3GPP TSG GERAN#38
Tdoc GP-080734
Malaga, Spain
Agenda Items 7.2.5.3.6
12-16 May 2008
Sources: Nokia Corporation

Multiplexing Enhancements for Single TBF Operation
1. Introduction
Multiplexing enhancements for single TBF operation have been presented in ‎[1]. This document further discusses the problem of insufficient support for data flows multiplexing in single TBF mode of operation. The principles of single TBF operation with two RLC instances are shown in the document. This document also shortly addresses the RLC instance indication and multiplexing of RLC PDUs in the uplink direction.
2. Problem Description

Multiple TBFs is a tool specified in Release 6, which allows multiplexing between data flows having different QoS on the radio interface. The multiplexing of data flows with different QoS is essential for applications using application layer signalling along with data transfer. PS conversational services that require transfer of SIP signalling are example of such application. A similar problem also occurs at lower layers of protocol stack, for example, multiplexing of GMM and SM messages with user data. If user data are transmitted using RLC non-persistent/unacknowledged mode, the multiplexing can not be performed efficiently without support of multiple TBFs.
Multiple TBFs offer high flexibility, however, the implementation requires high complexity especially in terminals. The implementation complexity is caused by the high degree of flexibility particularly in respect to the radio resource allocation and management. For example, TBFs allocated on separate resources, i.e. timeslots, may have assigned the same attributes including also TFI. The assigned TBF cannot be uniquely identified by its TFI. Multiple USF monitoring and TX buffers management also adds complexity. Though network implementations had to consider issues related to resource management for multiple TBFs even before multiple TBFs were introduced in the standard, the same is not true from mobile station point of view where multiple TBFs may have significant impact to a single TBF architecture. 
Support of PS conversational services is highly dependent on the multiplexing capability of data flows with different QoS on the radio interface as mentioned above. The aim of enhanced single TBF multiplexing is to provide a simplified multiplexing in comparison to multiple TBFs based on MAC procedures for single TBF and thus to allow a mobile station not capable of multiple TBFs to support PS conversational services with less implementation effort. It should be also noted the intention of enhanced single TBF multiplexing is not to replace multiple TBFs.
3. Requirements And Assumptions

The following requirements shall be met

· 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)

· Limit the impact on the RLC protocol

· Usage under control of the network

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
4. Single TBF Operations with Two RLC Instances
The aim of enhanced single TBF multiplexing is to utilize the current procedures for single TBF operation with minimal impacts to RLC/MAC layer. In order to achieve this, it is proposed to modify the single TBF assignment/reconfiguration messages in such a way that a second RLC instance may be added/released to/from an established TBF. The resource reallocation procedures are assumed to encounter minimal changes which will reflect the fact that the two RLC instances are proposed to operate in different RLC modes. 
The network should be able to assign a TBF with one or two RLC instances. The second RLC instance is assigned if the downlink assignment message contains parameters thereof. It should be emphasized that the downlink TBF may be reconfigured at any time by transmission of the PACKET DOWNLINK ASSIGNMENT message addressing the allocated TBF.
The uplink TBF using two RLC instances would be assigned by the PACKET UPLINK ASSIGNMENT message containing the parameters for the second RLC instance. The second RLC instance may be assigned to the already allocated TBF as a response to the PACKET RESOURCE REQUEST message which requested a different RLC mode from the RLC mode of the allocated TBF. The network should also be able to pre-allocate the second RLC instance similarly to early TBF establishment.
The network should have a possibility to release either one RLC instance or the TBF at any time. The network releases the RLC instance by reconfiguration of the TBF, i.e. by transmission of the assignment message containing RLC parameters only for one RLC instance. No changes to the TBF release procedures are expected.
It seems reasonable to assume that a mobile station supporting enhanced single TBF multiplexing would also support extended uplink TBF mode. This assumption is important when countdown procedure is discussed. The countdown value can be calculated separately for each RLC instance (SNS partition) or countdown value can reflect total number of blocks to be transmitted with this TBF ‎[1]. It is proposed that the countdown value be calculated per RLC instance. This approach helps the network allocating radio resources more accurately in regard to the amount of data awaiting transmission at a given point of time.

5. Indication of RLC Instance

The proposal in ‎[1] allows RLC instance indication based on sequence number of RLC data block included in RLC/MAC header. This indication of RLC instance does not have any impact on the MAC protocol. It could also be considered to provide the indication of RLC instance at the MAC layer, by means of the TFI which could be used per each RLC instance, while keeping all other MAC parameters common to both RLC connections (i.e. effectively assigning two TFIs to a single TBF), however this requires further consideration.
6. Multiplexing Scheme
The problem of RLC data block transmission is shortly discussed in ‎[1]. In the downlink direction, the RLC data block transmission is entirely under the network control, whereas in the uplink direction the network controls the allocation of radio resources and a multiplexing algorithm of RLC PDUs at the mobile station’s side is needed. Under the assumption that RLC non-persistent mode would be mainly used for conversational services, for example, the mobile station should transmit the RLC data with the following priority
A) The last RLC PDU was transmitted in using RLC acknowledged mode
· RLC data block from the partition using the RLC non-persistent/unacknowledged mode whose corresponding element in V(B) indexed relative to V(A) has the value NACKED;
· RLC data block from the partition using the RLC non-persistent mode whose corresponding element in V(B) indexed relative to V(A) has the value PENDING_ACK;

· RLC data block from the partition using the RLC acknowledged mode whose corresponding element in V(B) indexed relative to V(A) has the value NACKED;

· RLC data block from the partition using the RLC acknowledged mode whose correspondign element in V(B) indexed relative to V(A) has the value PENDING_ACK;

B) The last RLC PDU was transmitted in using RLC non-persistent/unacknowledged mode
· RLC data block from the partition using the RLC acknowledged mode whose corresponding element in V(B) indexed relative to V(A) has the value NACKED;
· RLC data block from the partition using the RLC non-persistent/unacknowledged mode whose corresponding element in V(B) indexed relative to V(A) has the value NACKED;

· RLC data block from the partition using the RLC non-persistent mode whose corresponding element in V(B) indexed relative to V(A) has the value PENDING_ACK;

· RLC data block from the partition using the RLC acknowledged mode whose corresponding element in V(B) indexed relative to V(A) has the value PENDING_ACK;
As can be seen the multiplexing algorithm uses fair queuing for RLC data blocks whose corresponding element in V(B) has value NACKED. The pre-emptive retransmission in RLC non-persistent mode has higher priority than the pre-emptive retransmission in RLC acknowledged mode.
7. Conclusions
The problem of limited capability of mobile station not supporting multiple TBFs to effectively multiplex data flows with different QoS is discussed. The document highlights the fact that the multiple TBFs procedure, which provides high flexibility in multiplexing, can be a complex feature in terminals. It is thus proposed to define simple means to enhanc single TBF multiplexing to allow multiplexing of two RLC instances on a single TBF.
The document proposes to utilize the MAC procedures for single TBF operation in order to limit the impact on current single TBF implementations. It is proposed to use single TBF messages and procedures of establishment, reconfiguration and release of RLC instance or TBF.

It is preferred to indicate the RLC instance by means of RLC signalling as discussed in ‎[1], for example. Another approach to be considered is the usage of TFI per RLC instance, however this requires further consideration.

A multiplexing algorithm needs to be defined for the uplink data transmission when the enhanced single TBF multiplexing is used in order to ensure predictable and consistent MS behaviour. An example algorithm is given in this document.
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