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RLC/MAC Header formats on dedicated channels for eGb

 AUTONUM Introduction

In A/Gb mode the RLC/MAC protocol is used on shared control and traffic channels whilst LAPDm is used on dedicated control channels. For eGb it is likely that RLC/MAC will also be required on dedicated control and traffic channels, as is the case in Iu mode. This contribution looks at possible RLC/MAC header formats on dedicated control and traffic channels in eGb mode. In addition the impact of the introduction of FLO on these headers is considered. 

 AUTONUM Constraints on RLC/MAC header formats

 AUTONUMLGL Without FLO

 AUTONUMLGL PDTCH 

There may be cases when a PDTCH needs to be moved from a dedicated to shared channel or vice versa. Thus, in order to allow the possibility to maintain the RLC instance on moving the channel, it is beneficial for the RLC/MAC block formats for a PDTCH to be compatible on dedicated and shared channels. In addition it allows some procedures that were defined on shared channels to be reused on dedicated channels.

 AUTONUMLGL SDCCH, SACCH and FACCH

RLC/MAC was first introduced on SDCCH, SACCH and FACCH for Iu mode and thus the RLC/MAC header formats are optimised for this mode. A few minor changes are needed to these formats for eGb mode e.g. rename flow identifier field (RbId).

 AUTONUMLGL TCH

RLC/MAC was first introduced on TCH for Iu mode and thus the RLC/MAC header formats are optimised for this mode.  It is believed that this logical channel is not required for eGb.

 AUTONUMLGL With FLO

With the introduction of the Flexible Layer One there will no longer be a correspondence between logical channel type and channel coding at the physical layer. For this reason, new logical channels need to be introduced for FLO [2]. Given the current working assumptions it is thought that two types of logical channel should be sufficient: a FTCH (Flexible Traffic Channel) for U-plane data and a FFACCH(Flexible Fast Associated Control Channel) for C-plane traffic. The configuration of the logical channels, mapping to transport channels and the transport formats on these transport channels will be configured by the higher layers. 

FLO offers the possibility to multiplex different logical channels onto the same transport channel. For example it is possible to multiplex flows from different FTCHs on the same transport channels. In this case, a FTCH instance on a transport channel will be identified by a logical channel identifier, such as an TFI (Temporary Flow Identifier). It is also possible to multiplex different logical channels on different transport channels within a radio block. For example the FTCH and FFACCH blocks may be mapped onto different transport channels. The data on these transport channels may be encoded differently. 

In the case of using acknowledged mode RLC with EGPRS, it is essential that an RLC data block that is retransmitted is sent with a coding scheme belonging to the same coding scheme family as the original transmission. For FLO, each transport block within a radio block may be encoded with a different coding scheme. Hence the encoding of a radio block when FLO is supported is not likely to be compatible with a radio block when FLO is not supported. Thus it will not be possible to maintain an RLC instance on moving from a channel supporting FLO to a channel that does not support FLO. Thus, when defining RLC/MAC header formats for when FLO is supported, it is not necessary for these header formats to be compatible with a channel that does not support FLO.

 AUTONUMLGL Formats of RLC/MAC headers for Iu mode on dedicated channels

The format of the RLC/MAC headers on dedicated channels is given in 3GPP TS 44.160 sub-clauses 12.4 – 12.8.

 AUTONUMLGL PDTCH 

The format of the RLC/MAC headers on a PDTCH is very similar to that specified for a PDTCH on a shared channel, allowing a common set of procedures to be used for a PDTCH on dedicated and shared channels. However, some fields are redundant in the case of a dedicated channel eg CV, R fields. 

Some examples of the header formats for a TBF in EGPRS TBF mode are given below:

EGPRS uplink RLC/MAC header for MCS-7, MCS-8 and MCS-9 is shown in Figure 1.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	BSN2
	BSN1
	3

	BSN2
	4

	Spare
	PI
	RSB
	CPS
	5

	
	
	Spare
	6


Figure 1 EGPRS uplink RLC data block header for MCS-7, MCS-8 and MCS-9

EGPRS downlink RLC/MAC header for MCS-7, MCS-8 and MCS-9 is shown in Figure 2.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN1
	PR
	TFI
	2

	BSN1
	3

	BSN2
	BSN1
	4

	CPS
	BSN2
	5


Figure 2 EGPRS downlink RLC data block header for MCS-7, MCS-8 and MCS-9

In 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). An example is shown in Figure 3.
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Figure 3 Coding and puncturing for MCS-9; uncoded 8PSK, two RLC blocks per 20ms
 AUTONUMLGL TCH

The RLC/MAC header formats for uplink and downlink data transfer on a TCH are shown in Figure 4 and Figure 5 respectively.

