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Changes to the RLC/MAC to Support Conversational QoS

1. Introduction

Potential enhancements to RLC and MAC layer services and functions for Gb mode operation are considered in order to provide support for conversational class service. 

2. RLC/MAC Without FLO

2.1 Radio Link Control (RLC)

The impacts of conversational class service on RLC where a legacy PDTCH is used (i.e. FLO is not used at the physical layer) are considered. 
2.1.1 Services Provided by RLC to Upper Layer

Existing Services

· Unacknowledged data transfer

· This service supports the transmission of higher layer PDUs without guaranteeing delivery of such to the peer RLC entity.

· Notification of unrecoverable errors

· RLC notifies the upper layer of errors that cannot be resolved by RLC itself by normal exception handling procedures.

· Notification of discard

· RLC notifies the upper layer of the higher layer PDUs (RLC SDUs) it discards.

· In RLC UM, the RLC entity at the receiving end provides this notification.

· A local suspend/resume function

· This function is used for class B operation where a packet data transaction is interrupted in order to establish a CS call. It is not needed for conversational class service.

New Services

· New Primitives for Sending Handover Related Messages (e.g. GRR)

· A TBF established for a conversational class service will be subject to handover treatment, which means that new primitives between RLC and GRR will be needed to support the transmission of GRR signaling.

2.1.2 RLC Functions in Unacknowledged Mode

Existing Functions

· Segmentation of upper layer PDUs into RLC data blocks

· Concatenation of RLC data blocks into upper layer PDUs

· Padding to fill out an RLC data block

· Discard of RLC Data Blocks 

· RLC data blocks are discarded if they are determined to be erroneous according to parity bits.

· Error detection based on 16 parity bits for CS1 – CS4.

· Error detection based on 8 parity bits for header coding and 12 parity bits for data coding for MCS1 – MCS9.

· Re-assembly 

· RLC data blocks are re-assembled into upper layer PDUs.

· Sequence number check

· RLC data block sequence numbers are checked to detect lost data blocks.

· In-sequence delivery of upper layer PDUs

· Upper layer PDUs will be delivered in-sequence by the receiving end RLC entity to the maximum extent possible (i.e. RLC data blocks received in error according to parity bits will result in the associated upper layer PDU being discarded).

· Link Adaptation

· RLC data block size is adapted to the modulation and channel coding in effect at the physical layer.

New Functions

· RLC Indication of GRR Signaling

· The BSC or the MS may decide to steal bandwidth from an established uplink or downlink TBF in order to send GRR signaling. In this case RLC must provide an indication of when GRR signaling is being carried as RLC PDU payload. 

· The function of RLC PDU headers must therefore be expanded to indicate if the RLC PDU payload consists of RLC control plane information (i.e. PACCH), upper layer user plane information (i.e. LLC PDUs) or upper layer control plane information (i.e. GRR).

2.2 Medium Access Control (MAC)

MAC is assumed to operate on a PDTCH having legacy physical layer attributes. Multiple TBFs belonging to the same or different mobile stations may be allocated to any given time slot.

2.2.1 Services Provided by MAC to Upper Layers

Existing Services

· Data transfer

· This service supports the unacknowledged transfer of RLC PDUs between peer MAC entities. 

· This service does not provide any data segmentation (i.e. each RLC PDU is mapped into a single MAC PDU). 

New Services

· No new MAC services are foreseen.

2.2.2 MAC Functions

Existing Functions

· TBF Mapping 

· The MAC is responsible for mapping a TBF onto one or more basic physical subchannel(s).

· TBF Resource Management

· The MAC manages the allocation, re-allocation of radio resources required for a TBF and the release of such resources when no longer required.

· Multiplexing of Higher Layer PDUs

· The MAC supports priority handling between PFCs associated with one or more mobile stations based on QoS attributes associated with each PFC.

· User Plane and Control Plane Multiplexing

· The MAC supports multiplexing of user plane (i.e. RLC data blocks) and control plane (i.e. RLC/MAC control blocks) transmissions for any given mobile station.

· Differentiation between control plane and user plane payload is accomplished via payload stealing (e.g. using payload type of the MAC header).

· MS measurement Reporting and Control

· The MAC sends messages on the PBCCH and PACCH to control mobile station measurement reporting.

· The MAC also manages the reporting of measurements sent from a mobile station to the network using PACCH.

· Broadcasting and Paging

· In the network the MAC sends packet system information messages on the PBCCH of the serving cell. 

· In the mobile station the MAC receives packet system information messages sent on the PBCCH of the serving cell. 

· In the network the MAC sends paging information on the PCCCH and in the mobile station it monitors the paging occasions according to the DRX cycle. 

· In the mobile station the MAC notifies the RR sub-layer when receiving a paging message.

