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RLC/MAC Block Structures With FLO

1. Introduction

This document is an update of [3] based on the discussion in GERAN#12 and [4]. It presents possible RLC/MAC block structures for use with FLO. When compared to the current GERAN RLC/MAC blocks, FLO allows a reduction in the overhead (headers) used, and this is reflected in the suggested structures. Many of the changes rely on FLO operating only on dedicated channels, as well as a general streamlining of other unnecessary fields.

The following update changes have been made to [3]:

· Polling bit added in RLC/MAC block formats for RLC unacknowledged mode to allow the report of link quality measurements

· The justification for new RLC/MAC block structures is given in more details

2. Need for new RLC/MAC block structures

It was argued in GERAN2#12bis that the need for new RLC/MAC block structure with FLO is questionable, and that, for example, the RLC/MAC block structure of (E)GPRS could be reused.

While it can be observed that no new fields are needed at RLC/MAC for the support of FLO, the following reasons justify the introduction of new RLC/MAC block structure with FLO:

· The reduction of the overhead allows for a stronger channel coding [5].

· GPRS TBF mode blocks:

· 7-bit BSN is too small for good performance in all multislot cases, due to a too short RLC Window Size of 64 RLC data blocks.

· RRBP field cannot be used due to the inherent differences at the physical layer: e.g. interleaving depth

· USF field cannot be used for similar reasons that prevent the reuse of RRBP

· PR field is useless, as power control is handled through SACCH mechanisms

· Length Indicator does not allow for large 8PSK payload

· FLO allows for opportunity to remove redundant spare bits.

· EGPRS TBF mode blocks: (in addition to other reasons listed for GPRS)

· 11-bit BSN is too large. For the same RLC instance, only one RLC data block may be sent per TTI (20ms). The use of a large window size would either mandate the support of ack bitmap compression mechanism, or some other technique to avoid the excessively large bitmap.

· BSN1 and BSN2 are not needed (Header type 1)

· CPS field is meaningless with FLO, given the TFCI provides what is desired at the physical layer

· DCCH TBF mode blocks:

· 4-bit BSN is too small for good performance in all multislot cases (even single slot case for URB traffic)

· TCH TBF mode blocks:

· No RB Id included which prevents layer 2 multiplexing. In Rel-5, mulitplexing of TCH and FACCH is done through the use of stealing bits. With FLO, multiplexing between radio bearers would require RBs to be identified through the TFCI, which does not allow a clean protocol layering. This could be compared to identifying a TBF (TFI) through the stealing bits in GPRS.

3. RLC/MAC Block STRUCTURE for RLC/MAC COntrol message transfer
The suggested RLC/MAC control block structures for use with FLO are shown below. 

3.1 Downlink RLC/MAC control block

The proposed downlink RLC/MAC control block structure is shown below. The header fields are defined in section 3.3.
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Figure 1. RLC/MAC Downlink control block together with its MAC header

The inclusion of the fields shaded in blue is conditional. They are included only in case the RLC/MAC control block is a segment of an RLC/MAC control message.

3.2 Uplink RLC/MAC control block 

The proposed uplink RLC/MAC control block structure is shown below. The header fields are defined in section 3.3.
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Figure 2. RLC/MAC Uplink control block together with its MAC header

3.3 Header fields

3.3.1 Payload Type (PT) field (mandatory)
The Payload Type (PT) field shall indicate the type of data contained in the remainder of the RLC/MAC block. It is encoded as shown below.

Note that the use of two bits prevents any additional options being included in this field. Note also that in T-RLC mode no overhead is added by RLC/MAC, hence the distinction between RB in T-RLC and SRB data and associated signalling will be made through distinction of UDCH and CDCH/ADCH, by means of different TFCIs.

	Bit
	PT: Payload Type

	0
	RLC Data Block

	1
	RLC/MAC Control block


3.3.2 Polling (P) bit (mandatory)
The Polling (P) bit indicates whether or not the transmitter is polling for acknowledgement. When included in an RLC/MAC block for data transfer, it also allows the reporting of link quality measurements. It is encoded as shown below.

