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1 Summary

This contribution discusses advantages and open issues for the Flexible Layer One Concept (FLOC) that has been proposed for GERAN. The purpose of the concept is to offer to higher layers a flexible physical layer that can be configured to support a wide range of services in a future proof manner.

The concept is proposed to be introduced in REL-5. This would enable the configurable physical layer to be used as bearer for the new AMR services in REL-5 (narrowband AMR on 8-PSK HR and Wideband AMR). The concept would also enable efficient support in REL-5 of VoIP and other IP multimedia services that use robust header compression. 

2 Background and benefits of a flexible physical layer

Currently in GERAN services are provided in two main ways:

· Optimized: Transport channels are set up based on exact knowledge of the transported blocks for a particular service. This enables, e.g. voice to be transported efficient over the air interface. The speech frames are unequally protected (UEP) and, equally important, using unequal error detection (UED).

· Generic: Transport channels are set up without detailed knowledge of the service. Examples are GPRS, EGPRS and ECSD. All uses equal error protection and detection. Padding and segmentation can be used to handle variations in the payload size. DTX is typically not available for circuit switched channels.

The introduction of a configurable physical layer that supports both UEP and UED of different flows would substantially add to the performance of the GERAN. Some of these enhancements are described below. 

2.1 Performance

The optimized channel provides good spectrum efficiency, e.g. for AMR voice, but as was explained above it requires a specific channel coding to be defined for each service. Using the generic transport channel does not require special channel coding, but leads on the other hand to poorer performance on the air interface mainly due to equal error protection and absence of DTX. It has been shown [1] that the loss in performance due to sending voice over EGPRS is in the order of 5dB (or a factor three in system capacity). The hit in system performance due to the absence of DTX can also be significant and depends on the voice activity; a degradation of 50% in capacity has been reported [1].

2.2 AMR operation

In GSM of today, due to the small number of inband signaling bits, it is necessary to limit the link adaptation of AMR to an active codec set of only four out of eight modes. Also, mode command/mode requests are alternated in every second frame, so that effectively, the AMR mode can only be changed every second frame. With a flexible layer one scheme, none of these limitations need to apply. All eight AMR modes can be allowed and modes can be allowed to be changed in any frame, which would significantly simplify transcoder free operation. 

2.3 IP services

When a configurable physical layer is introduced in GERAN, the services provided by the 3G core network can become truly independent of the physical aspects of the radio access network. Regardless whether an end user is connected through GERAN or UTRAN, the CN can provide the conversational packet switched services in the same manner and a very high degree of UMTS alignment is achieved. This allows to run the same type of application for both GERAN and UTRAN and both systems could benefit from a mainstream application development.

Voice over IP (VoIP) and IP multimedia (IP MuM) services can be provided via GERAN in the same way as in UTRAN including for example end user security (e.g. SRTP), header transparency through the use of Robust Header Compression (ROHC) and of course unequal error protection/detection. It should also be noted, that GERAN as currently defined has a significantly degraded (if at all acceptable) performance when it comes to IP MuM due to EEP and block interleaving of the bearers.

2.4 Introduction of new services

Currently new circuit switched voice services are introduced in GERAN. The narrowband AMR is being designed for HR 8-PSK channels. The new speech codec wideband AMR is also being introduced, both for FR GMSK and FR 8-PSK. These new codecs require at least 8 rates per physical sub-channel (FR, HR etc). Each rate needs to have its own convolutional coding and puncturing table in the memory. At the same time each channel coding rate has to have performance requirement for 22 different propagation conditions specified in 45.005. After implementation of the new channel coding in the product everything needs to be tested and verified.

One of the major advantages with the configurable layer one is that new services can be introduced in the network in a more smooth fashion, without having to necessarily go through standardization. Indeed, when an operator wants to launch a new service, the operator merely has to request from the vendor to implement a new set of layer one parameters to suit that service (number of Transport Formats, error protection and coding for these formats, interleaving etc). Once these changes to the Layer 2 and 3 are implemented, the operator can start to offer the service without costly investments in the transceiver units. Furthermore the operator does not need to wait for standardization.

