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Configurable Layer One – Technical Solution

1 Summary

This contribution presents a Flexible Layer One Concept (FLOC) for GERAN. The purpose 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 document contains a technical description of the concept. A background and motivation can be found in [1]. The foreseen standard impact is described in [2]. Simulation results are presented in [3].

Although the main focus in this contribution is speech on a dedicated channel, the ideas are not limited to this. The concept should not be limited to any specific service and is equally applicable to a shared channel.

2 Service provision over the Iu interface

When connected to the Iu interface, the user data of a service is transported through the radio access network by means of a radio access bearer (RAB). A fundamental principle of UMTS is that the RAN should not be aware of what service is supported over the RAB, but only what quality of service is expected. With FLOC, it would be more straightforward for GERAN to adopt the same principle.

When the core network (CN) needs a bearer from GERAN, it requests one in a RAB assignment request message. In this message, the requested bearer is described. The RAB can consist of one or more RAB subflows. The requested RAB is described by the following parameters (not all parameters are listed) [5]:

· 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 RAB

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

· SDU parameters (one per RAB subflow):

· SDU error ratio: Requested block error rate

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

· SDU format (one for each RAB subflow combination):

· Subflow SDU size

· Transfer delay

· Source statistics descriptor: “speech” or “unknown”

The RRC layer is responsible for configuring a RAB with the specified requirements. This procedure, schematically illustrated in Figure 1, includes the following steps [4]

 REF _Ref515170266 \r  \* MERGEFORMAT [6]:

1. A RAB assignment request is sent from the CN to GERAN. The RAB consists of one or more subflows with associated QoS parameters.

2. RRC in GERAN assigns one radio bearer (RB) for each RAB subflow and configures the user plane protocols (PDCP, RLC/MAC and PHY) on the GERAN side.

3. RRC in GERAN sends a RB setup message to RRC in MS, including the configuration of the user plane protocols in the MS.

4. RRC in MS configures the user plane protocols on the MS side.

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

· Configuration of layer one: Instead of choosing one of the existing predefined coding schemes (assuming that there is a suitable scheme defined, which may not be the case), layer one can be configured by a set of parameters. This is further described in section 4.

· Configuration of MAC: Minor changes to MAC are needed since FLOC provides Transport Channels to MAC instead of logical channels. This is further described in section 4.2.

· The configuration of L1 and MAC needs to be included in the RB setup message sent to the MS and forwarded to the user plane protocols in the MS.
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Figure 1. Schematic description of RAB assignment and configuration of user plane protocols.

3 Service provision over the A interface

When a bearer for a service is requested from a 2G core network via the A interface, a specific service, e.g., WB AMR, is requested. This request is received by the RR layer. In order to avoid changes on the A and Abis interfaces and to the RR protocol, a predefined layer one configuration could be stored in both BTS and MS. A call setup would then only require a normal Assignment Command message to the MS, which points to a specific preconfiguration. Such a preconfiguration would be standardized.

4 Configurable Layer One

In this section, the configurable layer one is described. The terminology is inspired by UTRAN to a large extent.

Figure 2 shows the physical layer offering one or several Transport Channels (TrCh) to higher layers. With the flexible layer one concept the number of transport channels are configurable. To each TrCh, one or more Transport Formats (TF) are associated. The TF defines the bitrate and the type and amount of error protection for the TrCh. This is configured by RRC by selecting the amount of input bits, CRC length, coding type, output bits etc.
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Figure 2: The physical layer offers one or more transport channels to higher layers. Each transport channel has one or more configurable transport formats (TF). For a group of transport channels associated with one physical subchannel, only certain combinations of transport formats are valid. These are denoted transport format combinations (TFC). In the figure, three transport format combinations are shown (yellow, pink and green). One  TFC is chosen per radio block. A transport format combination indicator (TFCI) indicates to the receiver which TFC that is used.

Every 20 ms, a Transport Format is selected for each transport channel. Not all combinations of Transport Formats are valid; a valid combination is called a Transport Format Combination (TFC) and corresponds to a coding scheme, e.g. CS-1 or O-TCH/AHS122 of today. The number of possible Transport Format Combinations on a physical subchannel is a parameter (in UTRAN, up to 1024 Transport Format Combinations can be defined). The Transport Format Combination definitions are done when the channel is set up. An example of a transport format combination configured for O-TCH/AHS795 is shown in Figure 3. Three Transport Formats are defined, AMR inband, Class 1A and Class 1B. The three Transport Formats and a Transport Format Combination Indicator (TFCI) are interleaved onto a physical sub-channel.


