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Implications of the Introduction of FLO to the GERAN MAC Layer

1. Introduction

This document is intended as an initial investigation in how introducing the Flexible Layer One (FLO) concept to GERAN will affect the GERAN MAC layer. The document is intended to be general in nature, the source of further discussion and investigation. We outline the MAC functionality of both GERAN and UTRAN (which already has a “flexible layer one”), and outline which areas of the GERAN MAC will need to be changed to accommodate FLO.

2. General Concepts

The following section outlines the MAC aspects of UTRAN and GERAN. UTRAN already possesses a “flexible layer one”, and thus a comparison of the functionality of UTRAN’s MAC (with FLO) and GERAN’s MAC (without FLO) is useful- it shows how we can improve the performance of GERAN, and also highlights areas of the GERAN MAC that would be affected by the introduction of FLO.

2.1 UTRAN

· The physical layer in UTRAN offers the MAC layer “transport channels” for carrying data. These transport channels can be either dedicated transport channels, dedicated to one user, or common transport channels, shared between users. Transport channels can carry both user and control plane traffic.

· The transport channels offered by the physical layer to the UTRAN MAC can have various transport configurations (formats). For example, a number of transport channels may be offered by the physical layer to the MAC layer, and each of these may have different transport attributes such as block size, coding rate, CRC size, and so on. At transmission time, an indication of the transport configuration of this transport channel is included so the receiver knows the transport attributes of each channel. Higher layers configure the set of transport channels available at any one time.

· The MAC layer in UTRAN offers higher layers “logical channels” for carrying data. The MAC layer must map logical channels onto the transport channels available to it. This mapping is generally fairly fixed, in that each logical channel may only be mapped to a predetermined list of transport channels. However, one particular transport channel can have multiple transport formats (attributes such as coding rate, CRC size, etc) available to it. Thus, in mapping a logical channel to a transport channel, the MAC layer must also choose an appropriate transport format (coding rate, block size, etc), based on the instantaneous source rate of the data it wishes to send. 

· Multiple applications on one UE in UTRAN can share transport channels, and the MAC layer is responsible for controlling priority of access to the transport channels. For example, the physical layer may offer the MAC layer a number of transport channels with different configurations- some more appropriate for carrying high bit rate traffic, others more appropriate for carrying low bit rate traffic. Above the MAC layer, a number of applications may be wishing to transmit data at the same time, and thus the MAC layer must prioritise which application data is sent to which transport format.

2.2 GERAN

· The physical layer in GERAN offers the MAC layer “logical channels” for carrying data. These logical channels have predefined code rates, block sizes and so on. 

· Logical channels can be split into two groups- common channels and dedicated channels. Common channels are generally used for system control information, and multiple users share one common channel at any one time. Dedicated channels are used for both system control information and user traffic. A dedicated channel is dedicated to one particular user at any time.

· Logical channels are categorised based on their function, generally dependant on whether they are carrying control or user plane traffic. This categorisation influences the transport configuration (code rate, block size, etc) of the logical channel.

· Various combinations of logical channels can be used together on one basic physical subchannel at any one time. What logical channels can be used together is predetermined by the GERAN specifications, which specify a number of valid logical channel combinations. It is up to the MAC layer to decide which combination of logical channels it will use at a particular time.

· As there is only a limited set of logical channel combinations available, and each logical channel has predetermined transport characteristics such as code rate, block size, and so on, the transport formats (code rate, block size, etc) available at any one time are quite limited. This lack of flexibility can be a problem when trying to support various traffic types, especially when considering multimedia traffic. 

2.3 FLO

· FLO tries to improve upon this limitation of GERAN by introducing similar features to UTRAN, where the physical layer offers transport channels to the MAC layer, and the exact transport format of these transport channels can be varied, thus, the transport formats available can be tailored to the traffic to be carried. 

· To implement FLO, a number of changes to the GERAN MAC layer will be required, in order to further align it with the UTRAN MAC layer, and thus cope with the new style of service offered by the physical layer. This document presents an initial overview of these changes.

