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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.

· Default control plane stack with default FLO configuration using predefined TFCI.

 AUTONUMLGL Architecture

The entities involved with FLO are shown in Figure 1. 
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Figure 1 Architecture for A/GB mode

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.

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. 

 AUTONUMLGL Transport Blocks 

Transport blocks are the basic units that are exchanged on a transport channel between the MAC and the Physical Layer. Transport blocks transmitted on different transport channels within a TTI need not be the same size.

 AUTONUMLGL Transport Format Combination

A Transport Format Combination (TFC) is defined as an allowed combination of transport format(s) of the different transport channels that are multiplexed together on a basic physical subchannel. A Transport Format Combination Index (TFCI) identifies a TFC. The TFCI is transmitted in a radio block to enable the receiver to be able to decode the block. In GERAN, up to 32 TFCs can be defined. The size of the TFCI that is transmitted within a radio block is dependent on the number of TFCs that are configured. A 5 bit TFCI is required to support 32 TFCs.

 AUTONUMLGL Impacts on Protocol Entities

 AUTONUMLGL GRR

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

A GRR entity is created within the MS when the MS receives a Dedicated Assignment message (RLC/MAC control message) containing an indication that GRR is required and a GRR entity does not already exist. In the BSC, a GRR entity is created for an MS when a PFC is created whose QoS requires a channel that supports conversational services, 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:-

· Configuration of default control plane stack with FLO parameters

· Creation and deletion of transport channels for user plane PFCs

· Configuring the set of allowed transport formats on each transport channel for user plane PFCs

· Defining the mapping of user plane PFCs/TBFs onto transport channels for the basic physical subchannels on which the TBF is defined

· Configuring the set of transport format combinations.

· Defining the frame number from which the configuration is valid

A default FLO configuration is defined for the default control plane stack for a FLO based resource to allow the sending of GRR signalling and RLC/MAC control messages immediately on the allocation of the FLO based resource. The FLO configuration associated with the default control plane stack is hard-wired in the MS and the BSC. The parameters associated with this default configuration are defined in section 7.2. 

The GRR entity in the BSC passes the FLO configuration for the user plane PFCs to the GRR entity in the MS in a GRR FLO Assignment message. 

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. The exact information to be sent to the MS within the GRR PS Handover Command depends on the commonality between the supported FLO configurations in the original and target cells, and is FFS). 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. Nb Since the RLC block formats used when FLO is supported are not compatible with those used when FLO is not supported, then it is not possible to maintain the RLC instance on moving from a cell that supports FLO to one that does not, or vice versa.

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  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. 

In RLC-AM, RLC PDUs may be retransmitted on any of the TBFs timeslots. Thus the set of allowed transport formats for the TBF must be common on all of a TBF’s timeslots. When the RLC indicates to the MAC the amount of data it has available for transmission it must also indicate if any of the data is being retransmitted. If the data is being retransmitted then the MAC should be informed of the Transport Format of the original transmission. The MAC has to be aware of the re-segmentation capabilities of the RLC. If re-segmentation is not possible then the transport format that is selected for the retransmission must have the same transport block size as the original transmission.

When the MAC has decided upon a TFC to use, each RLC instance that has been selected to transmit has to be given the size of the transport block to use in transmission. The RLC has to take into account the transport block size rather than the size of the radio block. It may be beneficial if the MAC informs the RLC as to how much RLC data can be included in the transport block so that the RLC does not need to be aware of the size of the MAC header.

Support of FLO should have no significant impact on the behaviour of the LI indicator in the RLC/MAC header. One minor difference is that references to ‘filling to the end of the block’ should be interpreted as filling to the end of the transport block rather the radio block.

 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 for each basic physical sub-channel. The mapping information for RLC/MAC control blocks will have to take into account the uplink control timeslot, if configured.

· 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 in the MS and the BSC to select the best TFC it needs to be aware of how much data is available to be sent for each priority. How priority is specified is FFS. If there is no RLC data available to transmit the MAC will transmit Dummy Control blocks.

At each transmit interval the MAC selects the best TFC available. The transport blocks are assembled and transferred to each transport channel A transport block sent on a given transport channel within a TTI are of the same transport format, defined by the TFIN.

