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3.1
Abbreviations

In addition to abbreviations in 3GPP TR 21.905 [1] and 3GPP TS 22.060 [2] the following abbreviations apply:

ARQ
Automatic Repeat reQuest

BCS
Block Check Sequence

BEC
Backward Error Correction

BH
Block Header

CCN
Cell Change Notification

CFCCH
Compact Frequency Correction Channel

CPAGCH
Compact Packet Access Grant Channel

CPBCCH
Compact Packet Broadcast Control Channel

CPCCCH
Compact Packet Common Control Channel

CPPCH
Compact Packet Paging Channel

CPRACH
Compact Packet Random Access Channel

CSCH
Compact Synchronization Channel

CS
Coding Scheme

CU
Cell Update

DTM
Dual Transfer Mode

EGPRS
Enhanced GPRS

FBI
Final Block Indicator

FH
Frame Header

GGSN
Gateway GPRS Support Node

HCS
Header Check Sequence

IR
Incremental Redundancy
BTTI
Basic Transmission Time Interval
LLC
Logical Link Control

MAC
Medium Access Control

MBMS
Multimedia Broadcast/Multicast Service

MCS
Modulation and Coding Scheme

MPRACH
MBMS Packet Random Access Channel

NSS
Network and Switching Subsystem

PACCH
Packet Associate Control Channel

PAGCH
Packet Access Grant Channel

PBCCH
Packet Broadcast Control Channel

PC
Power Control

PCCCH
Packet Common Control Channel

PDCH
Packet Data Channel

PDTCH
Packet Data Traffic Channel

PDU
Protocol Data Unit

PFC
Packet Flow Context

PFI
Packet Flow Indentifier

PL
Physical Link

PPCH
Packet Paging Channel

PRACH
Packet Random Access Channel

PSI
Packet System Information

PTCCH
Packet Timing Advance Control Channel

p-t-m
point-to-multipoint

RLC
Radio Link Control

RTTI
Reduced Transmission Time Interval
SGSN
Serving GPRS Support Node 

SNDC
Subnetwork Dependent Convergence

TA
Timing Advance

TBF
Temporary Block Flow

TFI
Temporary Frame Identity

TTI
Transmission Time Interval
USF
Uplink State Flag

------------------------------------   NEXT CHANGE   -----------------------------------

3.3.5 Reduced TTI configuration

In a reduced TTI configuration, a downlink TBF assignment consists of 2*x PDCHs (x= 1…8), i.e. the PDCHs are paired, resulting in up to 8 PDCH pairs per TBF, so that a reduced TTI can be realized. The two PDCHs constituting a downlink PDCH pair are not necessarily contiguous. In the downlink the two PDCHs, constituting a PDCH pair, may be on different carriers (two carriers at maximum), see sub-clause 3.3.4. In a reduced TTI configuration, an uplink TBF assignment consists of 2*y PDCHs (y= 1…4), i.e. the PDCHs are paired, resulting in up to 4 PDCH pairs per TBF, so that a reduced TTI can be realized. The two PDCHs constituting an uplink PDCH pair are not necessarily contiguous. 

A radio block consisting of four bursts is sent using an allocated PDCH pair during two consecutive TDMA frames where two of four bursts are sent on one PDCH while the remaining two are sent on the other. 
The PDCH pair(s) where the PACCH can be allocated may be different from the PDCH pair(s) in the opposite direction (e.g. when TBF is assigned a downlink PDCH pair consisting of PDCHs belonging to different downlink carriers and the uplink PACCH is assigned two PDCHs on same uplink carrier).
NOTE: 
The term “Basic TTI configuration” is used when a radio block is sent using one PDCH while the term reduced TTI configuration is used when a radio block is sent using a PDCH pair.   

For a given mobile station, in each direction, the same TTI configuration shall be used for all TBFs (and PACCHs) assigned with one or more PDCH(s) in common in that direction. If a TBF is assigned on completely different PDCH(s) the TTI used may be different.