3. Broad Comments

The introduction of the FLO concept to GERAN will affect a variety of areas of the GERAN MAC layer functionality. General considerations include:

· Considering the MS MAC entity, in GERAN this entity does not have any real “intelligence” regarding the traffic it is taking care of, and how this traffic should be treated- the mapping onto logical channels occurs on a predefined, fixed basis, and the network takes care of issues such as scheduling and priority handling. Such traffic and QoS “intelligence” exists in UTRAN, in that the UTRAN MAC selects an appropriate transport channel (and format) for the data it is to transmit. Similar functionality will be required in the GERAN MAC with the introduction of FLO- the MAC will need to select an appropriate transport format for traffic, it may need to prioritise between different traffic streams trying to access one transport channel, and so on. 

· UTRAN allows the multiplexing of services with similar QoS attributes onto the one transport channel. GERAN has a similar functionality, in that packets from higher layers can be multiplexed/demultiplexed at the MAC, including limited priority handling between the packets. The introduction of FLO will allow further possibilities here, as control plane and user services can also be multiplexed, and so on- essentially, any data with similar QoS requirements can be multiplexed onto one transport channel.

· FLO will require new inter-layer interaction in GERAN. With the introduction of FLO, messages that indicate available transport formats, block sizes, and other FLO specific signalling, will need to be sent between the MAC and other layers.

· The impact of FLO on the control aspects of the GERAN MAC needs to be studied. FLO potentially introduces additional risk in the signalling component of the system, in that the complexity introduced by multiplexing traffic of different transport formats on one stream may cause the receiver to not receive control plane signals it normally would have. These aspects need to be investigated, identifying any potential delays or efficiency losses introduced by the added risk of control signal loss.

4. MAC Functionalities

The following section lists the individual MAC functionalities that are relevant to the introduction of FLO. We list GERAN MAC functionalities that will be affected by the introduction of FLO, and also UTRAN functionalities that could be added to the GERAN MAC with the introduction of FLO. The functionalities are divided into two groups- MAC functionalities required if FLO is to be used only on dedicated channels, and MAC functionalities required if FLO is to be also used on shared channels. Further details can be found in Annex A.

4.1 MAC FUNCTIONALITIES ON DEDICATED CHANNELS

The following tables list the GERAN MAC functionalities that will be affected if FLO is used on dedicated channels only.

Table 1. GERAN MAC functionalities that will be affected by FLO with the use of dedicated channels.
	Original GERAN MAC Functionality
	How FLO Will Affect This Functionality

	Mapping of logical channels to BPSCH.
	Rather than logical channels to BPSCH, logical channels will now need to be mapped to transport channels.

	Defining logical channels to be used for each bearer service.
	The mapping of logical channels to transport channels will require an awareness of the transport requirements of the traffic, and thus what transport channel/format is appropriate for this traffic.

	Multiplexing/Demultiplexing of higher layer PDU’s
	Should provide appropriate mechanisms for the multiplexing of higher layer PDU’s with similar QoS requirements onto one transport channel. Whilst similar functionality already exists with GERAN, the implications of introducing transport channels needs to be examined.

	Splitting/Recombining
	This role might become complicated with the introduction of FLO. Though it is required for multislot operation.


Table 2: UTRAN MAC functionalities that should be introduced to GERAN with the use of FLO on dedicated channels.
	UTRAN Functionality
	Why It Should Be Introduced to GERAN

	Selection of appropriate transport format for each transport channel.
	With FLO, GERAN will also need to choose an appropriate transport channel and suitable transport format for the traffic to be sent. Consequently, some method of understanding the transmission requirements of the traffic is also required. This will also require a priority mechanism- a limited number of transport formats are available in a transport format set, and access to the transport formats available may require prioritising between transport channels.

	Priority handling between data flows of one UE.
	FLO will introduce a choice of transport formats for GERAN. Exactly what applications should use what formats at any time needs to be controlled by some sort of priority mechanism.


4.2 MAC FUNCTIONALITIES ON SHARED CHANNELS

In addition to the functionalities listed above, if FLO is also to be used on the GERAN shared channels, the following MAC functionalities will be affected:

Table 3: GERAN MAC functionalities that will be affected by FLO with the use of shared channels.
	Original GERAN MAC Functionality
	How FLO Will Affect This Functionality

	Assignment, reconfiguration and release of shared radio resources for a TBF.
	FLO changes the resources that are available to the MAC layer, in that transport channels, rather than a particular logical channel associated with a physical channel, are now available to the MAC. So in managing the radio resources for shared physical channels, the MAC must use transport channels, possibly complicating issues such as ensuring a particular QoS on the shared channel, multiplexing control and user plane traffic, backwards compatibility, and so on.

