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"OS2" and DTM

1. introduction

For GERAN Rel4 it is proposed that a new feature a.k.a "Operational Scenario 2" be supported to make efficient use of the spectrum while filling DTX gaps with (E)GPRS data. However, potential problems from both architectural and protocol viewpoints have been addressed several times in TSG GERAN. This paper gives a summary of the different concerns raised, and proposes that OS2 be used only in combination with DTM.

2. Dual Transfer Mode

In GPRS Rel'99, dual transfer mode refers to the case when the mobile station is allocated resources providing an RR connection and a Temporary Block Flow on one or more physical channels, i.e. it has data being transferred on both A and Gb interfaces. This feature is optional for the mobile station and the network. It is only applicable for a mobile station supporting GPRS. Dual transfer mode is a subset of class A mode of operation, which is only possible if there is radio resource allocation co-ordination in the network [1].

In GERAN Rel4, when operating in A/Gb mode, DTM as defined in Rel'99 is applicable, although a few enhancements are possible that should be made. In Iu mode, DTM is yet to be clearly defined, but is currently understood as follows: MS has one or more DPSCH and one or more SPSCH's allocated.

3. Concerns on OS2 approach

3.1 Architecture

It was discussed in GERAN RLC&MAC drafting meeting that because GERAN Rel4 specification will inherit from GPRS different architecture alternatives that allow for having various physical locations of the PCU (BTS, BSC, SGSN), considering OS2 as a physical layer multiplexing involves several problems:

It is generally (and erroneously) understood that OS2 is only a physical layer multiplexing, assuming the layer 1 is controlling the scheduling of the different flows. As depicted in Figure 1, this understanding implies that as soon as a silent period begins, the physical layer orders blocks from the PCU. Once the PCU gets the order it transfers data packets to the physical layer that sends them over the air interface provided the silent period is still on-going. However between the sending of the order and the reception of the first data blocks, a time gap that may vary from 10's to 100's of ms, depending on the architecture, may occur during which the silent period might have ended before any data block is received. Once the silent period ends, the physical layer asks the PCU to stop sending blocks. However the data blocks that were sent by the PCU must then be either stored at the physical layer, or otherwise resent later.

[image: image1.bmp]
Figure 1. OS2: Physical Layer multiplexing ?

Now, because even speech goes through the RLC&MAC protocols, i.e. through the PCU, OS2 should be considered as a MAC layer multiplexing, while the physical layer only provides means (stealing bits, modulation, state-based approach) for making this multiplexing feasible. This means that MAC is able to detect when a silent period starts, and thus sends data blocks as soon as there is a silence. This approach would avoid the problems highlighted on Figure 1.

3.2 Protocols

The major problem of OS2 lies in the RLC and TCP protocols that expect acknowledgements of the data sent. If the acknowledgements are not received on time, the protocols will stall. Now, because with OS2 alone DTX is the only opportunity for sending acknowledgements, these cannot be sent on time unless stealing of speech frame(s) is performed which as a consequence degrades the speech quality. [3] shows the achievable throughput with a DTX approach under different scenarios (singleslot, without frame stealing): "the best effort throughput in the DTX case is very low". 

These problems were already discussed under the DTM work item for Rel'99 and the DTX approach was not kept due those impacts that questions its usability. [3] concludes that the only viable use of this OS2 approach in a single slot scenario is to combine it with DTM, i.e. to use half-rate channels (TCH/H and PDCH/H). As a matter of fact, the PDCH/H in uplink always provides resources for conveying acknowledgements when needed. The impact of speech-frame stealing has not been evaluated.

For GERAN Rel4, the scenario depicted in Figure 2 has been considered as the most likely (multislot downlink, single slot uplink). However, it suffers from the same problems as a single slot scenario with OS2 alone, but in an amplified manner, because allocating more bandwidth in the downlink potentially provides more capacity for sending data but the capacity for acknowledgement in the uplink is kept as in a single slot configuration. This follows the basic principle that the more the amount of data sent, the more the number of acknowledgements needed, and thus either the more the risk of protocol stalling or the more the speech degradation. 


Figure 2. Assumed Scenario

Therefore, with this slot configuration (multislot downlink, single slot uplink), following the same reasoning as in [3] HR channels should be used for both speech and data on the DPSCH, while the additional SPSCH is kept. However, the relative throughput gain might be smaller than on a single slot scenario due to the fact that more acknowledgements are needed.

In case multislot are available also in uplink, it is clear that acknowledgements should be avoided in the DTX uplink, and instead should be routed to the uplink part of the SPSCH only. This would be a viable use of OS2, because capacity is available when needed for conveying acknowledgements. Such scenario is depicted on Figure 3 below. 


Figure 3. Viable 2-2 scenario OS2+DTM

4. Conclusions

In view of the problems with the OS2 approach, it is proposed that OS2 be considered as a MAC layer multiplexing, or either as a MAC layer or a physical layer multiplexing, hence leaving freedom for implementation in the standard. 

Unless speech tests can be performed (optimized voice bearer) that show that the speech degradation due to speech frame stealing is acceptable, it is proposed that an assumption be made that OS2 not be used alone, but always in combination with DTM, meaning that:

· if one slot only is available in UL, HR configuration as in DTM Rel'99 shall be used: DPSCH/H + SPSCH/H in exclusive allocation, on the same timeslot.

· if more than one slot is available in UL (DPSCH/F + SPSCH), FR speech with OS2 can be used on DPSCH/F, and acknowledgements are routed through the SPSCH only.
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