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Proposed text to 43.051: Chapter 6.8

This documents proposes some changes to 43.051, GERAN Stage 2. The changes are:

1. Removal of editors note on encryption.

2. Insertion of the O-TCH and E-TCH traffic channels.

3. Insertion of SDCCH in the list of dedicated control channels in Section 6.8.3.2.3.

4. Clarification that whether a physical subchannel is dedicated or not does not depend on the MAC mode (Section 6.4).

5. Insertion of definitions of dedicated and shared physical subchannel according to the above point (Section 6.4.1 and 6.4.2).

6. Insertion of the O prefix in Table 3.

6.8
Physical Layer (Phy)

The physical layer (layer 1) is the lowest layer in the OSI Reference Model and it supports all functions required for the transmission of bit streams on the physical medium. This section provides an overview on services and functions provided by the Physical Layer. A detailed description of the physical layer is given in [Ref: 05 series].
6.8.1 Definitions

A physical channel uses a combination of frequency and time division multiplexing and is defined as a sequence of radio frequency channels and time slots. The complete definition of a particular physical channel consists of a description in the frequency domain, and a description in the time domain (see GSM 05.02).
A logical channel is defined by the type of data which is transferred and characterized by parameters such as channel coding and interleaving. It can be uni-directional or bi-directional [05.02]. Example: PDTCH/U, TCH/FS 

A channel combination is defined as the combination of logical channels that is mapped on a certain physical channel [05.02]. Example:  TCH/FS+FACCH/F+SACCH/TF

A physical subchannel is defined as a physical channel or a part of a physical channel and an associated multiframe structure. Example: PDCH, DPSCH/F.

6.8.2 Services provided to upper layer

The physical layer interfaces the Medium Access Control (MAC) sub-layer of Layer 2 and the Radio Resource Control (RRC) sub-layer of Layer 3. Through Service Access Points (SAP), the physical layer offers services described below:

· Access capabilities:  

The physical layer offers logical channels and the transmission services associated to higher layers. Logical channels are multiplexed either in a fixed predefined manner (multiframe structure) or dynamically by the MAC on physical subchannels. Physical subchannels are the units scheduled on the radio medium. Some are reserved by the network for common use (e.g. for use by a combination of CCCH and BCCH), others are assigned to dedicated connections with MSs (dedicated physical subchannels), or are assigned to a shared usage between MSs (shared physical subchannels). 

· Error detection: 

The physical layer offers an error protected transmission service, it includes error detection functions and to a lower level, error correction functions. Erroneous received frames may be notified to upper layer and, depending on the need of the upper layer, offered to it. The probability of one or more errors in a physical block transferred by the physical layer is defined in [Ref: GERAN'00 Phy - 05.05]. Due to non specified methods of quality detection, the probability of residual errors in transferred blocks may vary between implementations.


6.8.2.1 Specific services of the physical layer in the MS

· Measurement of the signal strength of neighbouring base stations. Measurements are transferred to layer 3.

· Measurement of the signal quality of the physical subchannel used. Measurements are transferred to the MAC layer for reporting to the base station.

· Cell/PLMN selection in idle mode or in packet mode. In idle mode or in packet mode, the physical layer selects the best cell with its BCCH/CCCH (CPBCCH/CCCCH only for COMPACT and for packet mode only) in close co‑operation with layer 3, meeting requirements for PLMN selection specified in [Ref: GERAN'00 Phy - 02.11]. 

6.8.3 Logical Channels

6.8.3.1 Traffic channels

Traffic channels of type TCH are intended to carry either encoded speech or user data on physical subchannel in dedicated MAC mode. TCH can be either full rate (TCH/F), half rate (TCH/H) or quarter rate TCH (TCH/Q).
Traffic channels of type O-TCH are intended to carry either encoded speech or user data on physical subchannel in dedicated MAC mode. O-TCH can be either full rate (O-TCH/F), half rate (O-TCH/H) or quarter rate (O-TCH/Q).