	Scheduling of RLC/MAC data and control PDU’s on shared BPSCH
	FLO may complicate this scheduling functionality, as with FLO, a number of different traffic streams from higher layers may need to be multiplexed onto one transport channel. If control traffic is also to be multiplexed, the MAC layer will need to ensure control traffic has an appropriate priority to access a suitable transport channel, and so on.

	Method of coping with legacy terminals.
	If FLO is to be used on shared channels, it may be possible for “FLO-capable” and “non-FLO-capable” MS to operate on one shared channel. This could be quite complicated, and appropriate mechanisms for allowing such backwards compatibility would be necessary,


Table 4: UTRAN MAC functionalities that should be introduced to GERAN with the use of FLO on shared channels.
	UTRAN Functionality
	Why It Should Be Introduced to GERAN

	Traffic volume measurement & reporting
	By monitoring the traffic carried on transport channels- what transport formats are under-utilised, and what formats are over-utilised, the GERAN network can adapt the available transport formats in a transport format set to suit the current traffic conditions. The MAC would take care of such measurement and reporting.

	Transport channel switching
	If, whilst an MS is operating on a shared channel, and network changes the transport channels available, the MAC will need to be aware of this change, and consequently switch to the appropriate transport channel from those available.

	Access Service Class selection
	With the added flexibility of FLO, some sort of advanced priority mechanism, perhaps a class-based mechanism such as in UTRAN, would be advantageous in GERAN.


5. Conclusions

The introduction of FLO will affect a variety of aspects of the GERAN MAC layer. MAC functions that will be directly influenced by the introduction of FLO are:

· The logical channel mapping.

· The MAC QoS and prioritisation functionality.

· The MAC multiplexing functionality.

Additionally, the use of FLO with shared channels in GERAN would be quite complicated. If FLO is to be used with the GERAN shared channels, the following optional issues should be considered:

· FLO will affect the assignment, release and other shared channel management functions of the MAC.

· FLO will complicate the scheduling function on shared channels.

· Some form of traffic measurement and reporting may be necessary.
· The issue of backwards compatibility may be complicated if FLO is used on shared channels.

· The introduction of access service classes, as per UTRAN, may be useful in prioritising access to the GERAN shared channels.
annex a: comments on the specifications

The following section contains extracts from the GERAN and UTRAN specifications. The non-italicised text is copied straight from the relevant specification. The text in italics lists general comments as to how the introduction of FLO is relevant to the particular items mentioned in the specification. For the GERAN specification, we mention how a particular item may be no longer necessary, or may require modification, and for the UTRAN specification, we mention how a particular UTRAN item may need to be introduced to GERAN. Extracts in the GERAN section with no comments are MAC functionalities that the introduction of FLO will not change, but are still required. Extracts in the UTRAN section with no comments are not relevant to GERAN.

1. GERAN MAC Duties [1]

The functions of the MAC include:

· Configuring the mapping between logical channels and basic physical subchannels. The MAC is responsible for configuring the mapping of logical channel(s) onto the appropriate basic physical subchannel(s).
Rather than logical channels to BPSCH’s, it will now be necessary to map logical channels to transport channels, including consideration of the requirements of traffic priorities, multiple services, and so on.

· Defining logical channels to be used for each radio bearer service. This function includes mapping of signalling radio bearers onto logical channels.
As above, the mapping of data onto transport channels will need to include consideration as to what are the transport requirements of the data, whether it be a particular bearer service, command plane data, etc. Rather than defining how a particular bearer is associated with a logical channel, with FLO the network must now consider what transport channel (and format) is appropriate for the bearer. Although the network will be responsible for establishing the available transport channel formats, the MAC layer will play a role in determining what particular transport format is used by a bearer.

· Assignment, reconfiguration and release of shared radio resources for a TBF. The MAC layer may handle the assignment of radio resources on SBPSCH(s) needed for a TBF including needs from both the control and user plane. The MAC layer may reconfigure radio resources of a TBF on SBPSCH(s).

This role will continue to be necessary. Whilst FLO will not affect channel setup/tear down roles, FLO’s introduction to the shared channels would add additional complication, and deserves further study.

FLO changes the resources that are available to the MAC layer, in that transport channels, rather than a particular logical channel associated with a physical channel, are now available to the MAC. So in managing the radio resources for shared physical channels, the MAC must use transport channels of various transport formats, possibly complicating issues such as ensuring a particular QoS on the shared channel, multiplexing control and user plane traffic, backwards compatibility, and so on.

