parameter
	Range/Value
	Comments

	Mode
	FR or HR
	Two channel modes

	Modulation
	GMSK and/or 8PSK
	Two modulation types

	Interleaving
	40ms diagonal
20ms rectangular
	


Table 4: Semi-static attributes indicated by Layer 3 for each TrCH

	Parameter
	Range/Value
	Comments

	CRC size
	0,6, 12 or 18
	Four CRC sizes

	Rate matching attribute
	1...256
	Same range as in UTRAN


Table 5: Dynamic attributes indicated by Layer 3 for each TF

	Parameter
	Range/Value
	Comments

	TB size
	1…1370
	Maximum obtained with 8PSK FR channel


The transport channels and the transport format combination set may be configured independently in the uplink and the downlink. Also, if the MS is configured to use multiple timeslots, the transport channels and the transport format combination set may be configured independently for each timeslot.

When configuring or reconfiguring the TFCS, Layer 3 can optionally include transport format combination subset information to restrict the transport format combinations within the TFCS that can be used. This information could be in the form of a “minimum allowed transport format combination index”, an “allowed transport format combination list”, a “non-allowed transport format combination list” or other to be defined.
When reconfiguring the transport channels or the TFCS, an incremental reconfiguration will be possible, i.e. it will be possible to signal only the parameters of the transport channels or the TFCs that are added, modified or deleted. After the reconfiguration, the configuration is still consistent. For example, when releasing a transport channel, all the TFCs that use that transport channel shall also be removed from the TFCS.

When releasing a connection, no specific FLO information is signalled by Layer 3.
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