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FLO Architecture for A/Gb

 AUTONUMLGL Introduction

This contribution examines the impact of FLO on RLC, MAC and the Physical Layer for A/Gb mode. In addition the contribution describes the signalling between the BSS and the MS to configure FLO, and also the impacts on handover. The impact of changing the FLO configuration is also considered.

The following assumptions have been made:

· RLC/MAC may be used on dedicated channels

· FLO is only used on dedicated channels

· The GRR entity is responsible for configuring the RLC, MAC and Physical layer with their FLO parameters

 AUTONUMLGL Architecture

The entities involved with FLO are shown in Figure 1. The GRR entity is responsible for configuring the RLC, MAC and Physical/FLO layer with their FLO parameters, as indicated by the flows labelled control from GRR. The FLO configuration defines a set of rules as to how data can be encoded within a radio block.
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Figure 1 Architecture for A/Gb mode

Transport channels exist between the MAC and the Physical Layer/FLO. The MAC decides which flows are to be transmitted on the transport channels. Between the RLC and the MAC there exist logical connections called TBFs, which are used to transfer RLC data blocks. 

 AUTONUMLGL Transport Channels

Transport channels are logical connections that exist between the MAC and the Physical layer. They have the following properties:

· Uni-directional

· Have a defined set of transport formats. Transport formats define the transport block size, channel coding, CRC size etc.

For GERAN there is only a need for one type of transport channel. However, it may be beneficial to define two names for the transport channel to reflect differing types of data that are sent on the transport channel eg a UDCH for sending user data and L3 signalling and a ADCH for RLC/MAC control messages, as shown in Figure 1. By defining a separate transport channel for control messages it is easy to configure the MS to ensure that these blocks are treated with the highest priority. Further, it may simplify the specifications by stating the control messages are sent on separate transport channel.

 AUTONUMLGL Transport Blocks 

Transport blocks are the basic units that are exchanged on a transport channel between the MAC and the Physical Layer. A set of transport blocks that are exchanged between the MAC and the Physical Layer at the same point in time, is referred to as a transport block set. All of the transport blocks within a transport block set have the same transport format i.e. all transport blocks within a transport block set are of the same size.

 AUTONUMLGL Impacts on Protocol Entities

 AUTONUMLGL GRR

The protocol architecture and procedures for GRR is described in detail in [1].

A GRR entity is created within the MS when the MS receives a Dedicated Assignment message (RLC/MAC control message) for a dedicated channel, and a GRR entity does not already exist. In the BSC, a GRR entity is created for an MS when the MAC decides that dedicated resources are required to support a PFC, and a GRR entity does not already exist for this MS.

The GRR entity shall be responsible for configuring the entities involved with FLO, when FLO is supported in the MS and the BSC. It shall be responsible for the following:-

· Creation and deletion of transport channels

· Configuring the set of allowed transport formats on each transport channel

· Defining the mapping of PFCs/TBFs onto transport channels for each timeslot on which the flow is defined

· Configuring the set of transport format combinations.

· Defining the frame number from which the configuration is valid

The GRR entity in the BSC passes the FLO configuration to the GRR entity in the MS in a GRR FLO Assignment message. The MS may send GRR messages on an assigned dedicated channel prior to receiving its FLO configuration, but not LLC data.

The configured FLO parameters should be such that signalling data can always be sent in both directions on a dedicated channel supporting FLO. Thus a dedicated channel supporting FLO should always have at least one uplink and one downlink transport channel. The transport channels are uni-directional entities, as are the set of transport format combinations. The set of TFCs should be defined to always allow the sending of signalling data. It is assumed that at least a minimum set of FLO parameters are provided when the FLO channel is established. 

During handover, GRR is responsible for ensuring that the MS has a FLO configuration that is valid in the new cell after Handover. In the PS Handover Required message sent by the source BSC, it is proposed that a flag be set to indicate whether the MS supports FLO. The target BSC will only attempt to allocate a FLO configuration for the MS if both the target BSS and the MS support FLO.

When the MS and the target BSS support FLO, the target BSC sends back the allocated set of FLO parameters in the new cell to the original cell. The source BSC then sends the FLO configuration in the target cell to the MS in the GRR PS Handover Command (nb if the FLO configuration is the same in the source and target cell then the FLO configuration to be used in the target cell may be indicated by using a single bit in the GRR PS Handover Command that is sent to the MS). If either the MS or the target BSS does not support FLO, then the PS Handover Command that it sent back to the source BSC does not contain any FLO configuration for the MS in the target cell.

GRR is responsible for providing the MS with its FLO configuration in either:-

· PS Handover Command

· FLO Assignment

Both of these messages are sent from BSC to the MS as GRR messages. GRR is responsible for configuring the RLC/MAC/ and Physical layer accordingly.

