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RLC/MAC Control Message Segmentation

1. Introduction

The ongoing discussions about the support of PS handover in GPRS have questioned whether the current RLC/MAC control message segmentation mechanism (two RLC/MAC control blocks in downlink) would be enough to accommodate a large amount of information during a PS Handover. In particular, 2G>3G PS handover, and a possible future use on dedicated channels (with flexible layer one) would require substantially more information than 2G>2G PS Handover over shared channels only. Particularly questioned is the futureproofness of the current RLC/MAC control message segmentation mechanism. Hence, there has been some initial fairly drastic proposal G2-030502, G2-030503 to convey such information using in fact RLC/MAC as a transport protocol i.e. through the introduction of a new type of TBF (restricted to CS-1 only), and new scheduling rules (similar to SFACCH handling specified in GERAN Iu mode) that would eventually define this PS handover information as initiated from of a layer 3 protocol entity commonly referred to as the GRR (grrrr!) protocol.

Therefore, this contribution assesses the amount of information that is required for handing over one TBF from one cell to another, and whether existing segmentation mechanism is sufficient. Last, a proposal to expand the current control message segmentation mechanism, up to three or more RLC/MAC control blocks is given.

2. Required information for PS handover

2.1 TBF information and Target cell information

The following is a preliminary assessment of the required information for PS handover  from one cell to another, using shared channels.

The fields shaded in blue could be provided in a “NACC-like” fashion where some target cell system information is provided separately while in the source cell.

	Field
	Size in bits

	Uplink TBF

	TFI
	5
	Repeated

	PFI
	8
	Repeated

	USF
	3
	Repeated

	Channel coding command / 

EGPRS Channel coding command
	2 /

4
	May be common to a number of TBFs

May be repeated if needed

	PDCH mapping (bitmap)
	8
	May be common to a number of TBFs

May be repeated if needed

	RLC Reset
	1
	Repeated

	Downlink TBF

	TFI
	5
	Repeated

	PFI
	8
	Repeated

	PDCH mapping (bitmap)
	8
	May be common to a number of TBFs

May be repeated if needed

	RLC Reset
	1
	Repeated

	General

	GPRS Cell Options
	18 (45)
	The maximum of 45 bits corresponds to a target cell of Rel-4 supporting EGPRS, and with inclusion of PAN parameters

	Target cell “Cell Selection struct”
	7 (12)
	Includes CBA2, EXC_ACC, SAME_RA_AS_SERVING_CELL, SI13 PBCCH LOCATION

NOTE: 12 bits are used if the target cell supports PBCCH

	Global power control parameters
	24

	Reference Frequency Lists
	154(*)

(153m+1)
	RFLs shall be provided as required for the decoding of GPRS mobile allocations.

(*) the minimum of 154 bits is in fact the “maximum minimum” where one RFL is included containing the maximum set of radio frequency channels. Less than 154 bits is possible if less than the maximum set of radio frequency channels is included (even in case more than one RFL are included).

The maximum of 153m+1 bits corresponds to m RFLs each containing the maximum set of radio frequency channels

	Cell Allocation
	6

(5n+1)
	Provides a set of radio frequency channels of the target cell contained in the referenced RFLs.

The maximum of 5n+1 bits, corresponds to n>1 RFLs in the cell allocation

	GPRS Mobile Allocation
	9 (78)

9+5p (78+5p)


	Set of radio frequency channels and a hopping sequence number (HSN), which may be allocated to a mobile station to define its channel configuration (PDCHs). The GPRS Mobile Allocation refers either directly to the RFLs or if no reference to the RFLs is given, to the Cell Allocation.

The minimum of 9 bits corresponds to an allocation consisting of all radio frequency channels included in the cell allocation, without exception.

The maximum value of 78 bits corresponds to an allocation consisting of all radio frequency channels included in the cell allocation, with the exceptions provided in the MA_BITMAP (in this case the maximum of 64 bit bitmap is considered)

The value of 9+5p bits corresponds to an allocation consisiting of all radio frequency channels included in the p≤m RFLs, without exception

The maximum value of 78+5p bits corresponds to an allocation consisting of all radio frequency channels included in the in the p≤m RFLs, with the exceptions provided in the MA_BITMAP (in this case the maximum of 64 bit bitmap is considered)

Exceptions in the radio frequency channels can also be provided through the ARFCN value of the channels that are not included in the allocation.

	PS Handover reference
	8

	Total
	Excluding GPRS Cell Options, Cell Selection struct, Global Power Control parameters, RFLs, CA

	
	Min 58
	If one Uplink and Downlink TBFs are included. EGPRS not used. Same PFI in UL and DL.

Mobile Allocation based on Cell Allocation w/o any exception in the radio frequency channels. Maximum set of radio frequency channels considered.