	Bit
	P: Polling Bit

	0
	No polling

	1
	Polling required


3.3.3 Segmentation (S) bit (mandatory)
The segmentation (S) bit indicates whether or not the RLC/MAC control block is a segment of an RLC/MAC control message. It is encoded as shown below.

	Bit
	S: Segmentation Bit

	0
	The RLC/MAC control block contains an entire RLC/MAC control message

	1
	The RLC/MAC control block contains a segment of an RLC/MAC control message


3.3.4 Reduced Block Sequence Number (RBSN) bit (conditional)
The Reduced Block Sequence Number (RBSN) bit carries the sequence number of the RLC/MAC control blocks. The RBSN bit is encoded as a binary number with range 0 to 1. The RBSN bit shall be included if and only if the S bit is set.

3.3.5 Radio Transaction Identifier (RTI) field (conditional)
The Radio Transaction Identifier (RTI) field is used to group the RLC/MAC control blocks that make up an RLC/MAC control message and identifies the segmented control message sequence with which the RLC/MAC control block is associated. The RTI field is 2 bits
 in length with range 0 to 3. The RTI field is present if and only if the S bit is set.

4. RLC/MAC Block STRUCTURE for RLC data blocks

4.1 RLC unacknowledged mode

The suggested FLO RLC data block structures and associated overhead for operating in RLC unacknowledged mode are shown below. Distinction is made between RLC unack and RLC ack modes, as in RLC unack mode, a reduced header size is possible: header fields required for polling and acknowledgement operations can be omitted and the BSN field can be reduced (the BSN is only used to detect missing RLC PDUs in unacknowledged mode).
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Figure 3. RLC unacknowledged mode data block

4.2 RLC acknowledged mode

The suggested FLO RLC data block structures and associated overhead for operating in RLC acknowledged mode are shown below. 

The window size to use is under study. It is predicted that a window size larger than 64 will be needed, which would in turn require a larger acknowledgement bitmap. Note that this would induce a fairly small amount of data to be sent while not allowing the reporting of channel quality measurements in case of piggy-backing of acknowledgement. Therefore it is proposed not to use a piggy-backing mechanism for acknowledgements.

4.2.1 Downlink RLC/MAC Block format for RLC data block transfer
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Figure 4. RLC acknowledged mode downlink data block

4.2.2 Uplink RLC/MAC Block format for RLC data bock transfer
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Figure 5. RLC acknowledged mode downlink data block with MAC header

4.3 Header fields

4.3.1 Payload Type (PT) field (mandatory)
See 3.3.1
4.3.2 Temporary Flow Identity (TFI) field (mandatory)
The Temporary Flow Identity (TFI) field identifies the Temporary Block Flow (TBF) to which the RLC data block belongs. It is 5 bits in length and encoded as a binary number with range 0 to 31. The TFI shall equal the Radio Bearer identity (RB Id) of the radio bearer to which the RLC data block belongs.

4.3.3 Block Sequence Number (BSN) field (mandatory)
The Block Sequence Number (BSN) field carries the sequence absolute Block Sequence Number (BSN') modulo Sequence Number Space (SNS) of each RLC data block within the TBF.

4.3.3.1 RLC unacknowledged mode

The proposed BSN size is 4 bits, covering a SNS of 16.

4.3.3.2 RLC acknowledged mode

The proposed BSN size is 8 bits in this paper (ffs), covering a SNS of 256. This would allow for a higher window size than 64 (up to 128).

It should be noted however, that both the RLC performance and complexity should be considered for defining the WS. In fact while WS should allow for good RLC performance in all multislot scenarios, it should also be defined so that the acknowledgement mechanism remains simple (e.g. no compression) so that both bitmap and channel quality measurements can be reported within a single RLC/MAC control block.

4.3.4 Polling (P) bit (mandatory in RLC ack mode)
See 3.3.2.

4.3.5 Split Block indicator (SPB) field (mandatory in RLC ack mode)
The Split Block indicator (SPB) field is used to indicate whether a data block that is retransmitted has been resegmented (due to switch from 8-PSK to GMSK modulation). It allows for splitting RLC data over two radio blocks. Whether it is needed to consider finer segmentation is ffs. It is encoded as shown below.