	Bit

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	BSN
	1

	SI
	Spare
	P
	E
	2

	Length indicator
	M
	E
	3 (optional)

	…
	optional

	Length indicator
	M
	E
	M (optional)

	RLC data
	M+1

	
	

	
	
	
	
	
	
	
	
	N


Figure 4 Uplink RLC/MAC block for data transfer on TCH

	Bit

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	BSN
	1

	Spare
	P
	E
	2

	Length indicator
	M
	E
	3 (optional)

	…
	optional

	Length indicator
	M
	E
	M (optional)

	RLC data
	M+1

	
	

	
	
	
	
	
	
	
	
	N


Figure 5 Downlink RLC/MAC block for data transfer on TCH

 AUTONUMLGL Format of RLC/MAC headers for eGb mode on dedicated channels without FLO

It is assumed that the formats of these headers will be very similar to those defined for Iu mode in section 12 of 44.160 in order to minimise standardisation effort, except that the G-RNTI and RB id would be replaced with TLLI and TFI respectively.  The format depended on the logical channel type. The format of the headers for the PDTCH on dedicated channels (for both GPRS and EGPRS TBF modes) is as for a shared channel in order to be able to reuse existing procedures. For this case some of the fields that have been defined in the header are not used e.g. CV. The formats of the headers on the SDCCH, SACCH, FACCH and TCH should be optimised, as these logical channels do not exist on shared channels.

A summary of the fields that are present in the header of a PDTCH for a TBF in GPRS or EGPRS TBF mode is given Table 1 and Table 2.

	Field
	Direction Uplink(U)/

Downlink(D)
	Manadatory

(M)/

Optional(O)
	Size

(bits)
	Description

	PT
	U&D
	M
	2
	Payload Type

	CV
	D
	M
	4
	Countdown Value

	RRBP
	D
	M
	2
	Relative Reserved Block Period

	USF
	D
	M
	3
	Uplink State Flag

	SI
	U
	M
	1
	Stall Indicator

	PR
	D
	M
	2
	Power Reduction

	FBI
	D
	M
	1
	Final Block Indicator

	R
	U
	M
	1
	Retry

	PI
	U
	M
	1
	PFI Indicator

	TFI
	U&D
	M
	5
	TBF Identifier 

	TI
	U
	M
	1
	Indicates presence of TLLI

	BSN
	U&D
	M
	7
	Block Sequence number – suitable for window size of 64

	E
	U&D
	M/O
	1
	Extension bit 

	M
	U&D
	O
	1
	More bit

	LI
	U&D
	O
	6
	Length Indicator of LLC PDU 

	TLLI
	U
	O
	32
	TLLI – only present during contention resolution


Table 1 RLC/MAC Header fields for PDTCH in GPRS TBF Mode

	Field
	Direction

Uplink(U)/

Downlink(D)
	Manadatory

(M)/

Optional(O)
	Size

(bits)
	Description

	PT
	U&D
	M
	2
	Payload Type

	CV
	D
	M
	4
	Countdown Value

	RRBP
	D
	M
	2
	Relative Reserved Block Period

	USF
	D
	M
	3
	Uplink State Flag

	SI
	U
	M
	1
	Stall Indicator

	ES/P
	D
	M
	1
	EGPRS Supplementary/Polling

	PR
	D
	M
	2
	Power Reduction

	FBI
	D
	M
	1
	Final Block Indicator

	R
	U
	M
	1
	Retry

	PI
	U
	M
	1
	PFI Indicator

	TFI
	U&D
	M
	5
	TBF identifier

	TI
	U
	M
	1
	Indicates presence of TLLI

	BSN
	U&D
	M
	7-11
	Block Sequence number – suitable for window size of 1024

	E
	U&D
	M/O
	1
	Extension bit 

	SPB
	U
	M
	1
	Split Block Indicator

	CPS
	U&D
	M
	3-5
	Coding and Puncturing scheme – length depends on header format

	RSB
	U
	M
	1
	Resend Block Indicator

	LI
	U&D
	O
	7
	Length Indicator of LLC PDU 

	TLLI
	U
	O
	32
	TLLI – only present during contention resolution


Table 2 RLC/MAC Header fields for PDTCH in EGPRS TBF Mode

Note that in EGPRS the following RLC/MAC header fields are coded at the same rate as the data :- LI,E,FBI, TLLI, TI.

 AUTONUM Format of RLC/MAC headers for eGb mode on dedicated channels with FLO

The impact of FLO on the RLC and MAC layers is still under discussion for both Iu mode and eGb mode. Three important effects to consider are:-

· The coding of the transport blocks. Should all the bits of a transport block be encoded with the same protection?