· MS measurement reporting and control of the reporting. The MAC layer is responsible for sending information that controls the MS measurement reporting when using PBCCH or PACCH channels. The MAC layer also performs the reporting of the measurements from the MS to the network using PACCH.

· Broadcasting/listening of/to PBCCH and PCCCH. The MAC layer broadcasts/listens (to) the PBCCH of the serving cell for the sending/decoding of packet system information messages. The MAC layer also sends paging information on the PCCCH and monitors the paging occasions according to the DRX cycle. Within the Mobile Station, the MAC layer notifies the RRC layer when receiving a paging message; within the network, it is responsible for aggregating and sending paging messages addressed to one or more Mobile Stations when received from the RRC layer.

· Timing advance control. The MAC layer controls the operation of timing advance on shared basic physical subchannels.

Additional functions for RLC transparent mode:

· Ciphering. The MAC is responsible for ciphering user data blocks (MAC SDUs).

Additional functions for RLC non-transparent mode:

· Ciphering. The MAC layer is responsible for ciphering layer 2 control blocks (RLC/MAC PDUs).

· Identification of different traffic flows of one or more MS’s on the basic physical subchannels. Inband identification is needed to address a flow to an MS in the downlink or identify a flow from an MS in the uplink.

· Multiplexing/demultiplexing of higher layer PDUs. This function includes priority handling between data flows of one or more mobile stations, e.g. by attributes of Radio Bearer services.

Such multiplexing will now occur onto transport channels- higher layer PDU’s with similar QoS requirements can be multiplexed onto one transport channel. 

The priority handling function here will be even more important with the introduction of FLO. FLO allows the multiplexing of various higher layer traffic flows onto one transport channel, and the MAC will be responsible for prioritising access to the available transport channels and formats.

· Multiplexing/demultiplexing user and control plane data to/from the physical layer. The MAC layer is responsible for multiplexing/demultiplexing RLC data blocks and RLC/MAC control blocks.
See above.

· Scheduling of RLC/MAC data and control PDUs delivered to the physical layer on shared basic physical subchannels. This includes USF and RRBP field monitoring for uplink transfer and sharing radio resources on the downlink.

FLO may complicate this issue, as with FLO, a number of different traffic streams from higher layers may need to be multiplexed onto one transport channel. If control traffic is also to be multiplexed, the MAC layer will need to ensure control traffic has an appropriate priority, transport format for correct reception, and so on.
· Splitting/recombining. This includes splitting/recombining of the RLC/MAC PDU flow belonging to one or more TBF(s) onto/from several shared logical channels. This function does not apply for RLC/MAC control blocks.

Such splitting/combining can be complicated by FLO. With the introduction of multiple transport channels for carrying RLC/MAC data, the concept of splitting/combining of one “flow” of data across various transport channels would be complicated- different transport channels have different QoS parameters, there may be difficult synchronisation issues and so on.

2. UTRAN MAC Duties [2]

· Mapping between logical channels and transport channels. The MAC is responsible for mapping of logical channel(s) onto the appropriate transport channel(s).

This functionality will need to be implemented in the GERAN MAC with the introduction of FLO.

· Selection of appropriate Transport Format for each Transport Channel depending on instantaneous source rate. Given the Transport Format Combination Set assigned by RRC, MAC selects the appropriate transport format within an assigned transport format set for each active transport channel depending on source rate. The control of transport formats ensures efficient use of transport channels.

The GERAN MAC will also need to be able to select an appropriate transport channel and suitable transport format for the data it is to transmit. To accomplish this, it will need some method of understanding the transmission requirements of the data arriving from higher layers (In UTRAN, the parameter used is the source rate).
· Priority handling between data flows of one UE. When selecting between the Transport Format Combinations in the given Transport Format Combination Set, priorities of the data flows to be mapped onto the corresponding Transport Channels can be taken into account. Priorities are e.g. given by attributes of Radio Bearer services and RLC buffer status. The priority handling is achieved by selecting a Transport Format Combination for which high priority data is mapped onto L1 with a "high bit rate" Transport Format, at the same time letting lower priority data be mapped with a "low bit rate" (could be zero bit rate) Transport Format. Transport format selection may also take into account transmit power indication from Layer 1.