	Bit

2 1
	SPB: Split Block indicator field

	0 0
	No retransmission

	0 1
	Reserved

	1 0
	Retransmission (first part of the block)

	1 1
	Retransmission (second part of the block)


4.3.6 Stall Indicator (SI) field (mandatory in RLC ack mode uplink)
The Stall Indicator (SI) field indicates whether the MS's RLC transmit window is stalled or not. It is encoded as shown below.

	Bit
	SI: Stall Indicator field

	0
	MS RLC Transmit window is not stalled

	1
	MS RLC Transmit window is stalled


4.3.7 Extension (E) bit (mandatory + optional for the subsequent ones)
The Extension (E) bit indicates the presence of an optional octet in the RLC data block header. It is encoded as shown below.

	Bit
	E: Extension Bit

	0
	Extension octet follows immediately

	1
	No extension octet follows


4.3.8 Length Indicator (LI) field (optional)
The Length Indicator is used to delimit upper layer PDUs within the RLC data block. It is defined as the LI field in EGPRS TBF mode. GPRS LI is not sufficient for 8-PSK as the amount of data surpasses it.

5. Conclusion

The introduction of FLO to GERAN requires the design of new RLC/MAC block structures, as the existing ones are no longer appropriate. Prexisting block structures, such as those for use on the PDTCH, contain fields unnecessary for operation with FLO- for example the USF field. Thus, the introduction of FLO allows for a reduction of the overhead in the GERAN RLC/MAC blocks. This document presents a number of new header structures for FLO that take advantage of these reduced overhead requirements. 

It is proposed that the TR be updated upon agreement on the RLC/MAC block structures and fields.
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Appendix A- Header Field Functions, and Their Applicability to FLO

The various fields of the original GRPS & EGPRS RLC/MAC headers are outlined below. Explanations are taken from the appropriate standards [1], [2]. A discussion of whether a particular field is necessary or relevant with the introduction of FLO is included after the explanation of each field.

· Uplink state flag (USF) field. This field is used to indicate the particular reservation of the next uplink radio block. 

Not needed- FLO won’t be used on shared channels. Uplink traffic is scheduled by the mobile station

· Retry (R) bit. This field indicates whether a particular channel request message is a retransmission or not.

Not needed.

· Stall indicator (SI) bit. This bit indicates if the mobile’s RLC transmit window is stalled or not. It must be set in all RLC blocks.

Needed for RLC ACK mode.

· Supplementary/Polling (S/P) Bit. This is used to indicate if the RRBP field is valid or not.

RRBP cannot be used with FLO. Only a polling bit is needed
· EGPRS Supplementary/Polling (ES/P) Field. This field (EGPRS only) is used to indicate whether the RRBP field is valid or not valid, and what fields the next uplink control block shall contain.

Only a polling bit is needed.

· Relative Reserved Block Period (RRBP) field. This field is used to poll the mobile, indicating the time (number of TDMA frames) that a mobile shall transmit a PACKET CONTROL ACKNOWLEDGEMENT message, or a PACCH block to the network. The mobile transmits a PACCH block if the RRBP field was received inline as part of an RLC data block, or if the RRBP field was received as part of an RLC/MAC control block, (generally) the mobile should transmit a PACKET CONTROL ACKNOWLEDGEMENT message in the uplink radio block specified.

RRBP cannot be used with FLO on DBPSCH. Similar rules as defined in Rel-5 can be used.

· Countdown Value (CV) field. This field is used by the mobile to indicate to the network how many RLC data blocks are remaining for the current uplink TBF.

Not necessary. FLO will only operate on dedicated channels, and the closure of a connection on these channels will be indicated by the RRC (with appropriate RRC messages), and this will indicate to RLC/MAC when a connection is complete- CV is redundant.

· Payload Type field. This field indicates the type of data in the RLC/MAC block- for example, whether the block is a data or control block, and so on.

Still necessary, unless this indication is somehow integrated into the TFCI, by associating a data or control flow with specific transport format combinations. Is such integration possible? This may mean a TFC is usable for only one set of RB(s), which may be excessively limiting.