· Scheduling of uplink TBFs. Currently, the scheduling in the uplink is determined by the network supplying an USF. However, with the introduction of FLO it makes sense for the MS to be responsible for scheduling in the uplink, thus there is no need for a USF.

· Using the TFCI to determine the logical channel type (FACCH, TCH etc)

 AUTONUMLGL Coding of transport blocks

With the Flexible Layer One, the encoding of the radio block is determined from the TFCI, which informs the receiver of the Transport Format Combination used (i.e the transport format on each of the transport channels: the transport format on a given transport channel identifies the encoding of the transport block). Thus it is not necessary for the RLC/MAC header to contain the CPS field (Coding and Puncturing Scheme).


The RLC/MAC block may be either transmitted in one transport block or across multiple transport blocks, as given below.

 AUTONUMLGL Transmit RLC/MAC header and payload in one transport block

This mechanism is very similar to the existing mechanism in GPRS and in UTRAN. In this case the RLC/MAC header and payload are coded in the same manner.

 AUTONUMLGL Transmit RLC/MAC header and payload in separate transport blocks 

This scheme allows a RLC/MAC header to be transmitted in one transport block and the associated payload in another transport block with a different coding scheme, as in the case of EGPRS. Both the header and payload would be transmitted within the same radio block. With this solution, a more robust coding scheme can be applied to the RLC/MAC header. One disadvantage of this scheme is that the number of transport channels that need to be defined increases, which as a consequence increases the amount of signalling at call set-up and handover. This scheme puts some restrictions on the transport format combinations as they need to be defined in such a way that the RLC/MAC header and payload are transmitted on separate transport channels within the same radio block.

In EGPRS the optional header fields (LI, E, TLLI) fields are transmitted with the same coding rate as the data. Thus the part of the header that is encoded with the ‘header coding rate’ is a fixed size for a given MCS.  Thus the number of transport formats that need to be defined for these headers is minimal. 

 AUTONUMLGL Scheduling of uplink TBFs

In GPRS and GERAN it is the responsibility of the network to schedule uplink TBFs that are mapped onto PDTCHs. The network schedules these TBFs by transmitting USF in downlink radio blocks. The USF indicates to the mobile station the TBF that may transmit in the next uplink radio block. 

However, in (E)GPRS, only one TBF can transmit per radio block, and that TBF can transmit only one RLC/MAC block (or two, in the case of MCS-7 to MCS-9). On the other hand, FLO will allow a higher degree of flexibility, giving the possibility to multiplex transport blocks from several transport channels onto the same radio block; this makes it very difficult for the network to manage the scheduling of uplink transmission, and would make the signalling of which TrCHs that are allowed to send data quite complicated (the solution using the USF would be inadequate). A possible solution would be to have the MS responsible for the scheduling of uplink data: the MS, will select the most appropriate TFC (among those contained in the TFCS), depending on which TrCH has data available to send. This approach is used in UTRAN. Scheduling of uplink data by the MS was discussed for Iu mode at Geran #7 [1].

The TFC selection should therefore be under the responsibility of the MS, which will choose the transport format combination that allows the most high priority data to be transmitted. It is FFS as to whether the algorithm should be standardised. Thus, when FLO is supported it is not necessary for the network to transmit the USF, thus saving 3 bits per downlink RLC/MAC block. 

 AUTONUMLGL Logical Channel Type

In in A/Gb mode stealing bits are used to indicate the presence of the FACCH on a dedicated channel. In addition in Iu mode, FACCH can be indicated by the ‘PT’ field in the RLC/MAC header. With FLO, when multiple transport blocks are encoded within one radio block it is not possible to indicate the presence of FACCH by using the stealing bits. For this situation it may be possible to identify the presence of FACCH from the encoding of the TFCI or from the ‘PT’ field in the RLC/MAC header.

Note: The TFCI needs to be decoded by the receiver first so that the contents of the radio block can be decoded. The size of the TFCI is dependent on the number of transport format combinations that have been defined. This information will be known to the MS on establishing the dedicated channel.

 AUTONUMLGL RLC/MAC headers fields required on FTCH supporting FLO

A summary of the fields that are present in the RLC/MAC header on a FTCH that supports FLO is given in Table 3.