Traffic channels of type E-TCH are intended to carry user data on dedicated physical subchannels. 
Packet data traffic channels (PDTCH) are intended to carry user data on physical subchannels in either dedicated or shared MAC mode. PDTCH’s can be either full rate (PDTCH/F) or half rate (PDTCH/H).

6.8.3.2 Control channels

Control channels carry signalling or synchronization data. Four categories of control channels are defined: broadcast, common, dedicated control channels and cell broadcast channels. Specific channels within these categories are defined in the subclauses following.

6.8.3.2.1 Broadcast channels

GERAN shall reuse R99 broadcast channels. Any addition shall be made in a backwards compatible manner.

6.8.3.2.2 Common control type channels

GERAN common control type channels shall be based on R99 common control type channels. Any addition shall be made in a backwards compatible manner.

6.8.3.2.3 Dedicated control channels

On a dedicated physical subchannel:

i) The Fast Associated Control channel (FACCH) associated to one TCH. FACCH can either be full rate (FACCH/F), half rate (FACCH/H) or quarter rate (FACCH/Q) depending whether it is associated to a full rate, half rate or quarter rate TCH.

ii) The Packet Associated Control channel (PACCH) associated to one PDTCH: The PACCH is bi-directional. PACCH/U is used for the uplink and PACCH/D for the downlink. PACCH can either be full rate (PACCH/F) or half rate (PACCH/H) depending whether it is associated to a full rate or half rate PDTCH.

iii) The Slow Associated Control channel (SACCH) associated to one TCH and/or PDTCH. SACCH can either be full rate (SACCH/TF), half rate (SACCH/TH) or quarter rate (SACCH/TQ) depending whether it is associated to a full rate, half rate or quarter rate traffic channel.

iv) The Stand-alone Dedicated Control Channel (SDCCH) is a bi-directional dedicated control channel whose allocation is not linked to the allocation of a TCH [GSM 44.003].
v) Inband signalling associated to one TCH is for FFS.

On a shared physical subchannel:

i)
The Packet Associated Control channel (PACCH): The PACCH is bi-directional. PACCH/U is used for the uplink and PACCH/D for the downlink. PACCH can either be full rate (PACCH) or half rate (PACCH/H) depending whether it is associated to a full rate or half rate PDTCH.

ii)
The Packet Timing advance Control CHannel uplink (PTCCH/U): Used to transmit random access bursts to allow estimation of the timing advance for one MS in packet transfer mode.

iii)
The Packet Timing advance Control CHannel downlink (PTCCH/D): Used to transmit timing advance updates for several MS. One PTCCH/D is paired with several PTCCH/U's.

6.8.3.2.4 Cell Broadcast Channel (CBCH)

GERAN shall reuse R99 cell broadcast channel.

6.8.4 Physical Subchannels

A physical subchannel can either be dedicated or shared.

All physical subchannels are bi-directional unless otherwise stated. 

6.8.4.1 DPSCH - Dedicated Physical SubCHannel

A DPSCH is for only one user and it always has an associated SACCH. A DPSCH can either be full rate, half rate or quarter rate.

6.8.4.2 SPSCH - Shared  Physical SubCHannel

An SPSCH is for one or more users and always has an associated PTCCH. A SPSCH can either be full rate or half rate.

6.8.5 Mapping of logical channels onto physical subchannels

6.8.5.1 DPSCH full rate

Excluding CBCH, broadcast channels and common control type channels, the following channel combinations are possible for a DPSCH full rate:

i) TCH/F + FACCH/F + SACCH/TF

ii) TCH/F + FACCH/F + SACCH/TF  + PDTCH/F + PACCH/F

iii) PDTCH/F + PACCH/F + SACCH/TF

iv) E-TCH/F + FACCH/F + SACCH/TF
v) O-TCH/F + O-FACCH/F + SACCH/TF
6.8.5.1.1 Multiframe mapping of logical channels onto DPSCH/F

Figure 1 shows the multiframe mapping of the logical channels for DPSCH/F.
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Figure 1. DPSCH/F – Multiframe mapping of logical channels