A PDCH may be shared between reduced TTI and basic TTI TBFs (assigned to different mobile stations). A PDCH pair may also be assigned to only support reduced TTI TBFs.
Reduced TTI configuration is not supported in GPRS mode.
------------------------------------   NEXT CHANGE   -----------------------------------

5
Mapping of packet data logical channels onto physical channels

NOTE: 
The text in this clause is informative. The normative text is in 3GPP TS 45.002 [11]. Where there is a conflict between these descriptions, the normative text has precedence.

5.1
General

Different packet data logical channels can occur on the same physical channel (i.e. PDCH). The sharing of the physical channel is based on blocks of 4 consecutive bursts of one specific PDCH in 4 consecutive TDMA frames (for basic TTI configuration) or 2 bursts on each PDCH within a PDCH pair in 2 consecutive TDMA frames (for a reduced TTI configuration), except for PTCCH. The TBFs using reduced TTI and the TBFs using basic TTI sharing the same physical channel need to coexist within the overall block structure specified for the basic TTI. As such, for each assigned PDCH pair corresponding to a reduced TTI TBF, two consecutive reduced TTI radio blocks must be allocated within the time period spanned by a single radio block sent using the basic TTI. Each of the two reduced TTI radio blocks in this block structure could be allocated to different MSs or one of the reduced TTI blocks could be empty if not needed. The mapping in frequency of PDCH on to the physical channel shall be as defined in 3GPP TS 45.002 [11].

A PDCH may be either full-rate (PDCH/F) or half-rate (PDCH/H). PDCH/H is only applicable to DTM. See 3GPP TS 45.002 [11]. PDCH/H is not applicable for a reduced TTI configuration.
GPRS and EGPRS employ the same physical layer, except for the PDTCH.

On PRACH, CPRACH, MPRACH and PTCCH/U, access bursts are used. On all other packet data logical channels, radio blocks comprising 4 normal bursts are used. The only exception is some messages on uplink PACCH which comprise 4 consecutive access bursts (to increase robustness). 

Only a PDTCH and PACCH can operate using a reduced TTI configuration. MBMS can not use the reduced TTI configuration.  
------------------------------------   NEXT CHANGE   -----------------------------------

5.5
Packet Traffic Channels

5.5.1
Packet Data Traffic Channel (PDTCH)

PDTCH is mapped onto one or two physical channel(s) (PDCH).

For one TBF, up to eight PDCHs, with different timeslot numbers but with the same frequency parameters, may be assigned to one MS at the same time. In the case of p-t-m transmission for MBMS, up to five downlink PDCH/Fs, with different timeslot numbers but with the same frequency parameters, may be assigned for one broadcast or multicast session.
In the case of a downlink dual carrier configuration, up to 16 PDCHs may be assigned to one MS at the same time.

5.5.2
Packet Associated Control Channel (PACCH)

PACCH is dynamically allocated on a radio block basis on the same physical channel(s) used for carrying PDTCHs. However, one block PACCH allocation is also used on the physical channel carrying only PCCCH, when the MS is polled to acknowledge the initial assignment message.

PACCH is of a bi-directional nature, i.e. it can dynamically be allocated both on the uplink and on the downlink regardless on whether the corresponding PDCH assignment is for uplink or downlink.

If an MS is assigned one or more PDCH(s) on the uplink then, in the case of dynamic allocation (see subclause 6.6.4.4) the corresponding downlink timeslots have to be continuously monitored by the MS for possible occurrences of PACCH; in the case of extended dynamic allocation (see subclause 6.6.4.4), only the downlink timeslot corresponding to the lowest numbered assigned uplink timeslot has to be continuously monitored by the MS for possible occurrences of PACCH. The MS can use an uplink allocation for sending PACCH blocks whenever needed.

In case of a downlink dual carrier configuration, PACCH blocks may be sent on the downlink on both radio frequency channels simultaneously.

If an MS is assigned one or more PDCH(s) on the downlink, every occurrence of an uplink PACCH block is determined by polling in one of the preceding downlink blocks (transferred on the same PDCH(s)). The network can use the downlink assignment for sending PACCH blocks whenever needed.

NOTE:
Further requirements on PACCH operation are contained in 3GPP TS 44.060.