· Final block indicator (FBI) bit. This bit indicates that the downlink RLC data block is the last RLC data block of the downlink TBF.

Not necessary. FBI is intended for use on shared channels, to indicate that a particular MS is finished transmitting on the shared channel. FLO will only operate on dedicated channels, and the closure of a connection on these channels will be indicated by RRC signaling.

· Coding and Puncturing Scheme indicator field (CPS). This is used in the EGPRS header to indicate the type of channel coding and puncturing used for data blocks.

No longer necessary- TFC will be indicated by FLO signaling.

· Split Block indicator field (SPB). This is used in EGPRS with a type 3 header to indicate when user data has been retransmitted using two-block resegmentation.

Still necessary for RLC acknowledged mode. It is possible RLC data may be split over two or more radio blocks with FLO- for example, when going from an 8-PSK to GMSK connection.

· TLLI Indicator (TI) bit. This field indicates the presence of an optional TLLI field within the uplink RLC block.

Not necessary- see below.

· G-RNTI field. This contains the G-RNTI, used to identify the RRC connection between a mobile and the network during contention resolution.

Not necessary. Contention resolution is completed before FLO is set-up.. 
· Address Control (AC) bit. This bit is used to indicate the presence of the optional temporary flow identifier (TFI) and direction (D) fields (in the optional TFI/D octet) in the header of a downlink RLC/MAC control block.

No longer necessary. FLO will only operate on dedicated channels, where the TFI/D octet is not required.

· Final Segment (FS) bit. This field is used to indicate that a downlink RLC/MAC control block contains the final segment of an RLC/MAC control message.

Not needed. GPRS power reduction does not apply hence FS is useless.

· Radio Transaction Identifier (RTI) field. This field is used to identify the individual components of a downlink RLC/MAC control message that has been segmented into individual RLC/MAC control blocks.

Still necessary- it is still necessary to identify individual components of an RLC/MAC control message, to ensure the message was correctly received. With FLO, we can however reduce the number of bits used in this message, remaining consistent with GERAN Iu mode operation, where only 2 bits are used for the RTI.

· Direction (D) bit. This bit (sent on control blocks) identifies whether a temporary block flow (TBF) is an uplink or downlink TBF.

Not necessary.

· Temporary Flow Identity (TFI) field. This field identifies the TBF that an RLC data block belongs to, or the TBF that a particular RLC/MAC control block message relates to.

Necessary. FLO will be used on dedicated channels only, where there is a direct link between the packet flow and the radio bearer identifier (RBId). The TFI equals the RB Id

· Power Reduction (PR) field. This field is used for downlink power control, to indicate the power level reduction of the current RLC block.

Not necessary- all power control can now be done using the SACCH.

· Extension (E) Bit. The extension bit provides further flexibility in the RLC/MAC protocol, by allowing an indication of possible extension octets in the RLC data block header.

Still necessary- It is still possible to delimit upper layer PDUs, hence add LI fields

· Block Sequence Number (BSN) field. This contains the sequence number of each RLC data block within the TBF.

Still necessary. Note that for RLC unacknowledged mode, it may be possible to reduce the size of the BSN- in this mode, the BSN is used by the RLC to work out whether all the RLC blocks in a transmission sequence have been received or not. In these circumstances it is not necessary to have a large BSN (as RLC window issues and so on are no longer an issue) and thus, it may be possible to reduce the size of the BSN to a significantly smaller number when operating in RLC unacknowledged mode.

· Reduced Block Sequence Number (RBSN) bit. This carries the (significantly smaller) sequence number of downlink RLC/MAC control blocks.

Still necessary.

· More (M) bit. This bit is used (together with the E and LI fields) to indicate consecutive LLC PDU’s within a TBF in GPRS.

Not necessary. EGPRS LI+E fields are used.
· Length Indicator (LI) field. This field is used to delimit LLC PDU’s within an RLC data block. Generally, it does this by indicating the number of octets in the corresponding RLC data block field.

