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1 Introduction

This contribution describes the Flexible Layer One Concept (FLOC) for GERAN A/Gb mode. FLOC has earlier been presented at TSG GERAN in [1], [2], [3], [4], [7] and [10].

At TSG GERAN #9, work items for FLOC were created, stating that FLOC should be applicable both in A/Gb mode and Iu mode. In this contribution the focus is on A/Gb mode, and specifically on channels serving the Gb interface, since no need to apply FLOC on channels serving the A-interface is currently foreseen.

Further, it is assumed that FLOC applies to real-time dedicated channels for one user, that no common or broadcast channels are allowed on a timeslot using FLOC, and that SACCH is kept exactly the same as for legacy MS operation (i.e. the same physical layer bits and exactly the same interleaving and channel coding).

2 Service provision over the Gb-interface

When connected to the Gb-interface, the user data of a service is transported through GERAN by means of a packet flow context (PFC). 

When the core network (CN) needs to send a PFC description to the GERAN, it does so by sending the CREATE-BSS-PFC message to GERAN. In this message, the PFC is identified by a PFI and described by the following QoS parameters (not all parameters are listed here, see [8]):

· Traffic class:  conversational, streaming, interactive or background

· Maximum bitrate: The maximum number of bits per second delivered by/to GERAN at the SAP 

                                    associated to the PFC

· Guaranteed bit rate: The bit rate up to which the QoS (delay and reliability) must be guaranteed

· SDU parameters:

· SDU error ratio: Requested block error rate

· Residual bit error ratio: Requested residual (undetected) bit error ratio

· SDU size:

· Transfer delay

· Reliability class

The RR layer is responsible for allocating the radio resources required to satisfy the QoS requirements associated with the PFC. This allocation procedure is schematically illustrated in Figure 1, and includes the following steps:

· A CREATE-BSS-PFC message is sent from CN to GERAN. The PFC defines a packet flow with associated QoS parameters.

· RR in GERAN selects a radio resource for the PFC and determines a configuration applicable to the user plane protocols (RLC/MAC and L1).

· RR in GERAN sends an IMMEDIATE ASSIGNMENT message (in case of CCCH) or a message similar to PACKET DOWNLINK/UPLINK ASSIGNMENT message (in case of PCCCH) to RR in MS, containing the configuration to be used by the user plane protocols.

· RR in the MS configures the user plane protocols on the MS side.

This basic procedure, described above, is followed whether FLOC is used or not. With a configurable layer one, the procedure has the following differences:

· Configuration of L1: Instead of choosing one of the existing predefined coding schemes, L1 is configured by a set of parameters. This is described in [2].

· Configuration of MAC: Minor changes to MAC are needed since FLOC provides Transport Channels to MAC instead of Logical Channels (i.e. MAC accesses L1 using different SAPs). This is described in [2].

· The configuration of L1 and MAC is included in the IMMEDIATE ASSIGNMENT or PACKET DOWNLINK/UPLINK ASSIGNMENT similar messages.
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Figure 1. Schematic description of PFC assignment and configuration of user plane protocols.

Concept Description

Figure 2 shows the physical layer, offering one or several Transport Channels (TrCH) to higher layers. The number of TrCHs is configurable and depends on the application(s) supported by the PFC. At time intervals determined by the MAC layer multiplexing function, transport blocks are delivered from the MAC layer to the physical layer through the TrCH:s SAPs. The interval is called the Transmission Time Interval (TTI). A TTI of 20 ms is assumed for GERAN A/Gb mode. Other TTI:s are FFS.

One or several Transport Formats (TF) are associated to each TrCH. The TF defines the bit-rate, code type, and error protection for the TrCH. A TrCH is realised by RR allocating radio resources appropriate for the TF attributes – e.g transport block size, CRC length, coding type, rate-matching attribute etc. Some pre-defined TFs may be defined, for example to describe PACCH.

The TF attributes are either dynamic or semi-static. The semi-static attributes have the same value for all TF:s of one TrCH, while the dynamic attributes may be different for each TF. CRC length, coding type, and rate-matching attributes are semi-static attributes, while the transport block size is a dynamic attribute.
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Figure 2: Physical Layer Transport Channels with associated transport formats.

Every TTI, a TF is selected and a transport block is encoded for each TrCH utilised. The encoding includes addition of CRC, convolutional encoding and puncturing/repetition. Not all combinations of TF:s are valid; a valid combination is called a Transport Format Combination (TFC) and corresponds to a coding scheme, e.g. CS-1 or TCH/AFS122 of today. Figure 2 shows three TFCs (yellow, pink and green) configured for N TrCH:s. The number of possible TFC:s on a DBPSCH is FFS (in UTRAN, up to 1024 TFC:s can be defined). The TFC:s supported by a radio resource are determined when RR allocates the radio resource. All valid TFC:s on a DBPSCH form a Transport Format Combination Set (TFCS). Link adaptation can be performed within one TFCS.