------------------------------------   NEXT CHANGE   -----------------------------------
6.1.2
Multiframe structure for PDCH

NOTE: 
The text in this clause is informative. The normative text is in 3GPP TS 45.002 [11]. Where there is a conflict between these descriptions, the normative text has precedence.

The mapping in time of the logical channels is defined by a multiframe structure. The multiframe structure for PDCH in a basic TTI configuration consists of 52 TDMA frames, divided into 12 blocks (of 4 frames), 2 idle frames and 2 frames used for the PTCCH according to Figure 2.

52 TDMA Frames
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Figure 2: Multiframe structure for PDCH

The multiframe structure for a reduced TTI configuration (2 PDCHs) is shown in Figure 2a. It follows the same multiframe structure for PDCH in a basic TTI configuration. 
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Figure 2a: Multiframe structure when a reduced TTI configuration is used. Two PDCHs are used. 

The mapping of logical channels onto the radio blocks is defined in the rest of this subclause by means of the ordered list of blocks (B0, B6, B3, B9, B1, B7, B4, B10, B2, B8, B5, B11).

One  PDCH that contains PCCCH (if any) is indicated on BCCH. That PDCH is the only one that contains PBCCH blocks. On the downlink of this PDCH, the first block (B0) in the ordered list of blocks is  used as PBCCH. If required, up to 3 more blocks on the same PDCH can be used as additional PBCCH. Any additional PDCH containing PCCCH is indicated on PBCCH. 

On any PDCH with PCCCH (with or without PBCCH), the next up to 12 blocks in the ordered list of blocks are used for PAGCH, PNCH, PDTCH or PACCH in the downlink. The remaining blocks in the ordered list are used for PPCH, PAGCH, PNCH, PDTCH or PACCH in the downlink. In all cases, the actual usage of the blocks is indicated by the message type. On an uplink PDCH that contains PCCCH, all blocks in the multiframe can be used as PRACH, PDTCH or PACCH. Optionally, the first blocks in the ordered list of blocks can only used as PRACH. The MS may chose to either ignore the USF (consider it as FREE) or use the USF to determine the PRACH in the same way as for the other blocks. 

The mapping of channels on multiframes are controlled by several parameters broadcast on PBCCH.

On a PDCH that does not contain PCCCH, all blocks can be used as PDTCH or PACCH. The actual usage is indicated by the message type.

Two frames are used for PTCCH (see 3GPP TS 45.002 [11] ) and the two idle frames as well as the PTCCH frames can be used by the MS for signal measurements and BSIC identification.

------------------------------------   NEXT CHANGE   -----------------------------------
6.5.5.1.2
Channel coding for EGPRS PDTCH

Nine different modulation and coding schemes, MCS-1 to MCS-9, are defined for the EGPRS Radio Blocks carrying RLC data blocks. The block structures of the coding schemes are shown from Figure 10 to Figure 18 and in Table 4. A general description of the MCSs is given in Figure 9.

The MCSs are divided into different families A, B and C. Each family has a different basic unit of payload: 37 (and 34), 28 and 22 octets respectively. Different code rates within a family are achieved by transmitting a different number of payload units within one Radio Block. For families A and B, 1, 2 or 4 payload units are transmitted, for family C, only 1 or 2 payload units are transmitted.

When 4 payload units are transmitted (MCS-7, MCS-8 and MCS-9), these are splitted into two separate RLC blocks (i.e. with separate sequence numbers and BCSs). These blocks in turn are interleaved over two bursts only, for MCS-8 and MCS-9. For MCS-7, these blocks are interleaved over four bursts. All the other MCSs carry one RLC block which is interleaved over four bursts. When switching to MCS-3 or MCS-6 from MCS-8, 6 padding octets are added to the data octets.
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Figure 9: General description of the Modulation and Coding Schemes for EGPRS

To ensure strong header protection, the header part of the Radio Block is independently coded from the data part of the Radio Block (8 bit CRC calculated over the header -excl. USF- for error detection, followed by rate 1/3 convolutional coding –and eventually puncturing- for error correction). Three different header formats are used, one for MCS-7,  MCS-8 and MCS-9, one for MCS-5 and MCS-6 and one for MCS-1 to MCS-4. The two first formats are for 8PSK modes, the difference being in the number of Sequence Numbers carried (2 for MCS-7, -8 and -9, 1 for MCS-5 and –6). The third format is common to all GMSK modes. The header is always interleaved over four bursts. See 3GPP TS 44.060 [7] for more details.