6.8.5.2 DPSCH half rate

The following channel combinations are possible for a DPSCH half rate:

i) TCH/H + FACCH/H + SACCH/TH

ii) O-TCH/H + O-FACCH/H + SACCH/TH

iii) TCH/H + FACCH/H + SACCH/TH  + PDTCH/H + PACCH/H 

iv) PDTCH/H + PACCH/H + SACCH/TH

6.8.5.2.1 Multiframe mapping of logical channels onto DPSCH/H

Figure 2 shows the multiframe mapping of the logical channels for DPSCH/H. 
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Figure 2. DPSCH/H – Multiframe mapping of logical channels

6.8.5.3 DPSCH quarter rate

The following channel combination is possible for a DPSCH quarter rate:

O-TCH/Q + OFACCH/Q + O-SACCH/TQ

6.8.5.3.1 Multiframe mapping of logical channels onto DPSCH/Q

Figure 3 shows the multiframe mapping of the logical channels for DPSCH/Q.
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Figure 3. DPSCH/Q – Multiframe mapping of logical channels

6.8.5.4 SPSCH full rate

Excluding CBCH, broadcast channels and common control type channels, the following channel combination is possible for a SPSCH full rate:

PDTCH/F + PACCH/F + PTCCH/F

6.8.5.4.1 Multiframe mapping of logical channels onto SPSCH/F

Figure 4 shows the multiframe mapping of the logical channels for SPSCH/F. Only half of the 52-multiframe is shown, the second half being identical to the first one.
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Figure 4. SPSCH/F – Multiframe mapping of logical channels

6.8.5.5 SPSCH half rate

The following channel combination is possible for a SPSCH half rate:

PDTCH/H + PACCH/H + PTCCH/H

6.8.5.5.1 Multiframe mapping of logical channels onto SPSCH/H

Figure 5 shows the multiframe mapping of the logical channels for SPSCH/F. Only half of the 52-multiframe is shown, the second half being identical to the first one.
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Figure 5. SPSCH/H – Multiframe mapping of logical channels

6.8.6 Physical Layer Functions

An overview of the functions which create the services of the physical layer can be found in [Ref: GERAN'00 Phy - 05.01].

6.8.7 Channel Coding

Table 2 gives an overview of the logical traffic channels with the corresponding type of channel and their mapping to physical subchannel. The list shall be considered as the possible, but not mandatory, channels.

Table 2: Channel Coding
Logical Channel
Mod.
Radio Block / Frame Size (Bits)
SB (1)
Channel Coding
Interleaving
Physical Subchannel





Type
Rate
Type
Depth (bursts)


TCH/FS [tbd] (2)
GMSK
464
8
CC
13 kbps
diag
8
DPSCH/F

TCH/EFS [tbd] (2)
GMSK
464
8
CC
12.2 kbps
diag
8
DPSCH/F

TCH/WFS [tbd] (3)
GMSK
464
8
CC
[tbc]
diag
8
DPSCH/F

O-TCH/WFS[tbd] (3)
8PSK
1392
24
CC
[tbc]
diag
8
DPSCH/F

O-TCH/WHS [tbd] (3)
8PSK
696
12
CC
[tbc]
diag
4
DPSCH/H

TCH/HS [tbd] (2)
GMSK
232
4
CC
5.6 kbps
diag
4
DPSCH/H

TCH/AFS
GMSK
464
8
CC
TCH/AFS4.75
TCH/AFS5.15
TCH/AFS5.90
TCH/AFS6.70
TCH/AFS7.40
TCH/AFS7.95
TCH/AFS10.2
TCH/AFS12.2
diag
8
DPSCH/F

TCH/AHS
GMSK
232
4
CC
TCH/AHS4.75
TCH/AHS5.15
TCH/AHS5.90
TCH/AHS6.70
TCH/AHS7.40
TCH/AHS7.95
diag
4
DPSCH/H

O-TCH/AHS
8PSK
696
12
CC
O-TCH/AHS4.75
O-TCH/AHS5.15
O-TCH/AHS5.90
O-TCH/AHS6.70
O-TCH/AHS7.40
O-TCH/AHS7.95
O-TCH/AHS10.2
O-TCH/AHS12.2
diag
4
DPSCH/H