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)

· It is FFS as to whether signalling data (ie GRR messages) may be multiplexed with user data or other Signalling data within a radio block

RLC/MAC control messages shall be sent in a radio block of size 184 bits. Only one RLC/MAC control message may be contained in a radio block. Also, a RLC/MAC control message shall not be multiplexed with any other message in a radio block. This is to avoid having to specify any new segmentation schemes for RLC/MAC control messages.

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. The PT field is used to indicate if the RLC/MAC block contains a RLC/MAC control message or RLC data.

The MAC layer may also need to know from which frame number the configuration is valid in order to be able to correctly decode/encode the transport blocks. Also, during Handover the configuration in the 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 MAC supplies the PHY with transport blocks and TFIN for each transport channel at each Transmit Time Interval (TTI). The PHY then has to determine the TFCI for this combination of transport formats. If nothing is to be transmitted on a transport channel then the TFIN indicates the empty transport format. When transmitting a radio block the physical layer encodes the TFCI in the radio block. 

The physical layer at the receiver is able to decode the received radio block 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 in order to be able to correctly decode/encode the transport blocks. Also, during Handover the configuration in the original and target cell need to be maintained in case of Handover failure.

 AUTONUMLGL FLO Configuration

 AUTONUMLGL General

Each timeslot may contain up to 8(FFS) transport channels, with each transport channel being able to support up to 32(FFS) transport formats. Each transport channel is assigned as identity (TrChId) and each transport format that is defined on a transport channel is identified by a TFIN. For each timeslot, up to 32(FFS) transport format combinations may be defined.

 AUTONUMLGL Default FLO Configuration

The purpose of the default FLO configuration for the default control plane stack is to immediately allow the sending of GRR signalling and RLC/MAC control messages on a FLO resource. 

The default FLO configuration consists of:

· Default TFCI (TFCI=0) allowing one transport channel to transmit one block of 184 bits. 

· Transport channel(s) (TrChId=1) and transport format (TFIN=1) associated with the above.

· Mapping of GRR signalling TBFs (with default TFIs) onto above transport channel with default transport format. 

User plane PFCs may be configured to use the default FLO configuration.

 AUTONUMLGL Configuration of user and control planes

Configuration of GRR signalling TBFs with a non-default FLO configuration is FFS.

Configuration of the user plane stack for FLO involves defining how a user plane TBF is mapped to transport channels on each of the TBF’s timeslots. An example configuration is shown in Figure 2 in order to clarify how this mapping may be achieved in practice. 

The list of configured transport channels and transport formats on timeslots 1 and 2 are shown in Table 1. For each TBF, a list of allowed transport formats on a transport channel is specified for each of the TBF’s timeslots. This is specified in Table 4. The set of transport format combinations for timeslots 1 and 2 are shown in Table 2 and Table 3, respectively.
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Figure 2 Example configuration for mapping TBFs to transport channels

	Timeslot TS1
	Timeslot TS2

	
	

	Transport Channel TrCh1
	Transport Channel TrCh1

	TFIN
	Block Size
	TFIN
	Block Size

	0
	0 bits
	0
	0 bits

	1 
	184 bits
	1
	184 bits

	
	
	
	

	
	
	
	

	
	

	Transport Channel TrCh2
	Transport Channel TrCh2

	TFIN
	Block Size
	TFIN
	Block Size

	0
	0 bits
	0
	0 bits

	1
	100 bits
	1
	100 bits

	2
	200 bits
	2
	200bits

	
	

	Transport Channel TrCh3
	Transport Channel TrCh3

	TFIN
	Block Size
	TFIN
	Block Size

	0
	0 bits
	0
	0 bits

	1
	60 bits
	1
	240 bits

	2
	160 bits
	2
	160 bits

	
	


Table 1List of transport formats for each transport channel on timeslots 1 and 2

	TFCI
	TrCh1
	TrCh2
	TrCh3

	0 (Default TFCI)
	1
	0
	0

	1
	0
	2
	0

	2
	0
	0
	2

	3
	0
	1
	1


Table 2 TFCs for timelsot 1

	TFCI
	TrCh1
	TrCh2
	TrCh3

	0 (Default TFCI)
	1
	0
	0

	1
	0
	2
	0

	2
	0
	0
	2

	3
	0
	0
	1


Table 3 TFCs for timeslot 2

	Temporary Block Flow (TBF)
	Timeslot 1
	Timeslot 2

	
	TrCh
	Allowed TFINs
	TrCh
	Allowed TFINs

	1 (multislot -AM)
	2
	0
	2
	
	2
	0
	2
	

	2
	2
	0
	2
	
	
	
