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Error-tolerant and Error-intolerant Data Multiplexing in GERAN
1. Introduction
Solution(s) for enhanced multiplexing for single TBF (EMST) operation has been discussed at GERAN meetings ‎[1]

 REF _Ref201498775 \r \h 
‎[2]

 REF _Ref206852842 \r \h 
‎[3]

 REF _Ref209872888 \r \h 
‎[4]

 REF _Ref214098721 \r \h 
‎[5] and technical requirements have been proposed. Several comments and questions were received regarding example scenarios and use-cases. 
A key capability within the multiple TBF feature is the ability to run parallel TBFs using different RLC modes (multiple PDP contexts using the same RLC mode can be multiplexed on the same TBF). So far (up to and including Release 6), RLC acknowledged mode has been used almost exclusively, and there has been no clear use case for a combination of RLC acknowledged mode and RLC unacknowledged mode. However, the introduction of RLC non-persistent mode for point-to-point connections permits scenarios which would require the use of the multiple TBF feature, to allow the support of RLC AM and RLC NPM in parallel. 
The high flexibility offered by the multiple TBF feature requires however the mandatory implementation of a wide variety of configurations and signalling options (esp. in terminals) which do challenge the overall gains/complexity ratio of the feature. MTBF is yet to be implemented. It is the opinion of the co-signing companies that what was true when MTBF was defined is still true today: single TBF operation is not optimal for efficient multiplexing between flows with different QoS criteria, such as what mobile internet requires. And indeed, it is our opinion that MTBF is no longer the right answer – that EMST provides a simple viable evolutionary path in GERAN, enabling efficient multiplexing between flows of different QoS, with better signalling efficiency than MTBF and significantly less complexity at the mobile station. 

This paper addresses comments received in previous meetings and confirms that that most multiplexing use cases are efficiently supported by EMST with no limitations on the (QoS of the) flows that can be multiplexed nor on the EGPRS levels that are supported, contrary to comments received in previous meetings. 
2. Support of Applications
QoS requirements that shall be provided to the end user/application are described in ‎[7] together with end-to-end requirements between communicating entities. As shown in Figure 1, services can be divided into two groups according to the error tolerance requirement. RLC non-persistent mode is the most suitable RLC mode for the services from the error-tolerant group, particularly for delay sensitive applications. However, as stated earlier in contributions discussing EMST, error-tolerant services often use error-intolerant control signalling at application layer which needs to be transported (at lower layers) error free. The only RLC mode suitable for such error-intolerant services is RLC acknowledged mode. Consequently, support of many error-tolerant services requires concurrent transmission of data in RLC acknowledged mode and RLC non-persistent mode. 
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Figure 1: Summary of applications in terms of QoS requirements
The fundamental characteristics of QoS classes are described as follows ‎[6]
· Conversational

· preserve time relation (variation) between information entities of the stream;
· conversational pattern (stringent and low delay);
· guaranteed bit rate;
· Interactive

· request response pattern;
· preserve payload content;
· Streaming

· preserve time relation (variation) between information entities of the stream;

· guaranteed bit rate;
· Background

· the destination is not expecting the data within a certain time;

· preserve payload content.

The goal of EMST is therefore to support both a single error-tolerant service (where as part of that service, concurrent reliable data transmission is required for application-layer control signaling) and also concurrent sessions of an error-tolerant service and an error-intolerant service (for example conversational voice with WWW browsing, streaming audio with WWW browsing or even conversational voice with telnet). It should be noted that conversational voice with streaming audio/video should be possible too, if streaming audio/video is treated as an error-intolerant service where the time relation between packets is preserved by use of sufficiently large buffers.

It should be noted that multiple TBF is not required to support multiple error-tolerant data streams (or multiple error-intolerant data streams), since multiple PDP contexts may be multiplexed onto the same TBF, provided that the same RLC mode is applicable to all such PDP context.

3. Multiplexing At RLC Layer

EMST provides a much simpler solution for concurrent transmission of error-tolerant and error-intolerant data in comparison to multiple TBF. EMST is described in details in ‎[1]  ‎[4]. In EMST, the concurrent transmission is achieved by multiplexing RLC acknowledged data with RLC unacknowledged/non-persistent data on the same TBF. The granularity of multiplexing is one RLC/MAC block.

In the downlink direction, the scheduling of RLC/MAC blocks is entirely under the network’s control and there is no difference in comparison to the multiple TBF case (apart of the fact that the two flows cannot operate in the same RLC mode).

In the uplink direction, it is proposed to use a single USF value to schedule the uplink resources and to introduce deterministic algorithm used by the mobile station to multiplex the RLC/MAC blocks from the two data flows. The multiplexing algorithm should provide fair and efficient multiplexing between the flows. It is trivial to observe that an inherent limitation of MTBF is that the network has to perform uplink scheduling without knowing the state of the mobile's transmit buffers; by moving the scheduling algorithm to the mobile station, this limitation can be overcome.
How EMST compares to DTM
When compared with DTM from a services standpoint, EMST support for concurrent conversational service and error-intolerant service is similar. In the case of DTM the network has to keep the uplink/downlink TBF alive during their temporary inactive periods. In EMST, the TBF is kept alive due to the RLC non-persistent data (conversational) which are assumed to be always available. For example, SID frames are transmitted during silence periods. It is viable to assume that the network will keep always active the RLC acknowledged mode entity, which is hence immediately available for RLC acknowledged data transmission, along with the RLC non-persistent mode entity.
How MTBF compares to DTM

The comparison of DTM like service support by MTBF from a services standpoint is included for the completeness of the analysis. In the case of MTBF, the service requires two TBFs allocated in each direction. It may be assumed that the network keeps uplink and downlink TBFs operating in the RLC acknowledged mode alive during the whole session.  The uplink is scheduled using two USF values. Under the assumption that the RLC acknowledged data are not always available for transmission at the mobile station and the transfer delay of RLC acknowledged data should be kept at minimum, the network has to schedule both TBFs frequently enough. It should be also noted that it is currently optional for the mobile station to transmit RLC/MAC blocks for other TBFs if there are no RLC/MAC blocks available for transmission for the scheduled TBF.
How EMST compares to MTBF

EMST capability of multiplexing an error-intolerant service with an error-tolerant service matches that of MTBF. It should be noted that multiplexing an error-tolerant time-sensitive service with a service demanding high throughput requires availability of high throughput at the radio link regardless whether EMST or MTBF is used.
4. Conclusions
This document discussed the error-tolerant and error-intolerant service multiplexing in scope of the EMST proposal. It indicates that EMST matches DTM and MTBF capabilities with no specific limitations on what flows can be multiplexed, nor on what EGPRS levels can be used. 
Therefore, it is our recommendation that GERAN#40 proceed with the specification of EMST.
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