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Multiplexing Enhancements for Single TBF Operation
1. Introduction
Multiple TBF was specified in Release 6 to yield better multiplexing on the radio interface between data flows having different QoS. A limitation of single TBF operation is in fact the impossibility to switch RLC mode during a TBF without releasing this TBF and re-establishing a new one. With e.g. PS conversational services that require transfer of SIP signalling using RLC Acknowledged mode and voice frames in RLC Unacknowledged mode or RLC Non-persistent mode, releasing the TBF and re-establishing a new one implies unacceptable service interruption and frame erasure (the same problem occurs with GMM, SM messages etc.). Multiple TBFs prevents this by allowing instead the establishment of a new concurrent TBF in the same direction. While the Multiple TBF offers high flexibility, it also requires a relatively high complexity, especially in terminals. 
This contribution proposes a solution to allow multiplexing on a single TBF of data in RLC non-persistent mode / unacknowledged mode and data in RLC acknowledged mode without requiring the release of the TBF and re-establishment of a new TBF.
2. Proposal
2.1 General

This contribution proposes a solution with the following requirements:

· Multiplexing of two RLC instances on a single TBF: one in RLC unacknowledged mode or non-persistent mode and one in RLC acknowledged mode

· Multiplexing granularity of one RLC PDU between the RLC instances

· Single TBF operation: update of single TBF procedures and signalling (assignment and reconfiguration)

· Usage under control of the network

· Multiple TBF not required

Based on these requirements, the solution needs to address:
· Identification of an RLC instance (on an RLC PDU basis) on a single TBF when two RLC instances are multiplexed

· Signalling support pertaining to each of the RLC instances (e.g. RLC protocol signalling)

· Multiplexing scheme (e.g. round robin) used in uplink between the two RLC instances having data to send on resources assigned to a single TBF
2.2 Solution: Sequence Number Space Split
A solution to multiplex acknowledged and unacknowledged/non-persistent RLC data on a single TBF is to allow within the same sequence number space, some data to be sent in acknowledged mode and some in unacknowledged/non-persistent mode. To this end it is proposed to split the sequence number space (SNS) into two parts and to use two RLC windows. The first window is used for the transfer of RLC data blocks in RLC unacknowledged/non-persistent mode as per 44.060 description. The second window is used for the transfer of RLC data blocks in RLC acknowledged mode, as per 44.060 description. Based on the BSN of an RLC data block the RLC receiver can identify to which RLC instance the data block belongs and what RLC mode is used. 
An example is shown on Figure 1. In this example, it is assumed that the amount of RLC data blocks requiring RLC acknowledged mode is not high. Therefore the corresponding window can be relatively small (WSACK) than the window used for data transfer in RLC unacknowledged/non-persistent mode (WSDATA). The example shown on the figure reflects the situation when SNS for RLC unacknowledged/non-persistent data uses BSN from 0 to 1983 and SNS for RLC acknowledged data ranges from 1984 to 2047. The size of WSACK allows in this example the transmission of an upper layer PDU (e.g. GMM signalling) of 704 octets using MCS-1 without stalling assuming there are no blocks pending acknowledgment.
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Figure 1: SNS split and Window Sizes
Details of this proposal are analyzed in the following subclauses.
2.3 RLC Data Blocks Transmission

The RLC transmitter has to manage incoming data from two RLC instances. In the uplink, the scheduling is supervised by the network on a TBF basis by means of the USF. An additional mobile station’s scheduling rule would thus have to be defined to multiplex RLC data blocks from the two RLC instances, in order to guarantee some consistent and predictable MS behaviour.
With an example assumption that RLC non-persistent mode would be mainly used for conversational services, the RLC non-persistent window would contain data sensitive on the transfer delay and also FER (conversational) awaiting transmission most of the time. Possible scheduling approaches are
1. Priority transmission: RLC acknowledged data have higher priority and they are transmitted before any RLC unacknowledged/non-persistent data. This approach is applicable if the amount of RLC acknowledged data is small, otherwise there is a risk of a long interruption in the transmission of RLC unacknowledged/non-persistent data.
2. Fair Queuing: The throughput is evenly distributed between the two RLC windows if there are any negatively acknowledged RLC data blocks in both of them. 
3. FIFO: LLC frames are transmitted in the order in which they arrived to RLC layer. In uneven distribution of LLC frame sizes, there are similar risks concerning RLC unacknowledged/non-persistent data transmission as in the case of priority transmission.
2.4 Packet Ack/Nack Messages

The transmission of Packet Ack/Nack messages, EGPRS PACKET DOWNLINK ACK/NACK, EGPRS PACKET DOWNLINK ACK/NACK TYPE 2 and PACKET UPLINK ACK/NACK, is under the network’s control. It is proposed that the mobile station should determine what window to report from BSN(s) included in the RLC/MAC header carrying the poll. Please note that currently an EGPRS RLC/MAC block for data transfer can convey only RLC data blocks only from one window at the time because BSNs of second to fourth RLC data block are relative to the first BSN in the RLC/MAC header. The RLC endpoint receiver determines between the windows using SSN included in the Packet Ack/Nack message. If a TBF is assigned with time-based FANR, the RLC receiver may utilize the information received in PAN to update the status of RLC data blocks in both windows. The utilization of SSN-based FANR is restricted to one window unless the Short-SSN is long enough to distinguish between the windows or another indicator would denote what window is reported.
2.5 Countdown Procedure
Two approaches of countdown value calculation exist with the proposal. Firstly, the countdown value may reflect a total number of RLC data blocks currently to be transmitted including data from both parts. Secondly, the countdown value may also reflect only a total number of RLC data blocks to be transmitted in one part, RLC data or GMM signalling. In this case, the RLC/MAC header contains the countdown value for the part to which the RLC data block(s) belongs. 
3. Conclusions
The multiplexing of acknowledged and unacknowledged data on single TBF is discussed in this paper. The proposed solution splits the sequence number space to two parts and thus allows acknowledge and unacknowledged data transfer on a single TBF. Algorithms from scheduling theory can be used with the solution to control the allocation of throughput between the two windows, in particular in uplink.  The fair queuing presented in the paper seems to be a proper choice when there is a lack of knowledge about requirements on the data transfer in the two windows, e.g. the delivery time constraints, block/frame erasure ratio, etc.
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