If the new service proves to be a success, more operators might want to implement similar functionality and then a standardized set of parameters and performance requirements might be discussed in order to facilitate handover to other operator’s networks. Note that this is in no way necessary, as the parameters of the physical layers of the mobile station and the transceiver units can be (ex-)changed at handover. 

3 Solution

Figure 1 shows the principle of the proposed concept, that is described in more detail in [3]. The physical layer offers one or several Transport Channels to higher layers. With the flexible layer one concept the number of transport channels are configurable, and each transport channel can be configured into a Transport Format by selecting the amount of input bits, CRC length, coding type, output bits etc. 

One or more Transport Formats forms a Transport Format Combination (TFC).

The Transport Format Combination Indicator (TFCI) is a layer one header that contains an identification of the Transport Format Combination that is used and has to be provided in each particular radio block. Also the interleaving is a parameter and can be selected at service setup (note that all TFC should use the same interleaving). A more detailed technical description of the configurable layer one concept is provided in [3].

The decrease in performance due to the TFCI and the fact that the different subflows have their own independent channel coding and puncturing has been shown to be in the order of 0.5 dB in the case of AMR [2].
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Figure 1: The flexible layer one concept: the physical layer offers one or more transport channels to higher layers. Each transport channel is configurable.

4 Discussion

Even though the proposed scheme can be considered as being very flexible if compared to the existing GSM/EDGE methodology, it can not be claimed to be as flexible as the physical layer in UTRAN. For example, the layer one of UTRAN allows several levels of multiplexing interleaving, and the interleaving may very well be different for different Transport Formats. Also, in UTRAN it is possible to split Transport Format Combinations onto physical sub-channels in a very dynamic manner. To these extended features can be added the freedom of UTRAN to configure the physical subchannels in terms of interleaving depths, spreading factors and transmit power. Therefore UTRAN’s flexible layer one concept is significantly more flexible and thus also more complex to implement and to test.

In the following sections we discuss a number of issues that have been raised concerning the configurable layer one concept.

4.1 Testing and receiver performance

As mentioned above, the concept is far less flexible than the physical layer of UTRAN. This alone should reduce the difficulties of testing experienced in UTRAN significantly. Practically, in order to perform the interoperability testing, a number of test cases or preconfigurations can be specified. These configurations can also be used to determine receiver performance as specified in 45.005.

4.2 Performance

Investigations have shown that the price in link level performance for flexible layer one method is 0.5 dB for the case of narrowband AMR and about 1 dB when using VoIP with a compressed header. This small degradation has to be compared to the benefits of the method, as discussed in Section 2. 

When discussing performance, also the choice of call control has to be taken into account. For IP MuM, 3GPP has chosen SIP as call control protocol. The reason was of course that SIP is a general protocol that offers a large flexibility to the user. The same reasoning as for the control plane applies to the user plane; adopting a flexible physical layer will allow all the benefits of SIP to be realized. 

4.3 Legacy Transceivers

It is clear that transceivers that to some level can be configured by software are required in order to use all the flexibility of the proposed concept. It should thus be understood that the concept will not be compatible with all types of legacy transceivers. However, the current understanding in TSG GERAN is that it is no requirement that the new AMR services that are discussed for Rel-5 are supported by legacy transceivers. 

For other services (such as VoIP over the Iu-ps interface) the situation is different. The flexible layer one will not be an answer to the legacy transceiver requirement in this case. On the other hand, SA2 have indicated in an LS to GERAN [5] that the legacy transceiver issue is not of particular concern to SA2 and is something that could be reevaluated in GERAN. A modified legacy transceiver requirement was also treated at the GERAN adhoc #5 [6] and is still a subject for discussion.

4.4 Release Planning

The feature of a configurable physical layer is proposed to be introduced for Rel-5 of GERAN. The reason is for an early introduction is twofold. On one hand, the concept should be seen as a replacement for the new AMR services that are currently proposed for Rel-5. As explained above, this would reduce the number of coding schemes, performance requirements and test cases that need to be specified. Secondly, the introduction of the Iu interface leads to a large functional lift for the Rel-5 Iu capable mobile stations. Therefore it is reasonable to assume that the feature is a part of this increased functionality.