O-TCH/AQS
8PSK
348
6
CC
O-TCH/AQS4.75
O-TCH/AQS5.15
O-TCH/AQS5.90
O-TCH/AQS6.70
O-TCH/AQS7.40
O-TCH/AQS7.95
O-TCH/AQS10.2
O-TCH/AQS12.2
diag
2
DPSCH/Q

TCH/F
GMSK
464
8
CC
TCH/F9.6
TCH/F14.4
diag
22
DPSCH/F 

E-TCH/F
8PSK
1392
24
RS+CC
E-TCH/F28.8
E-TCH/F32.0
diag
22
DPSCH/F 





CC
E-TCH/F43.2




PDTCH/F
GMSK
464
8+4
CC
MCS1-4
rect
4
SPSCH/F




8

CS1-4







8+4

MCS1-4


DPSCH/F




8

CS1-4







8+4

MCS1-4
ffs
ffs
DPSCH/F 




8

CS1-4





8PSK
1392
8

MCS5-9
rect
4
SPSCH/F




8

MCS5-9


DPSCH/F




8

MCS5-9
ffs
ffs
DPSCH/F 

PDTCH/H
GMSK
464
8+4
CC
MCS1-4
rect
4
SPSCH/H




8

CS1-4







8+4

MCS1-4


DPSCH/H




8

CS1-4







8+4

MCS1-4
ffs
ffs
DPSCH/H




8

CS1-4





8PSK
1392
8

MCS5-9
rect
4
SPSCH/H




8

MCS5-9


DPSCH/H




8

MCS5-9
ffs
ffs
DPSCH/H

(1) The number of Stealing Bits (SB) is ffs

(2) The possibility to establish TCH/EFS, TCH/FS, TCH/HS speech channels is to be decided by 3GPP SA2

(3) Wideband AMR speech service over TCH/WFS, O-TCH/WHS and O-TCH/WHS is still under study within 3GPP SA4.

CC: Convolutional Code

RS: Reed Solomon code

Editor's notes:

· The table above remains to be completed

· Except for the already existing logical channels, the 8PSK modulated logical channels are indicated by an "O-" prefix (as in Octal PSK).

Table 3 gives an overview of the logical control channels used for speech, and their associated logical traffic channel. 

Table 3: Speech related control channel coding

Logical Channel
Mod.
Radio Block / Frame Size (Bits)
SB (1)
Channel Coding
Interleaving
Associated logical traffic channel





Type
Rate
Type
Depth (bursts)


FACCH/F
GMSK
464
8
CC
9.2 kbps
diag
8
GMSK speech

O-FACCH/F
8PSK [tbd]
1392
24
CC
9.2  kbps
diag
8
8PSK speech

FACCH/H
GMSK
464
8
CC
4.6 kbps
diag
6
GMSK speech

O-FACCH/H
8PSK
1392
24
CC
4.6 kbps
diag
6
8PSK speech

O-FACCH/Q
8PSK
696
12
CC
4.6 kbps
diag
3
8PSK speech

SACCH/F
GMSK
464
8
CC
184/480 kbps
block
4
GMSK & 8PSK speech

SACCH/H
GMSK
464
8
CC
184/480 kbps
block
4
GMSK & 8PSK speech

O-SACCH/Q
8PSK
696
12
CC
184/480 kbps
block
2
8PSK speech

(1) The number of Stealing Bits (SB) is ffs

CC: Convolutional Code

Editor's notes:

· The table may be completed with other non speech related control channels
· Except for the already existing logical channels, the 8PSK modulated logical channels are indicated by an "O-" prefix (as in Octal PSK).
FACCH/Q performance may not be adequate to allow recovery under rapidly degrading channel conditions.  Whether any change is needed is FFS.























































































































































































































































































