Following figures show the coding and puncturing for all the Modulation and Coding Schemes, for downlink traffic.

NOTE: 
The USF and SB fields shown in Figures 10 to 18 may be mapped  in another way when a reduced TTI configuration is used, see 3GPP TS 45.002 for details.
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Figure 10: Coding and puncturing for MCS-9; uncoded 8PSK, two RLC blocks per radio block
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Figure 11: Coding and puncturing for MCS-8; rate 0.92 8PSK, two RLC blocks per radio block
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Figure 12: Coding and puncturing for MCS-7; rate 0.76 8PSK, two RLC blocks per radio block
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Figure 13: Coding and puncturing for MCS-6; rate 0.49 8PSK, one RLC block per radio block
[image: image8.wmf]P2

P1

puncturing

1404 bits

USF

RLC/MAC

Hdr

.

Data = 56 octets = 448 bits

BCS

36 bits

Rate 1/3 

convolutional coding

99 bits

468 bits

1248 bits

100 bits

36 bits

SB = 8

1392 bits

33 bits

TB

E

FBI

HCS

3 bits

1248 bits

+1 bit


Figure 14: Coding and puncturing for MCS-5; rate 0.37 8PSK, one RLC block per radio block
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Figure 15: Coding and puncturing for MCS-4; uncoded GMSK, one RLC block per radio block
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Figure 16: Coding and puncturing for MCS-3; rate 0.85 GMSK, one RLC block per radio block
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Figure 17: Coding and puncturing for MCS-2; rate 0.66 GMSK, one RLC block per radio block
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Figure 18: Coding and puncturing for MCS-1; rate 0.53 GMSK, one RLC block per radio block
The USF has 8 states, which are represented by a binary 3 bit field in the MAC Header. The USF is encoded to 12 symbols similarily to GPRS, (i.e., 12 bits for GMSK modes and 36 bits for 8PSK modes).
The FBI (Final Block Indicator) bit and the E (Extension) bit defined in 3GPP TS 44.060 [7] do not require extra protection: they are encoded along with the data part.

The first step of the coding procedure is to add a Block Check Sequence (BCS) for error detection.

The second step consists of adding six tail bits (TB) and a 1/3 rate convolutional coding for error correction that is punctured to give the desired coding rate. The Pi for each MCS correspond to different puncturing schemes achieving the same coding rate. The bits indicating the MCS used are in the coded header. In both 8PSK and GMSK modes the stealing bits (SB) of the block are used to indicate the header formats. There are eight SB for 8PSK mode which allow to indicate four header formats. There are twelve SB for GMSK mode which allow to indicate two header formats: the first eight of the twelve SB indicate CS-4.

Note that the mapping of USFs and SB bits onto PDCHs/bursts in a reduced TTI configuration may be different than shown in Figures 10-18. In a reduced TTI configuration, two bursts of a radio block are mapped on one PDCH while the other two bursts are mapped onto the second PDCH of a PDCH pair. A BTTI USF belongs to one PDCH and is mapped on four consective bursts transmitted on that PDCH, i.e. two bursts belongs to one RTTI radio block while the other two bursts belong to another RTTI radio block. The mapping allows for multiplexing basic TTI and reduced TTI TBFs on same PDCH. The detailed mapping is defined in 3GPP TS 45.002.
The details of the EGPRS coding schemes are shown in table 4. The data rates exclude the RLC/MAC header(s).