During Handover, the GRR in the MS will need to maintain both the FLO configuration in the original cell and the configuration in the target cell, in case that there is a Handover failure. The GRR entity in the original BSC is maintained until the completion of handover, thus the FLO configuration is maintained in the original BSC in case of a Handover failure.

 AUTONUMLGL RLC

For RLC-UM and RLC-AM there is no need for the transport block size to exactly match the RLC PDU size. For RLC-AM, if between a transmission and a retransmission the transport formats are reconfigured such that the retransmitted block has to use a smaller transport block size than the original transmission, then re-segmentation may be necessary. It may even be necessary to use more than two blocks when re-segmenting. A solution to avoid having to use the SPB indicator would be to retransmit all RLC blocks from the oldest unacknowledged block, even if some blocks had been successfully received prior to the reconfiguration. 

When configuring the RLC instance the configuration must specify to which transport channel the instance should be mapped. If the RLC instance is mapped to more than one timeslot then the mapping must be specified for each timeslot (each timeslot supporting FLO has its own independent set of TFCs). If RLC data and RLC control messages are to be mapped to different transport channels then this must be specified in the configuration, unless RLC/MAC control messages are always sent on a fixed transport channel (ADCH).

 AUTONUMLGL MAC

In the MS, the MAC is responsible for selecting the uplink TFC. Thus the MAC needs to be configured with the following:-

· The set of allowed Transport Format Combinations (TFCs) for each timeslot supporting FLO.

· Configuration of each transport channel (i.e. the allowed set of transport formats on each transport channel). 

· Mapping information of PFC/TBF to transport channel(s) for user data and for RLC/MAC control blocks

· Mapping of MAC control messages on to transport channels

Similarly the network is responsible for determining the data that is transmitted in the downlink.

In order for the MAC to select the best TFC it needs to be aware of how much data is available to be sent for each priority.

At each transmit interval the MAC selects the best TFC available. The transport blocks are assembled and transferred to each transport channel.

The MAC permits the following multiplexing:-

· User data may be multiplexed with other user data within a radio block (the radio block may contain multiple transport blocks)

· Signalling data may be multiplexed with other Signalling data within a radio block

· L3 data (NAS signalling or user data) may be multiplexed with RLC/MAC control blocks in the same radio blocks. This is of benefit if the RLC/MAC control block is small (e.g. Packet Ack/Nack)

· RLC/MAC control blocks may be multiplexed with other RLC/MAC control blocks in the same radio block.

For data received from the transport channels the MAC has to route the received data to either the RLC or to the MAC in the case of the receipt of MAC control information. The MAC identifies the RLC instance from the TFI (temporary flow identifier) in the received block, for the case of RLC-AM and RLC-UM. 

Is it FFS as to whether RLC/MAC control messages are sent in transport blocks of sizes other than 184 bits. The advantages of using a fixed size are:-

· Reuse existing segmentation scheme (ie 2 blocks in Downlink)

· Less TFCs need to be defined

Whilst the advantages of using a variable transport block size for control messages are:

· Better use of radio interface when sending small messages

The MAC layer may also need to know from which frame number the configuration is valid. Also, during Handover the configuration in original and target cell need to be maintained in case of Handover failure.

 AUTONUMLGL PHY

The physical layer needs to be able to understand the configuration of each transport channel and the set of transport format combinations.

The physical layer has to decode the received radio blocks by use of the TFCI. From the TFCI the physical layer is able to decode the transport blocks on each of the transport channels. The physical layer passes a transport block set and transport format to the MAC on each transport channel for which data was received. In addition the CRC status for each transport block is passed to the MAC.

The Physical layer may also need to know from which frame number the configuration is valid. Also, during Handover the configuration in original and target cell need to be maintained in case of Handover failure.

 AUTONUMLGL Reconfiguration of FLO configuration

During a call, a TBF (temporary block flow) may be mapped to different transport channels. In addition the following reconfigurations are possible:

· A transport channel may be created or deleted

· A transport format or a given transport channel may be added, deleted or modified

· Transport format combinations may be added, deleted or modified

The configuration of the FLO parameters is valid from a certain frame number, which is known by both the receiver and the transmitter. When adding or deleting a transport channel, in some cases an incremental reconfiguration will be possible; however, in some cases it may be necessary for the network to supply the full set of TFCs to the MS (complete reconfiguration).

 AUTONUMLGL Conclusion

This paper has proposed that GRR is responsible for configuring the RLC, MAC and Physical layer with their FLO parameters. During Handover, GRR is responsible for transferring the FLO configuration to be used in the target cell to the MS, so that the MS can use FLO immediately on accessing the target cell. The FLO configuration may be transferred to the MS in either a GRR FLO Assignment message or a GRR PS Handover Command.
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