Case a1

	
	Max 68
	If one Uplink and Downlink TBFs are included. EGPRS used. Different PFIs in UL and DL.

Mobile Allocation based on Cell Allocation w/o any exception in the radio frequency channels. Maximum set of radio frequency channels considered.

Case b1

	
	Max 137
	If one Uplink and Downlink TBFs are included. EGPRS used. Different PFIs in UL and DL.

Mobile Allocation based on Cell Allocation with exceptions in the radio frequency channels indicated through bitmap. Maximum set of radio frequency channels considered.

Case c1

	
	Including all

	
	Min 267
	If one Uplink and Downlink TBFs are included. EGPRS not used. Same PFI in UL and DL.

One RFL included with maximum set of radio frequency channels. Mobile Allocation based on Cell Allocation w/o any exception in the radio frequency channels.

Case a2

	
	Max 309
	If one Uplink and Downlink TBFs are included, and the target cell is of Rel-4 supporting EGPRS, PBCCH, and having PAN parameters included. EGPRS used. Different PFIs in UL and DL.

One RFL included with maximum set of radio frequency channels. Mobile Allocation based on Cell Allocation w/o any exception in the radio frequency channels.

Case b2

	
	Max 378
	If one Uplink and Downlink TBFs are included, and the target cell is of Rel-4 supporting EGPRS, PBCCH, and having PAN parameters included. EGPRS used. Different PFIs in UL and DL.

One RFL included with maximum set of radio frequency channels. Mobile Allocation based on Cell Allocation with exceptions in the radio frequency channels indicated through bitmap.

Case c2


Table 1. Required parameters for handing over a TBF (Uplink/Downlink) on shared channels
2.2 Content of the PACKET CELL CHANGE ORDER message

2.2.1 Shared channels

Below is an analysis of the content of the PCCO message ordering a change to a GSM target cell for one uplink TBF and one downlink TBF.

	Field name
	Size in bits

	PAGE MODE
	2

	Global TFI
	1 + 6

	0 (syntax)
	1

	IMMEDIATE_REL
	1

	GSM Target Cell struct
	

	ARFCN
	10

	BSIC
	6

	NC Measurement Parameters (no info provided since this can be ordered when in the target cell)
	4

	Total
	31 (+6 bits for message type)

	Total with content described in §2.1
	Case a1
	89 (+6)
	Case a2
	298 (+6)

	
	Case b1
	99 (+6)
	Case b2
	315 (+6)

	
	Case c1
	168 (+6)
	Case c2
	384 (+6)

	Available space with no segmentation and no PR
	176

	Available space with no segmentation but with PR
	168

	Available space with 2-block segmentation and no 2nd optional octet (corresponding to AC field)
	336 (320 if PR is used)


Table 2. Content and size of the PACKET CELL CHANGE ORDER message

As can be seen from the table, the current 2-block segmentation is enough for PS handover on shared channels of one uplink and one downlink TBFs in the most extreme case provided the target cell’s system information (GPRS Cell Options, Target cell “Cell Selection struct”, Global power control parameters, Reference Frequency Lists, Cell Allocation) is provided separately (NACC-like). This would also be sufficient for supporting multiple TBFs in each direction.

However, going beyond 2-block segmentation seems required if the target cell system information is not provided separately.

2.2.2 If FLO were used

Below is an analysis of the content of the PCCO message if PS handover were used on dedicated channels with FLO.

The FLO information consists of:

· Per DBPSCH: 6 bits (HR/FR, interleaving, Amount of TrCHs). This need not be repeated per each DBPSCH if the same configuration is used on each DBPSCH.

· Per TrCH: 10 bits (CRC size, RMA). If the same TrCHs are used on each DBPSCH, this information need only be sent for one DBPSCH.

· Per TF: 11 bits (size of the transport block). If the same TrCHs are used on each DBPSCH, this information need only be sent for one DBPSCH

So assuming e.g. the following:

· FLO reconfiguration would be needed at handover (unlikely)

· a 3 timeslot transmission

· 3 TrCHs per DBPSCH

· 4 TFs per TrCHs

The amount of information for FLO alone that needs to be sent is

· 6 + 3x10 + 3 x 4 x 11 = 168 bits. This information is common to all DBPSCHs

Given some of the information provided in Table 1 would not be sent (as they apply to shared channels only), such FLO reconfiguration would just fit together with the rest of the information with a 2 block segmentation. The need for going beyond 2 block segmentation is required if the target cell system information is not provided separately. Note however that the provision of system information while on DBPSCH is currently FFS.