	
	

	3
	1
	0
	1
	
	
	
	
	

	4 (multislot-UM)
	3
	0
	1
	2
	3
	0
	1
	2

	5
	
	
	
	
	3
	0
	1
	

	GRR-AM TBF (multislot)
	1
	0
	1
	
	1
	0
	1
	

	GRR-UM TBF (multislot)
	1
	0
	1
	
	1
	0
	1
	


Table 4 TBF to transport channel mapping information

The above configuration has made the following assumptions:

1. A transport format with a transport block size of zero shall be defined for each transport channel, ie transport channel doesn’t not send anything in the TTI when this TFIN is selected. The TFIN of this transport format =0.

2. User plane TBFs may use the default FLO configuration that is defined for sending GRR signalling and RLC/MAC control messages (eg TBF3).

3. For a TBF using RLC-AM that is mapped onto multiple timeslots, the allowed transport formats are common on all of the TBF’s timeslots. The transport channels and transport formats need not have the same identity on each of these timeslots. However, it may be beneficial to make them common as it could reduce the signalling between the BSC and the MS.

4. For each TBF a TFC has been defined that allows the sending of one block from this TBF and no blocks from any other TBF. Should this be done on each of the TBF’s timeslots?

5. For a TBF using RLC-UM that is mapped onto multiple timeslots, the allowed transport formats may not be common on all of the TBF’s timeslots.

Alternatively, the above configuration could be specified by a common FLO configuration for all of the timeslots. This is highlighted in the Table 5 to Table 7. 

	Transport Channel TrCh1

	TFIN
	Block Size

	0
	0 bits

	1 
	184 bits

	

	Transport Channel TrCh2

	TFIN
	Block Size

	0
	0 bits

	1
	100 bits

	2
	200 bits

	

	Transport Channel TrCh3

	TFIN
	Block Size

	0
	0 bits

	1
	60 bits

	2
	160 bits

	3
	240 bits


Table 5 List of transport formats for each transport channel on each timeslot

	TFCI
	TrCh1
	TrCh2
	TrCh3

	0 (Default TFCI)
	1
	0
	0

	1
	0
	2
	0

	2
	0
	0
	2

	3
	0
	1
	1

	4
	0
	0
	3


Table 6 TFCs for each timelsot

	Temporary Block Flow (TBF)
	Mapping information for all timeslots

	
	TrCh
	Allowed TFINs

	1 (multislot -AM)
	2
	0
	2
	

	2
	2
	0
	2
	

	3
	1
	0
	1
	

	4 (multislot-UM)
	3
	0
	1
	2

	5
	3
	0
	3
	

	GRR-AM TBF (multislot)
	1
	0
	1
	

	GRR-UM TBF (multislot)
	1
	0
	1
	


Table 7 TBF to transport channel mapping information

The main points to note from the above alternative FLO configuration are that:

1. The TFCI field has increased from 2 bits to 3 bits (there are now 5 TFCs)

2. The size of the FLO configuration data that has to be signalled to the MS may have decreased as the configuration is common to all timeslots. However, this data is only signalled as TBFs are added/deleted or reconfigured.

3. For each timelsot the MAC has now has to evaluate 5 TFCs rather than 4

4. TFC 4 has no relevance to timeslot 1 as no TBF on timeslot 1 is allowed to use TF 3 on transport channel 3.

 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 for user plane PFCs. 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.

The paper also considers how to configure FLO for the user plane. A comparison is made of having the FLO configuration common to all timeslots with having the FLO configuration specific to the TBFs on a timeslot. Having the configuration common to all timeslots may result in a smaller amount of configuration data being transferred in the GRR FLO assignment messages. However, it may be more efficient in terms of usage on the radio interface to have the configuration specified per timeslot. Thus the coding of the GRR FLO assignment message should support both options.

It is intended to add the main impacts of FLO to the GRR, RLC, MAC and PHY entities to the Conversational TR. This is covered in contribution GP-031867.
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