· In the network, the MAC is responsible for aggregating and sending paging messages addressed to one or more mobile stations when received from the RR sub-layer.

· Timing Advance Control

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

New Functions

· User Plane and Control Plane Multiplexing

· If resources from a conversational class TBF are stolen to support associated GRR signaling then the MAC must support the multiplexing of user plane and control plane information on the same TBF (e.g. using TFI).

· If a new TBF is established to support GRR signaling then the RLC end points associated with this TBF will implicitly understand that the TBF carries GRR signaling and the MAC will not need to perform a multiplexing function on the TBF.

· Multiple TBF Operation

· The MAC supports multiple TBF operation for a single mobile station.

2.3 Summary of Impacts

The impacts of conversational class service on RLC and MAC operation when a legacy PDTCH is used for TBF realization are as follows:

· RLC must support new primitives to communicate with GRR for TBF handover procedures.

· RLC PDU header must indicate the presence of GRR payload to support the transmission of Handover related messages (e.g. via a GRR entity).

· MAC must support the multiplexing of user plane payload and control plane payload (GRR) using the same TBF.

· MAC must support the multiplexing of multiple TBFs for a single mobile station.

3. RLC/MAC With FLO

3.1 Radio Link Control (RLC)

The impacts of conversational class service on RLC where an evolved PDTCH is used (i.e. FLO is used at the physical layer) are considered. 
3.1.1 Services Provided by RLC to Upper Layer

RLC provides the same upper layer services as for conversational class service realized using a legacy PDTCH (see section 2.1.1). In addition, the following new services are also supported:

· Transparent Data Transfer

· This service offers a zero overhead RLC layer.

· This service provides no support for segmentation of higher layer PDUs and does not provide guaranteed delivery of higher layer PDUs.

3.1.2 RLC Functions in Unacknowledged Mode

RLC provides the same functions as for conversational class service realized using a legacy PDTCH (see section 2.1.2) except for the following:

· Segmentation

· RLC shall segment upper layer PDUs into one or more RLC PDUs.

· RLC PDU Parsing

· RLC shall be aware of the TrCHs allocated for the TBF it is associated with and also be aware of the current channel conditions (i.e. the channel coding applied to each TrCH). 

· Each RLC PDU derived from an upper layer PDU shall be sent down to MAC with an indication of how the PDU is to be parsed into a number of bit groups so that MAC can map each bit group onto an appropriate TrCH. 

· RLC shall determine if the number of payload bits within each bit group can be sent on their associated TrCH during one TTI for the current channel conditions. 

· If RLC determines that there are too many payload bits to be sent during a single TTI for any given TrCH, it may either invoke RLC segmentation of the upper layer PDU (i.e. an LLC PDU) such that the RLC PDU is sent over multiple TTIs or send the full RLC PDU down to MAC where dynamic adjustments to per TrCH bandwidth may be used (see section 3.2.2).

· Padding Function 

· Each PFC is realized using a single RLC engine that transmits each RLC PDU over one or more TrCHs.  Padding of RLC PDUs to adjust to a pre-defined data block size may or may not be required depending on the application supported.

· Reduced Residual Error Rate

· Reduced residual error rate may be supported for CS1 to CS4 through the use of 24 parity bits to avoid the use of FCS at LLC (FFS). Note that parity bits are added as part of the channel coding process but may be considered as part of the RLC error detection capability.

· Reduced residual error rate may be supported for the header and data portions associated with MCS1 to MCS9 to avoid the use of FCS at LLC (FFS).

3.1.3 RLC Functions in Transparent Mode

· RLC PDU Parsing

· Upon receiving an upper layer PDU (i.e. from LLC) RLC shall always map it directly into a single RLC PDU (i.e. no segmentation shall be applied and no header shall be added). In other words, in transparent mode RLC will nor adapt to channel conditions.

· RLC shall be aware of the TrCHs allocated for the TBF it is associated with. 

· Each RLC PDU derived from an upper layer PDU shall be sent down to MAC with an indication of how the PDU is to be parsed into a number of bit groups so that MAC can map each bit group onto an appropriate TrCH. 

· An RLC PDU derived from an upper layer PDU shall always be sent down to MAC regardless of the number of payload bits present within each bit group. It is assumed that MAC will make the multiplexing and channel coding decisions necessary to ensure proper treatment of the bits belonging to any given bit group (see section 3.2.2).

· Padding Function 

· Each PFC is realized using a single RLC engine that transmits each RLC PDU over one or more TrCHs.  As such, no padding of RLC PDUs to adjust to a pre-defined data block size (i.e. as per legacy mode operation) is required.

· Reduced Residual Error Rate

· Same as for RLC UM (see section 3.1.2).