3. RLC/MAC COntrol message segmentation

3.1 RLC/MAC control message segmentation/reassembly

As specified in 3GPP TS 44.060 §§9.1.12a and 9.1.12b, RLC/MAC control message segmentation into up to 2 RLC/MAC control blocks is possible in downlink, but not in uplink. This allows the network for sending an RLC/MAC control message of maximum size 38(40) octets.

3.1.1 Segmentation

The network may segment RLC/MAC control messages into one or two RLC/MAC control blocks depending on the length of the RLC/MAC control message. If the contents of a control message do not fit an integer number of control blocks, filler octets shall be used to fill the remainder of the RLC/MAC control block. Only the last RLC/MAC control block containing elements of the control message shall contain filler octets. The Final Segment (FS) bit of the RLC/MAC control block header shall be set according to whether the RLC/MAC control block contains the final segment of an RLC/MAC control message.

The mobile station shall not segment RLC/MAC control messages.

NOTE:
In order to provide the mobile station a Power Reduction value in a RLC/MAC control block, the network may use the segmentation mechanism although the RLC/MAC control block requires only one RLC/MAC control block to be transmitted. In that case the RBSN shall be set to '0' and FS shall be set to '1'.

3.1.2 Reassembly

RLC/MAC control blocks shall be collected at the receiver until all RLC/MAC control blocks comprising an RLC/MAC control message have been received.

[…]

In packet transfer mode, the mobile station shall be capable of receiving two RLC/MAC control messages in parallel on the same PDCH. If the mobile station receives RLC/MAC control blocks containing part of a third RLC/MAC control message while it still has RLC/MAC control blocks for two partially received RLC/MAC control messages, the mobile station shall discard the RLC/MAC control block of the oldest partially received message.

[…]

The mobile station shall start an instance of timer T3200 following the receipt of an RLC/MAC control block whose RTI value does not correspond to the RTI value of a partially received RLC/MAC control message or if the RLC/MAC control blocks were received on different PDCHs. In non-DRX mode the duration of timer T3200 shall be four BS_CV_MAX block periods. In DRX mode the duration of timer T3200 shall be four times the DRX period (see 3GPP TS 43.064).

On receipt of an RLC/MAC control block containing a segment of an RLC/MAC control message such that the mobile station now has the complete RLC/MAC control message, the mobile station shall stop the corresponding instance of timer T3200.

If the mobile station discards a partially received RLC/MAC control message while the corresponding instance of timer T3200 is running, the mobile station shall stop the corresponding instance of timer T3200.

On expiry of an instance of timer T3200, the mobile station shall discard and ignore all segments of the corresponding partially received RLC/MAC control message.
3.2 RLC/MAC control blocks

The RLC/MAC control block consists of a control message contents field and in the downlink direction an optional control header. RLC/MAC control messages shall be transported within RLC/MAC control blocks. An RLC/MAC control blocks shall always be encoded using the coding scheme CS-1 (see 3GPP TS 44.004).

The Downlink RLC/MAC control block together with its MAC header is formatted as shown in figure 10.3.1.1.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	

	Payload Type
	RRBP
	S/P
	
	USF
	
	MAC header

	RBSN
	RTI
	FS
	AC
	Octet 1 (optional)

	PR
	TFI
	D
	Octet 2 (optional)

	
	
	
	
	
	
	
	
	Octet M

	Control Message Contents
	.

.

.

	
	
	
	
	
	
	
	
	Octet 21

	
	
	
	
	
	
	
	
	Octet 22


Figure 1. Downlink RLC/MAC control block together with its MAC header

The Uplink RLC/MAC control block together with its MAC header is formatted as shown in figure 10.3.2.1.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	

	Payload Type
	
	
	spare
	
	
	R
	MAC header

	
	
	
	
	
	
	
	
	Octet 1

	
	
	
	
	
	
	
	
	Octet 2

	
	
	
	
	
	
	
	
	Octet 3

	Control Message Contents
	.

.

.

	
	
	
	
	
	
	
	
	Octet 21

	
	
	
	
	
	
	
	
	Octet 22


Figure 2. Uplink RLC/MAC control block together with its MAC header

3.3 Header fields

Among the headers fields in the RLC/MAC header of RLC/MAC control blocks, the following ones are of interest regarding RLC/MAC control message segmentation

Payload Type:

	Bit

8 7
	Payload Type

	0 0
	RLC/MAC block contains an RLC data block

	0 1
	RLC/MAC block contains an RLC/MAC control block that does not include the optional octets of the RLC/MAC control header

	1 0
	In the downlonk direction, the RLC/MAC block contains an RLC/MAC control block that includes the optional first octet of the RLC/MAC control header

	1 1
	Reserved. In this version of the protocol, the mobile station shall ignore all fields of the RLC/MAC block except for the USF field


Reduced Block Sequence Number (RBSN):