4.5 Complexity and flexibility

In view of the above discussion, it can be expected that the problems experienced in UTRAN with determining viable configurations for the physical layer will not be as severe for the configurable layer one in GERAN. It is however feasible to break down the possibilities of the proposed scheme in even smaller parts and to introduce it gradually in the standard. In this way a limited flexibility can be introduced in Rel-5, while more advanced options can be postponed to coming releases. This is discussed in more detail below.

5 Phased Introduction of the Configurable Layer One

In order to have a smooth introduction of the flexible layer one scheme in the standard and meet the tight time plan of 3GPP standardization it is proposed to introduce it in a step-by-step fashion in the standard. The first set of features that is introduced in GERAN Rel-5 should focus on the services that are foreseen for this release, such as wide-band AMR, 8-PSK half rate AMR and VoIP/IP MuM. The method should however be introduced in such a way that additional features can easily be added as extensions to existing signaling, e.g. by using the principle of reserved values in the span of parameter values.

5.1 Physical subchannels

There is nothing inherent in the proposed scheme that would limit its use to any type of physical subchannel. In its most general form it is applicable to both shared and dedicated channels. It can however be expected that most of the new applications that are introduced with the advent of wireless IP multimedia services are conversational in nature, and are best realized on dedicated physical sub-channels. In this sense, it can be argued that the unequal error protection and detection offered by the scheme is needed most on dedicated channels. Taking these considerations into account it is proposed to focus the development of the configurable layer one for GERAN Rel-5 to dedicated channels, and pursue the extension to shared channels in future releases, if deemed appropriate.

5.2 Interleaving

The proposed flexible layer one scheme offers the possibility to define any desired interleaving depth (diagonal, block, 4, 8 and 19 interleaving etc), and to choose from a large number of options depending on the delay and error requirements at setup of the service. As argued above, most new services for which the scheme is intended will belong to the conversational class. Therefore it is proposed to limit the method to 40 ms diagonal interleaving as in TCH of today.

5.3 Transport Format Combinations

In UTRAN, currently 1024 different Transport Format Combinations are allowed. It is unlikely that such a large number will ever be needed. In order to simplify implementation in both the radio network and the mobile station, it is proposed to limit this number to a value that is more realistic for GERAN (see Section 5.7 below). It is believed that efficient support of VoIP with header compression requires a total of 32 combinations (see [3]).

5.4 CRC

It might be considered feasible to limit the number of different lengths of the CRC to be supported to one or maybe two lengths.

5.5 Coding Type

In principle, the flexible physical layer concept allows for each Transport Format as well as the TFCI to be channel coded with any type of code provided it is specified in the standard. Examples include block codes, tailbiting convolutional codes, terminated recursive systematic convolutional codes etc. It is proposed in a first version of the concept to use only convolutional coding for the Transport Formats and block coding for the TFCI.  

5.6 Constraint Length

The constraint length of the convolutional code is also a parameter in the concept. In a first release of the flexible layer one for GERAN it is proposed to allow only constraint length K = 7.

5.7 Mobile Classes

As was briefly discussed above, the spans of some of the parameters in the configurable physical layer concept will determine the complexity of the Mobile Station in terms of memory, processing power etc. In order for every MS not to be required to support all values of each parameters, UTRAN has specified mobile classes [3GPP TS 25.926]. An MS belonging to a certain class will only support the ranges of parameters determined by its class. It is proposed to adopt for GERAN Rel-5 only one mobile class, and that the requirements for the class be valid for each timeslot that the MS supports according to its GPRS multislot capability. The mobile classes of UTRAN might very well be adopted to GERAN needs.

6 Conclusion

The configurable physical layer that is proposed is capable of supporting near term services such as wideband AMR and future services, such as IP MuM applications. With a configurable physical layer one, large changes on equipment are avoided for each new service. It gives unprecedented opportunities for an operator to offer cutting edge services to the market fast and stand out  from competition. In addition, the configurable physical layer would further align GERAN with UTRAN.
It is proposed that the configurable physical layer be considered by TSG GERAN for inclusion in Rel-5 according to the above proposal.
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