Table 4: Coding parameters for the EGPRS coding schemes 

	Scheme
	Code rate
	Header Code rate
	Modulation
	RLC blocks per Radio Block 
	Raw Data within one Radio Block
	Family
	BCS
	Tail payload
	HCS
	Data rate per PDCH
kb/s

	MCS-9
	1.0
	0.36
	8PSK
	2
	2x592
	A
	2x12
	2x6
	8
	59.2

	MCS-8
	0.92
	0.36
	
	2
	2x544
	A
	
	
	
	54.4

	MCS-7
	0.76
	0.36
	
	2
	2x448
	B
	
	
	
	44.8

	MCS-6
	0.49
	1/3
	
	1
	592

48+544
	A
	12
	6
	
	29.6

27.2

	MCS-5
	0.37
	1/3
	
	1
	448
	B
	
	
	
	22.4

	MCS-4
	1.0
	0.53
	GMSK
	1
	352
	C
	
	
	
	17.6

	MCS-3
	0.85
	0.53
	
	1
	296

  48+248 and 296
	A
	
	
	
	14.8

13.6

	MCS-2
	0.66
	0.53
	
	1
	224
	B
	
	
	
	11.2

	MCS-1
	0.53
	0.53
	
	1
	176
	C
	
	
	
	8.8

	NOTE:
The italic captions indicate the 6 octets of padding when retransmitting an MCS-8 block with MCS-3 or MCS-6. For MCS-3, the 6 octets of padding are sent every second block (see 3GPP TS 44.060).


------------------------------------   NEXT CHANGE   -----------------------------------
6.5.7.2.1
Mapping on the multiframe structure

Figure 19 shows the mapping of the uplink access bursts and downlink TA-messages on groups of eight 52-multiframes:

-
the TAI value shows the position where a slot is reserved for a MS to send an access burst (e.g. T1 means 52-multiframe number n and idle slot number 2). TAI value defines the used PTCCH sub-channel.

-
every second PDCH multiframe starts a downlink TA-message.
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Figure 19: Mapping of the uplink access bursts and downlink timing advance signalling messages (the figure applies also for the reduced TTI since the same 52-multiframe allocation of PTCCH and idle frames applies also for the reduced TTI configuration)
The BTS shall update the timing advance values in the next TA-message following the access burst. To illustrate this, an MS that transmits an access burst in frames numbered 0, 2, 4, or 6 receives its updated timing advance value in TA message 2. This MS can also find this updated timing advance value in subsequent TA messages 3, 4, and 1, but only has to read these if TA message 2 was not received correctly.

An MS entering the Transfer state shall ignore the TA-messages until the MS has sent its first access burst. This is to avoid the use of timing advance values, derived from access bursts sent by the MS that previously used the same TAI.

------------------------------------   NEXT CHANGE   -----------------------------------
6.6.4.1.1
Uplink State Flag: Dynamic Allocation

6.6.4.1.1.1
Multiplexing of GPRS or EGPRS MSs

The Uplink State Flag (USF) is used on PDCH to allow multiplexing of Radio blocks from a number of MSs. USF is used in dynamic and extended dynamic medium access modes. USF is used only in downlink direction.

The USF comprises 3 bits at the beginning of each Radio Block that is sent on the downlink. It enables the coding of 8 different USF states which are used to multiplex the uplink traffic.

In a reduced TTI configuration the USF is mapped on four consecutive bursts transmitted on a single PDCH but belonging to two different RTTI radio blocks. If only reduced TTI configurations are allowed on the two PDCHs of a PDCH pair, the USF shall be sent on the four bursts corresponding to the RTTI radio block transmitted on the paired PDCHs. The actual mode of operation is selected and signalled at TBF set-up.
On PCCCH, one USF value is used to denote PRACH. The other USF values are used to reserve the uplink for different MSs. On PDCHs not carrying PCCCH, the eight USF values are used to reserve the uplink for different MSs. On a PDCH carrying MPRACH (whether it carries PCCCH or not), one USF value is used to denote MPRACH; this value is indicated by the network in the notification message (see 3GPP TS 44.060). One USF value shall be used to prevent collision on uplink channel, when MS without USF is using uplink channel. The USF points either to the next uplink Radio Block or the sequence of 4 uplink Radio Blocks starting with the next uplink Radio Block.
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