	Bit

2
	Reduced Block Sequence Number

	0
	First RLC/MAC control block

	1
	Second RLC/MAC contol block


Final Segment:

	Bit

2
	Final Segment bit

	0
	Current block does not contain the final segment of an RLC/MAC control message

	1
	Current block contains the final segment of an RLC/MAC control message


The Address Control (AC) bit is used to indicate the presence of the optional TFI/D octet in the header of downlink RLC/MAC control blocks.

	bit 1
	Address Control (AC) bit

	0
	TFI/D octet is not present

	1
	TFI/D octet is present


3.4 Extension

3.4.1 Three-block segmentation

In current GPRS, the segmentation of an RLC/MAC control message is identified as shown in the table below:

	
	PT
	RBSN
	FS

	Segmented RLC/MAC control message

	
First RLC/MAC control block
	10
	0
	0

	
Second and last RLC/MAC control block
	10
	1
	1

	Non-segmented RLC/MAC control message (no PR)

	
First and last RLC/MAC control block
	01
	N/A
	N/A

	Non-segmetned RLC/MAC control message (PR)

	
First and last RLC/MAC control block
	10
	0
	1


Table 3. Identification of RLC/MAC control message segmentation

As can be seen from the table, one {RBSN, FS} combination is currently not used, that would effectively allow for segmenting an RLC/MAC control message into three RLC/MAC control blocks as follows:

	
	PT
	RBSN
	FS

	Segmented RLC/MAC control message

	
First RLC/MAC control block
	10
	0
	0

	
Second RLC/MAC control block
	10
	1
	0

	
Third and last RLC/MAC control block
	10
	1
	1


Table 4. Three-block segmentation

3.4.2 Further extension

Using the principle presented above, further extension is possible given the combination {RBSN, FS} = {1, 0}  is not currently used, and could in fact be used to identify an additional optional octet, where an RBSN extension could be provided, referred to as RBSNe in the figure below, where a 2 bits is shown as an example.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	

	Payload Type
	RRBP
	S/P
	
	USF
	
	MAC header

	RBSN=1
	RTI
	FS=0
	AC
	Octet 1 (optional)

	PR
	TFI
	D
	Octet 2 (optional)

	RBSNe
	spare
	Octet 3 (optional)

	
	
	
	
	
	
	
	
	Octet M

	Control Message Contents
	.

.

.

	
	
	
	
	
	
	
	
	Octet 21

	
	
	
	
	
	
	
	
	Octet 22


Figure 3. Downlink RLC/MAC control block together with its MAC header and RBSN extension

A 2-bit RBSNe would allow for an RLC/MAC control message segmentation over six RLC/MAC control blocks, as shown in the table below.

NOTE: a n-bit RBSNe would allow for an RLC/MAC control message segmentation 2 + 2n RLC/MAC control blocks

	
	PT
	RBSN
	FS
	RBSNe

	Segmented RLC/MAC control message

	
First RLC/MAC control block
	10
	0
	0
	N/A

	
Second RLC/MAC control block
	10
	1
	0
	0 0

	
Third RLC/MAC control block
	10
	1
	0
	0 1

	
Fourth RLC/MAC control block
	10
	1
	0
	1 0

	
Fifth RLC/MAC control block
	10
	1
	0
	1 1

	
Sixth and last RLC/MAC control block
	10
	1
	1
	N/A


Table 5. Further extension

3.4.3 Protocol impacts

Timer(s) related to RLC/MAC control message reassembly would need to be checked. Given this mechanism could be restricted to PS handover only, a PS handover timer could e.g. be included which has a minor impact. Given a handover message would in practice not span over a high amount of blocks, it is believed that a 3 block segmentation, if needed, would be sufficient which would have very minor impacts to existing RLC/MAC protocol.

Acknowledgement of a segmented RLC/MAC control message may be made following today’s mechanism. 

Also to be noted: 

· PACCH handling is kept unchanged

· The last PT value remains available

· No new TBF need to be defined (and associated RLC and MAC mechanisms)

· “SFACCH”-like operation need not be defined

· PS handover signalling can be entirely handled at layer 2 RLC/MAC

4. Conclusions

This contribution has analysed the capacity of the PCCO message, and whether the existing RLC/MAC control message segmentation into two RLC/MAC control blocks is sufficient for using PCCO to perform a PS handover. It was shown that for PS handover to a GSM cell, today’s mechanism is enough even with multiple TBFs. It is shown also that it can accommodate the use of FLO in a configuration that is already fairly complex. However, this would be feasible only if the target cell system information is provided separately (NACC-like) from the PCCO message. In case the target cell system information cannot be provided separately, going beyond 2-block segmentation is needed. A mechanism is proposed that allows for segmentation into 3 or more RLC/MAC control blocks.
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