3.1.4 RLC Functions in Acknowledged Mode

RLC provides the following functions in acknowledged mode for conversational class service:

· Segmentation

· Same as for RLC UM (see section 3.1.2).

· RLC PDU Parsing

· Same as for RLC UM (see section 3.1.2).

· Concatenation of RLC PDUs into upper layer PDUs

· In-sequence delivery of upper layer PDUs

· Padding Function 

· Same as for RLC UM (see section 3.1.2).

· Backward Error Correction (BEC) 

· BEC procedures based on error detection enable the selective retransmission of RLC PDUs.

· Error detection is based on the parity bits supported on the TrCH(s) used to send an RLC PDU. If multiple TrCHs are used to send any given RLC PDU then an error detected for the payload sent on any given TrCH during any given TTI will result in the entire RLC PDU being considered as erroneous.

· Error detection is based on16 parity bits when CS1 – CS4 is used on a TrCH (FFS).

· Error detection is based on 8 parity bits for header coding and 12 parity bits for data coding when MCS1 – MCS9 is used on a TrCH (FFS).

· Either selective type I hybrid ARQ or selective type II hybrid ARQ (incremental redundancy) is used (FFS).

· Discard of Upper Layer PDUs 

· Upper layer PDUs not yet segmented into RLC PDUs are discarded according to the delay requirements of the QoS associated with a TBF.

· Reduced Residual Error Rate

· Same as for RLC UM (see section 3.1.2).

3.2 Medium Access Control (MAC)

MAC is assumed to operate on an evolved PDTCH having FLO centric physical layer attributes. Multiple TrCHs belonging to the same or different mobile stations may be allocated to any given time slot.

3.2.1 Services Provided by MAC to Upper Layers

MAC provides the same services as for conversational class service realized using a legacy PDTCH (see section 2.2.1).

3.2.2 MAC Functions

MAC provides the same functions as for conversational class service realized using a legacy PDTCH (see section 2.2.2). In addition, the following new functions are also supported:

· Mapping of Higher Layer PDUs onto TrCHs

· MAC supports the mapping of upper layer PDUs (i.e. RLC PDUs) associated with any given PFC onto one or more companion TrCHs (i.e. a single RLC engine is supported using one or more TrCHs) where each TrCH is considered as a TBF operating on a dedicated channel.

· Each bit group indicated for an upper layer PDU will also have an associated QoS, allowing FLO to provide unequal error protection (UEP) on the associated TrCH.

· MAC will map each bit group of an upper layer PDU onto a specific TrCH based on a TTI of 20 ms.
· A TrCH may support either a variable or a fixed payload rate as determined by the application supported. For a variable payload rate TrCH the number of payload bits sent during any given TTI ranges from zero up to a certain maximum. The maximum is determined by the channel coding applied to the TrCH and the characteristics of companion TrCHs sharing the same timeslot (i.e. whether or not the companion TrCHs support a variable payload rate).

· A TrCH is a dedicated resource allocated during TBF establishment and is limited to a single time slot.

· The set of companion TrCHs required to support an application may be allocated to the same or different timeslots. 

· For the case where one timeslot supports multiple TrCHs associated with the same PFC, the MAC may choose to dynamically adjust the amount of bandwidth provided for any one of the TrCHs to zero during one or more consecutive TTIs. This may be done in order to maximize the bandwidth for the highest priority TrCH(s) for a period of time as determined by MAC.

· User Plane and Control Plane Multiplexing

· The MAC supports multiplexing of user plane (i.e. RLC data blocks) and control plane (i.e. RLC/MAC control blocks and GRR messages) transmissions for any given mobile station.

· Differentiation between control plane and user plane payload may be accomplished using different TrCHs or via payload stealing using a single TrCH.

· Payload stealing can be accomplished using TFCI (i.e. part of FLO header) or using MAC PDU header (e.g. payload type).

· Timing Advance Control

· The MAC controls the operation of timing advance on TrCHs.

3.3 Summary of Impacts

The impacts of conversational class service on RLC and MAC operation when an evolved PDTCH is used for TBF realization are as follows:

· RLC must support transparent mode operation.

· MAC must support TrCH based multiplexing for a FLO based physical layer.

· RLC must parse RLC PDU content to provide MAC with TrCH friendly payload (i.e. RLC must be made SDU format aware).

· RLC based TBF establishment procedures must be expanded to include the allocation of TrCHs to a timeslot and an indication of which TrCH each TBF is associated with.

· Enhanced protection against residual errors at RLC may be desirable (FFS).

4. Conclusion

For conversational class service realized using a legacy PDTCH, a minimal set of enhancements to RLC and MAC are foreseen as summarized in section 2.3.

For conversational class service realized using an evolved PDTCH, a much more demanding set of enhancements to RLC and MAC are foreseen as summarized in section 3.3.
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