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RLC/MAC PDU formats

1 Introduction

For the GERAN R’00, three RLC modes, acknowledged, unacknowledged and transparent, and two MAC modes, shared and dedicated, are defined. This document proposes PDU formats for all the different modes.With exception of the unacknowledged and the transparent dedicated mode the RLC/MAC header are kept as defined in [1].

2 PDU formats for different protocol modes

2.1 Acknowledged RLC mode

2.1.1 Shared MAC mode with EGPRS channel coding
In shared MAC mode one or more radio bearers of one or more mobile stations are multiplexed to the same physical subchannel. 

To preserve compatibility between EGPRS R99 and GERAN R00 this mode is kept as it was already defined in the former. 

The RLC/MAC header is already defined in [1] and depicted in Figure 1 and Figure 2 for downlink and in Figure 4 and Figure 5 for uplink. Consequently, EGPRS coding schemes (MCS-1, … , MCS-9) can be used on this channel without any modifications. The major advantage of EGPRS channel coding is the possibility to use incremental redundancy (IR). So, this coding scheme is proposed for radio bearers using the acknowledged mode.
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Figure 1: Downlink RLC data block header for MCS-7, MCS-8 and MCS-9
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Figure 2: Downlink RLC data block header for MCS-5 and MCS-6
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Figure 3: Downlink RLC data block header for MCS-1, MCS-2, MCS-3  and MCS-4
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Figure 4: Uplink RLC data block header for MCS-7, MCS-8 and MCS-9
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Figure 5: Uplink RLC data block header for MCS-5 and MCS-6
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Figure 6: Uplink RLC data block header for MCS-1, MCS-2, MCS-3  and MCS-4

2.1.2 Dedicated MAC mode with EGPRS channel coding 
This mode allows to use Operational Scenario 2 (OS 2) in which two radio bearers (e.g. one voice stream and one data connection) of one mobile station are mapped onto one physical subchannel which is exclusively reserved for this mobile station. 

Not all fields of the MAC header are required and could be removed. This would require to design new codes for the EGPRS channel coding which support a smaller header and a larger payload. Since designing new EGPRS codes is very cumbersome we propose to use RLC/MAC header in the same format as in 2.1.1 without any modifications. 

2.2 Unacknowledged RLC mode

2.2.1 Shared MAC mode with EGPRS channel coding
This mode is comparable to the mode presented in 2.1.1 except for the RLC mode. In unacknowledged mode no retransmissions are performed. That would allow to shorten the RLC part of the RLC/MAC header. But especially in the flow shared mode the backward compatibility with EGPRS R99 is very important. Thus no changes should be carried out.

2.2.2 Dedicated MAC mode with EGPRS channel coding 

This mode is comparable to that described in 2.1.2 (except for the RLC mode) and it is suited to support OS 2. A reduction of the total RLC/MAC header length is not possible due to the fixed length of the EGPRS channel codes. Consequently, no changes to the header format are required to support this mode. 

2.2.3 Dedicated MAC mode with ECSD channel coding and minimized/optimized RLC header

In this mode a radio bearer is mapped onto a dedicated physical subchannel, i.e. to one or more time slots. For this mode most of the fields in the RLC/MAC header can be removed. Instead of the EGPRS coding schemes (MCS-1 to MCS-9) the channel coding as used for ECSD is proposed. These codes can be adapted more easily. A compatibility to EGPRS R99 is not absolutely necessary since the physical resource  is used exclusively by one UE.

By shortening the RLC/MAC header the available space for the payload is increased and consequently the total throughput can be increased as well.

The new defined header will consist of the fields listed below:

· Block Sequence Number (BSN) (7 bits are sufficient for the unacknowledged mode)

· Length Indicator (LI) (7 bit for GERAN21.2, E-TCH/F28.8, E-TCH/F32.0, and E-TCH/F43.2; 15 bit for GERAN58.8)

· Extension bit (E) (1 bit)
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Figure 7: Uplink/Downlink RLC data block header for dedicated MAC mode with ECSD

A more detailed description of this mode can be found in [2].

2.3 Transparent RLC mode

2.3.1 Dedicated MAC mode reusing the TCH channel coding from GSM

The transparent mode is typically used to transmit AMR encoded voice in GERAN. To ensure that delays are low MAC is used in dedicated mode. RLC should be used in transparent mode since there is no need for segmentation/reassembly or retransmissions. The channel coding for this channel is equivalent to the channel coding known from TCHs in GSM.

Consequently, no RLC/MAC header has to be added to the AMR blocks prior to channel coding.

3 Conclusion

To preserve backward compatibility most of the listed RLC/MAC modes are unchanged compared to those standardised in EGPRS R99. Only two new mode combinations have been added. An unacknowledged RLC together with dedicated MAC where a minimized/optimized RLC/MAC header and this is transported using  the ECSD channel coding schemes. This coding scheme allows to shorten the header and to increase the payload in each RLC PDU without cumbersome code re-designs. The second mode combination is transparent  RLC and dedicated MAC, which is typically used for AMR voice transmission. Since these two new mode combinations are dedicated to an exclusively used physical channel backward compatibility can be guaranteed. 

4 Abbreviations

USF
Uplink state flag

ES/P
EGPRS Supplementary/Polling field

RRBP
Relative Reserved Block Period RRBP field

CV
Countdown Value field

FBI
Final block indicator bit

CPS
Coding and Puncturing Scheme indicator field

SPB
Split Block indicator field

TFI
Temporary Flow Identity field

PR
Power Reduction field

E
Extension bit

BSN
Block Sequence Number field

RBSN
Reduced Block Sequence Number bit

LI
Length Indicator field

RSB
Resent Block bit
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