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Introduction:

RRC TFS signaling is used to define TB sizes for each TF allowed on specific TrCH’s. The number of possible TB sizes should be minimized to reduce the signaling load. It is also necessary to choose TB sizes wisely since RLC PDU padding can dramatically increase transmission overhead.

Discussion:

There is a maximum of 32 possible TB sizes in each TrCH’s TFS. Specifying all 32 results in a significant signaling load that should be avoided. Although it is also important to have as many choices as possible on transport channels which have variable transmissions since RLC AM & UM PDU’s will be padded to match the next larger TB size when the previous lower size is exceeded.

The relation between RLC PDU and TB sizes is as follows: TB Size = MAC Header Size + RLC PDU Size

In RLC AM and UM the PDU size is always octet aligned and in TDD a variable non-octet aligned MAC header exists. Therefore, MAC individual bit offsets must be taken into account when specifying the allowed TB sizes.

In TDD with the exception of DTCH/DCCH all logical channel combinations FACH and separately on RACH have the same bit offset (+2 bits for RACH and +3 bits for FACH when multiple logical channels are allowed). 

TDD RACH/FACH MAC Header Sizes by Logical Channel Type 

Logical CH
TrCH
TCTF Field
UE-id Type
UE-id
C/T Field 
Header Size

DCCH/DTCH
FACH
3
2
16/32
4
25/41

CCCH
FACH
3
N/A
N/A
N/A
3

CTCH
FACH
3
N/A
N/A
N/A
3

SHCCH
FACH
0/3 (Note 1)
N/A
N/A
N/A
0/3

BCCH
FACH
3
N/A
N/A
N/A
3









DCCH/DCCH
RACH
2
2
16
4
24

CCCH
RACH
2
N/A
N/A
N/A
2

SHCCH
RACH
0/2 (Note 1)
N/A
N/A
N/A
0/2

Note 1: SHCCH does not require TCTF when SHCCH is the only channel assigned to RACH or FACH. 

With the current MAC header definitions octet aligned AM & UM RLC payloads will result in two possible TB size bit offsets on RACH and FACH when multiple logical channel types are applied. Octet + 1 or 3 bits for FACH and octet + 0 or 2 bits for RACH. This potentially doubles the number of Transport Formats that need to be specified on RACH and FACH.

To increase the efficiency of TFS signaling and allow for more RLC PDU size choices, it is necessary to have a common TB size bit offset. Increasing MAC header sizes for CCCH, SHCCH, CTCH and BCCH, should be avoided since these channels operate in RLC TM and RLC segmentation is not possible. Therefore, the solution proposed is to increase the DCCH/DTCH TCTF by 2 bits on RACH and FACH. This results in common RACH TB sizes of octet+2, and FACH TB sizes of octet+3.

Another benefit of MAC header bit alignment is the ability to remove the UE and RNC layer 2 bit shifting requirement. The RLC generates and expects to receive octet aligned PDU’s. With variable bit shifted MAC headers only the UTRAN DL and UE UL MAC PDU’s could avoid layer 2 bit shifting by padding the MAC header and providing a padding indicator to the physical layer. This is not possible for the UE DL and UTRAN UL transmissions since physical layer is unaware of the logical channel type on RACH and FACH. 

If the TrCH bit offset is constant for all logical channel types supported the physical layer can pad the MAC header to octet align the UE DL and UTRAN UL. No padding indicator is needed in UL or DL since the padding is constant for the TrCH.
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The number of TB sizes for each TF allowed on specific TrCH’s needs to be minimised to reduce the layer 3 signalling load. It is also necessary to allow a maximum number of octet aligned RLC PDU sizes in AM and UM for efficient transfer of DCCH/DTCH data. In TDD mode bit shifted MAC headers potentially doubles the number of Transport Formats that need to be defined on RACH and FACH TrCH’s. Additionally, variable bit shifted MAC headers result in requiring layer 2 bit shifting for all UE DL and UTRAN UL transmissions on RACH and FACH. MAC header bit alignment is proposed to avoid duplication of TB size definitions for octet aligned RLC PDUs and layer 2 bit shifting. 
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9.2.1
MAC Data PDU: Parameters of the MAC header 

The following fields are defined for the MAC header:

-
Target Channel Type Field
The TCTF field is a flag that provides identification of the logical channel class on FACH and RACH transport channels, i.e. whether it carries BCCH, CCCH, CTCH, SHCCH or dedicated logical channel information. The size and coding of TCTF for FDD and TDD are shown in tables 9.2.1.1, 9.2.1.2 and 9.2.1.3. Note that the size of the TCTF field of FACH for FDD is either 2 or 8 bits depending of the value of the 2 most significant bits and for TDD is either 3 or 5 bits depending on the value of the 3 most significant bits. The TCTF of the RACH for TDD is either 2 or 4 bits depending on the value of the 2 most significant bits.
Table 9.2.1.1: Coding of the Target Channel Type Field on FACH for TDD

TCTF 
Designation

000
BCCH

001
CCCH

010
CTCH

01100
DCCH or DTCH

over FACH

01101-

01111
Reserved

(PDUs with this coding will be discarded by this version of the protocol)

100
SHCCH

101-111
Reserved

(PDUs with this coding will be discarded by this version of the protocol)

Table 9.2.1.2: Coding of the Target Channel Type Field on FACH for FDD

TCTF 
Designation

00
BCCH

01000000
CCCH

01000001-01111111
Reserved

(PDUs with this coding will be discarded by this version of the protocol)

10000000
CTCH

10000001-

10111111
Reserved

(PDUs with this coding will be discarded by this version of the protocol)

11
DCCH or DTCH

over FACH

Table 9.2.1.3: Coding of the Target Channel Type Field on USCH or DSCH (TDD only)

TCTF 
Designation

0
SHCCH

1
DCCH or DTCH over USCH or DSCH

Table 9.2.1.4: Coding of the Target Channel Type Field on RACH for FDD
TCTF 
Designation

00
CCCH

01
DCCH or DTCH

over RACH






10-11
Reserved

(PDUs with this coding will be discarded by this version of the protocol)

Table 9.2.1.x: Coding of the Target Channel Type Field on RACH for TDD
TCTF 
Designation

00
CCCH

0100
DCCH or DTCH

Over RACH

0101-

0111
Reserved

(PDUs with this coding will be discared by this version of the protocol)

10
SHCCH

11
Reserved

(PDUs with this coding will be discarded by this version of the protocol)