After the transport blocks for all TrCH:s have been encoded, they are multiplexed together (concatenated). The configuration of the TF:s and TFC:s must ensure that the number of bits after the multiplexing step is constant and fits the physical channel. The concatenated stream is called a Coded Composite Transport Channel (CCTrCH).

To this, a Transport Format Combination Indicator (TFCI) is added. The TFCI is a layer one header that contains an identification of the TFC that is used for any given radio block. There is a one-to-one correspondence between a certain value of the TFCI and a certain TFC. The TFCI is used in order to inform the receiving side of the currently valid TFC, and hence how to decode, de-multiplex and deliver the received data on the appropriate TrCH:s.

The concatenated block is, together with its TFCI, interleaved before it is transmitted on the physical channel. The interleaving can be for instance 20 ms block interleaving or 40 ms diagonal interleaving. The bit-rate depends on the DBPSCH on which the radio block is transferred. Particularly, the channel can be full-rate or half-rate, and be GMSK or 8PSK-modulated.

3 Comparison to UTRAN

FLOC described above has many similarities to the channel coding and rate matching of UTRAN [6]. However, in an attempt to limit the complexity and number of options, and also considering differences in the radio interface, some simplifications and modifications have been made. These are listed below.

3.1 No splitting on several physical channels

The physical layer of UTRAN can split a CCTrCH onto several physical channels (spreading codes), and also vary the spreading factor of the physical channel. Thus, the bandwidth of the underlying medium has a very large span. This has implications on the design of the flexible channel coding and multiplexing scheme of layer one of UTRAN.

For A/Gb mode in GERAN, it is proposed to map one CCTrCH onto one full-rate or half-rate Dedicated Basic Physical SubCHannel (DBPSCH), and leave multiplexing across channels and timeslots to higher layers. This approach simplifies the architecture of FLOC and is more similar to the conventional approach in GSM.

3.2 Same TTI and interleaving depth for all TrCH on a physical channel

In UTRAN, it is possible to define the TTI per TrCH and the TTI is always the same as the interleaving depth.

To limit the complexity of GERAN, it is proposed to have the same TTI for all TrCH:s on one DBPSCH. Considering that one DBPSCH has a limited bandwidth, the number of different services it can be used for simultaneously is small. Therefore, there is little need for several interleaving depths in parallel (FFS). 

Using only one interleaving depth makes layer one much less complex. The interleaving is done in one step instead of two as in UTRAN. The rate matching is done on the transport level. Also, the “radio frame equalisation” and “radio frame segmentation” functions are omitted. The TFCI is interleaved together with the data, which means a variable TFCI length can be used without having several interleavers with different block sizes for the same type of DBPSCH.

3.3 One transport block per TrCH per TTI

UTRAN gives the possibility to transport more than one transport block per TTI. The number of transport blocks per TTI is a dynamic TF attribute.

It is proposed for A/Gb mode in GERAN to always transport one transport block per TTI (i.e. per radio block). A variable rate can be achieved by changing the size of the transport blocks – the transport block size is also a dynamic TF attribute. 

The largest difference between the two approaches is that, since the CRC is calculated per transport block, there will be more than one CRC per TTI in the UTRAN approach while there will be one CRC per TTI in the GERAN approach.

3.4 Option of diagonal interleaving

Only block interleaving is available in UTRAN. For speech services, 20 ms block interleaving is normally used.

For A/Gb mode in GERAN, 20 ms block interleaving gives a loss of 2 dB compared to 40 ms diagonal interleaving [5]. Therefore, it is proposed to have the option of 40 ms diagonal interleaving available in FLOC.

4 Unequal Error Protection

FLOC makes it possible to provide unequal error protection (UEP). UEP could be useful both to give unequal protection to different flows (e.g., SIP and speech), as well as to different sub-flows (e.g., bit classes within a speech flow). 

UEP for different flows is likely beneficial, and determining the relative importance of the flows is probably straightforward. On the other hand it is not fully evaluated what the performance gains from UEP would be for instance for the bit classes of a speech flow, but gains in the order of 1-3.7 dB have been shown in earlier contributions [11]

 REF _Ref12264933 \r \h 
[12]. Further, it is not clear by what means the necessary information to determine the relative importance of sub-flows in the packet switched domain is provided to GERAN.

Whether both types of UEP are necessary, how the necessary information is provided to GERAN, and what the implications are on layer one are for further study.

5 Conclusion

The proposed flexible layer one is capable of supporting future services such as IP multimedia applications in A/Gb mode in GERAN.

With a flexible 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 flexible layer one would further align GERAN with UTRAN.

Although the concept to a high degree is similar to the physical layer of UTRAN, substantial simplifications can be made to better suit the radio interface of A/Gb mode in GERAN while maintaining sufficient flexibility to offer a wide range of services. This will save complexity for GERAN’s flexible physical layer, both in implementation and testing.

Less work in the future standardisation of A/Gb mode in GERAN can be foreseen as layer one does not need to be specified in the standards as today.
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