Still necessary- it is still possible to carry multiple upper layer PDU’s in one RLC block with FLO. 

· RLC data field. This field contains the data octets from one or more LLC PDU’s.

Still necessary.

· Control message contents field. This is used to hold the RLC/MAC control message in RLC/MAC control blocks.

Still necessary.

· Resent Block Bit (RSB). This bit is used for EGPRS radio blocks, to indicate whether any of the RLC data blocks contained in the EGPRS radio block have been sent previously.

Not necessary- this information can be determined implicitly by the receiver, through the BSN.

· PFI Indicator (PI) bit. This bit indicates the presence of an optional packet flow identifier (PFI) field.

Not necessary- see below.

· Packet Flow Identifier (PFI) field. This field (only used in A/Gb mode) contains the content of the PFI information element, used to identify a particular BSS-MS packet flow context. (Not used in Iu mode)
Not necessary- the “packet flow context” is not applicable in Iu mode.

Iu Mode Additional Fields

When operating in Iu mode, the same RLC/MAC headers were used as Gb mode. However, in Iu mode the RLC data block may contain any of the following extra information:

· G-RNTI. Used to identify the MS during Iu mode RRC connection procedures.      

Not necessary. Contention resolution will be completed before FLO is set-up.

· G-RNTI extension. This field contains the extra 4 bits of the G-RNTI that don’t fit in the TLLI/G-RNTI field.

Not necessary 

· G-RNTI indicator (GI) bit. This indicates the presence of an optional G-RNTI field within an RLC block, when operating on SDCCH.
Not necessary for the reason given above.
· Radio Bearer Identity (RB Id) field. This field uniquely identifies a radio bearer.

Still necessary (carried with TFI). This field is required to uniquely identify the radio bearer received data is associated with.

· Reduced Radio Bearer Identity (RRBid) field. This is used to provide a one-one mapping with the radio bearer ID to which the RLC data block belongs, or the RLC/MAC control block relates. It is used in the same way as the RLC/MAC TFI.

Not necessary- the RB id field is sufficient for this.

· Signaling Radio Bearer ID (SRBid). This field (GPRS only) is used by both the network and the MS to be able to route the SRB data to the correct RLC instance. (Only used when the RLC data block is sent on SFACCH)
Not necessary- FLO will not operate on SFACCH.

· Ack Indicator (AI) field. This indicates whether or not an acknowledgment bitmap is piggybacked in the RLC/MAC block.
Not necessary- The benefits of the ack/nack piggy-backing are questionable for a large window size.

· Ack/Nack description field. This field is used for providing the Ack/Nack message.
Not necessary- See above.

· FCS. The frame check sequence is used on RLC/MAC blocks when operating in Iu mode when operating on TCH. (Not part of the header- appended at the end of the block)
Not necessary- with FLO the RLC/MAC block error checking functionality will now be done using the layer one CRC.

· Polling (P) bit. This bit is used to indicate when the transmitter is polling for acknowledgment.
Still necessary- when operating in RLC acknowledged mode, the sending RLC will still poll for acknowledgement.

· Segmentation (S) bit. This bit is used to indicate whether an RLC/MAC control block is a segment of an RLC/MAC control message.
Still necessary. It is still necessary to indicate if the received block is a segment of an RLC/MAC control message.

· Extension bis (Ebis) bit. This bit (GPRS only) is used to indicate the presence of an optional octet in the RLC data block header. (Only used when the RLC data block is sent on SFACCH).
Not needed- the SFACCH is only for use with shared channels, and FLO will not be used on shared channels.

· Hyper Frame Number Least Significant Bit (HFN LSB). This field (GPRS only) contains the least significant bit of the HFN of the radio bearer to which the RLC/MAC block belongs.
The HFN_LSB cannot be reused as different RLC protocols are running on DBPSCH and SBPSCH.






� Note that the size of the radio transaction identifier (RTI) field has been reduced from four bits to two in line with Release 5 RLC/MAC protocol for DBPSCH operation (There are expected to be fewer parallel RLC/MAC transactions on DBPSCH than on SBPSCH) � REF _Ref29699862 \r \h ��[2]�.
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