	Field
	Direction

Uplink(U)/

Downlink(D)
	Required

Yes(Y)/

No(N)
	Size

(bits)
	Description

	PT
	U&D
	Y
	1
	Payload Type (FTCH/FFAACH)

	CV
	D
	N
	4
	Countdown Value

	RRBP
	D
	Y
	2
	Relative Reserved Block Period

	USF
	D
	N
	3
	Uplink State Flag

	SI
	U
	Y
	1
	Stall Indicator

	ES/P
	D
	Y
	1
	EGPRS Supplementary/Polling

	PR
	D
	Y
	2
	Power Reduction

	FBI
	D
	N
	1
	Final Bit Indicator

	R
	U
	N
	1
	Retry

	PI
	U
	N
	1
	PFI Indicator

	TFI
	U&D
	Y
	5
	TBF identifier

	TI
	U
	Y
	1
	Indicates presence of TLLI

	BSN
	U&D
	Y
	7-11
	Block Sequence number – size depends on maximum window size that is supported

	E
	U&D
	Y
	1
	Extension bit 

	SPB
	U&D
	N
	1
	Split Block Indicator

	CPS
	U&D
	N
	3-5
	Coding and Puncturing scheme – length depends on header format

	RSB
	U
	Y
	1
	Resend Block Indicator

	LI
	U&D
	Y
	7
	Length Indicator of LLC PDU 

	TLLI
	U
	Y
	32
	TLLI – only present during contention resolution


Table 3 RLC/MAC Header fields for FTCH supporting FLO

 AUTONUMLGL RLC/MAC headers fields required on FFACCH supporting FLO

A summary of the fields that are present in the RLC/MAC header on a FFACCH that supports FLO is given in Table 4.

	Field
	Direction

Uplink(U)/

Downlink(D)
	Required

Yes(Y)/

No(N)
	Size

(bits)
	Description

	PT
	U&D
	Y
	1
	Payload Type (FTCH/FFAACH)

	RRBP
	D
	Y
	2
	Relative Reserved Block Period

	USF
	D
	N
	3
	Uplink State Flag

	S/P
	D
	Y
	1
	Supplementary/Polling

	RBSN
	D
	Y
	1
	Reduced block sequence number

	RTI
	D
	Y
	5
	Radio Transaction Identifier

	FS
	D
	Y
	1
	Final Segment

	AC
	D
	Y
	1
	Address control – presence of TFI

	PR
	D
	Y
	2
	Power Reduction

	R
	U
	N
	1
	Retry

	TFI
	D
	Y
	5
	TBF identifier

	D
	D
	Y
	1
	Direction


Table 4 RLC/MAC Header fields for FFACCH supporting FLO

 AUTONUMLGL Incremental Redundancy

Incremental Redundancy was introduced into EGPRS in Release 99. When a RLC data block is retransmitted it is sent with a different coding than the original transmission. When the BTS receives a retransmitted RLC data block it may combine it with a previous transmission in order to form a block with no errors. To reduce the amount of processing within the BTS it is beneficial for the BTS to know whether the received block is a retransmission so as to avoid having to do an unnecessary search of its memory for a previous transmission. In EGPRS this can be achieved by use of the ‘RSB’ bit. 

With the introduction of FLO, the BTS still needs to know whether an incoming block is a retransmission. The RSB bit could still be used when FLO is supported.

 AUTONUMLGL Benefits of using FLO

The benefits of FLO include the following:-

· Multiplexing of data within a radio block. The data may be for the same logical channel or for different logical channels. This may result in a reduction in the amount of filler information being transmitted when concatenation is not possible or when there is insufficient data available to fill a radio block (eg at the end of a TBF).

· Removing the need for CPS, CV,FBI, PI, SPB, R and USF fields (6-8 bits in Uplink and 12-14 bits in Downlink) on the FTCH

· Removing the need for R and USF fields (3 bits in Downlink and 1 bit in Uplink) on the FFACCH

FLO offers little benefit in situations when large LLC PDUs are transmitted, as the majority of the RLC/MAC data blocks in this situation will contain no padding or filler information.

 AUTONUMLGL Conclusion

The RLC/MAC header formats for dedicated channels in eGb mode when FLO is not supported should be made compatible with those on shared channels. This allows the possibility that the RLC need not always be reset on moving the logical channel from a dedicated channel to a shared channel. In addition it allows the reuse of existing procedures.

There is no need to ensure compatibility of RLC/MAC headers when FLO is supported with RLC/MAC headers when FLO is not supported. This is because it is not possible to maintain an RLC instance on moving a logical channel from a physical channel supporting FLO to a physical channel not supporting FLO due to the different RLC/MAC block sizes. The RLC/MAC headers when FLO is supported can thus be optimised.

When FLO is supported it should the mobile’s responsibility to schedule its uplink TBFs. Thus there is no need for the USF.
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