This role will be necessary in the GERAN MAC. FLO introduces a limited set of transport formats to the MAC layer, and in assigning a transport format to a transport channel, the MAC will need to prioritise between transport channels, to ensure the “most needy” transport channels are assigned the transport format they require.

· Priority handling between UEs by means of dynamic scheduling. In order to utilise the spectrum resources efficiently for bursty transfer, a dynamic scheduling function may be applied. MAC realises priority handling on common and shared transport channels. Note that for dedicated transport channels, the equivalent of the dynamic scheduling function is implicitly included as part of the reconfiguration function of the RRC sublayer.

· Identification of UEs on common transport channels. When a particular UE is addressed on a common downlink channel, or when a UE is using the RACH, there is a need for inband identification of the UE. Since the MAC layer handles the access to, and multiplexing onto, the transport channels, the identification functionality is naturally also placed in MAC.

· Multiplexing/demultiplexing of upper layer PDUs into/from transport blocks delivered to/from the physical layer on common transport channels. MAC should support service multiplexing for common transport channels, since the physical layer does not support multiplexing of these channels.

· Multiplexing/demultiplexing of upper layer PDUs into/from transport block sets delivered to/from the physical layer on dedicated transport channels. The MAC allows service multiplexing for dedicated transport channels. This function can be utilised when several upper layer services (e.g. RLC instances) can be mapped efficiently on the same transport channel. In this case the identification of multiplexing is contained in the MAC protocol control information.

· Traffic volume measurement. Measurement of traffic volume on logical channels and reporting to RRC. Based on the reported traffic volume information, RRC performs transport channel switching decisions.

In UTRAN, the RLC indicates to the MAC the size of its data transmission buffer. This information, together with an awareness of the number of RLC PDU’s transmitted, gives the MAC layer an understanding of traffic volume on the different transport channels. The MAC compares these values with thresholds set by the RRC. If the amount of data is too high or too low, the MAC sends a report of this to the RRC, which uses these reports for reconfiguring radio bearers and/or transport channels. With the introduction of FLO, especially to shared channels (where the transport formats in a set can change during a packet flow context) some sort of similar functionality could be advantageous in GERAN- the RRC layer can use such traffic information to appropriately configure transport channels and radio bearers.

· Transport Channel type switching. Execution of the switching between common and dedicated transport channels based on a switching decision derived by RRC.

If FLO is used on the shared channels, then the transport formats available at any one time may switch during a packet flow context. If so, the MAC will need to perform reconfiguration and switching between the available transport formats.

· Ciphering. This function prevents unauthorised acquisition of data. Ciphering is performed in the MAC layer for transparent RLC mode. Details of the security architecture are specified in [15].

· Access Service Class selection for RACH and CPCH transmission. The RACH resources (i.e. access slots and preamble signatures for FDD, timeslot and channelisation code for TDD) and CPCH resources (i.e. access slots and preamble signatures for FDD only) may be divided between different Access Service Classes in order to provide different priorities of RACH and CPCH usage. In addition it is possible for more than one ASC or for all ASCs to be assigned to the same access slot/signature space. Each access service class will also have a set of back-off parameters associated with it, some or all of which may be broadcast by the network. The MAC function applies the appropriate back-off and indicates to the PHY layer the RACH and CPCH partition associated to a given MAC PDU transfer.

Such “Access Service Class” prioritisation mechanisms may be useful in GERAN. The advantages gained, and challenges involved in implementing such a mechanism in GERAN, is an area for further investigation. 

· HARQ functionality for HS-DSCH transmission. The MAC-hs entity is responsible for establishing the HARQ entity in accordance with the higher layer configuration and handling all the tasks required to perform HARQ functionality. This functionality ensures delivery between peer entities by use of the ACK and NACK signalling between the peer entities.

· In-sequence delivery and assembly/dissassembly of higher layer PDUs on HS-DSCH. The transmitting MAC-hs entity assembles the data block payload for the MAC-hs PDUs from the delivered MAC-d PDUs. The MAC-d PDUs that are assembled in any one MAC-hs PDU are the same priority, and from the same MAC-d flow. The receiving MAC-hs entity is then responsible for the reordering of the received data blocks according to the received TSN, per priority and MAC-d flow, and then disassembling the data block into MAC-d PDUs for in-sequence delivery to the higher layers.
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