[image: image3.wmf]TFCI

header

Class

1B bits

CRC

Class

1A bits

AMR

Inband

AMR795

3 bits

2 bits

75 bits

84 bits

36 bits

27 bits

333 bits

300 bits

6 bits

20 ms block

TF #2

TF #3

TF #1


Figure 3: Example of a Transport Format Combination configured for AMR 7.95 on HR 8-PSK. A 20 ms radio block is shown before interleaving.

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

All valid Transport Format Combinations on a physical subchannel form a Transport Format Combination Set (TFCS). As an example, an AMR type of channel could include six Transport Format Combinations in the TFCS, four
 AMR rates, one FACCH and one SID_UPDATE. Link adaptation can be performed within one TFCS.

A block encoded according to a Transport Format Combination is transmitted in one radio block. The radio block size depends on the physical subchannel on which the radio block is transferred.

4.1 Definitions

Transport Channel

The Transport Channel is the channel offered by the physical layer to higher layers (MAC). Typically, a number of transport channels are multiplexed onto one physical subchannel. For instance, the class 1a and class 1b bits of AMR could be on different Transport Channels.
Transport Format Combination
A Transport Format Combination is a combination of one or more Transport Formats, each associated to a different transport channel. A Transport Format Combination corresponds to a coding scheme, e.g. E-TCH/F32.0

Transport Format

A Transport Format is the format of a Transport Channel. The Transport Format is coded independently from other TF:s. The number of information bits to be transferred in a Transport Format is one of the parameters for a Transport Format. 

The following parameters defines a Transport Format:

· Number of bits in

· Number of bits out

· CRC Type

· Code Type

After the information bits for one Transport Format are delivered to the encoder unit, the encoding is performed following the steps below:

CRC: The number of CRC bits can be chosen from a number of allowed lengths per Transport Format. For instance lengths 0, 6, 12 and 18 could be used. The length implicitly defines the CRC polynomial.

Code Type: The channel coding can be chosen from (for instance) convolutional coding and tail-biting convolutional coding and perhaps some block code. The constraint length is a parameter (e.g., 5 or 7). The rate of the code is implicitly defined by the number of input bits (information bits + CRC bits) and output bits after puncturing; the rate is chosen as the highest rate possible considering the number of output bits after puncturing. If a code rate lower than e.g. ¼ is needed, the rate ¼ is chosen and repetition is used. The constraint length and the rate implicitly define the polynomials (fixed polynomial sets).

Puncturing/repetition: The puncturing (or repetition) pattern is derived algorithmically based on the number of bits before and after puncturing (or repetition). The number of bits before puncturing (or repetition) is implicit (code rate * (information bits + CRC bits)). The number of bits after puncturing (or repetition) is a parameter.

Transport Format Combination Set

The set of valid Transport Format Combinations for a physical subchannel.

Transport Format Combination Indicator

The Transport Format Combination Indicator (TFCI) is a physical layer header indicating to the receiver the current Transport Format Combination of a received block so that the receiver is able to perform decoding accordingly. The number of information bits (input bits) is defined implicitly by the number of TFC:s. The amount of protection (output bits) is a parameter. The protection of TFCI should be configured so that its performance is better than the most robust TFC. The TFCI replaces the function that the stealing bits have today.

4.2 Interface to MAC

In GSM/EDGE, the physical layer provides logical channels to the MAC layer. Following the approach of UTRAN L1, the configurable layer one instead provides transport channels.  MAC needs to be aware of which transport channel to use for which RB. In UTRAN, MAC is also responsible for dynamically choosing which transport format to use for each transport channel. A similar approach could be used for GERAN.

4.3 Configuration of physical layer

All Transport Formats and valid Transport Formats Combinations are configured at channel set up. The network is responsible of configuring the physical layer of the MS and BTS so that they are equal. After completion of call setup configuration only the Transport Format Combination Indicator is transmitted in each radio block so that the receiver knows which Transport Format Combination that should be decoded.

Note that the information elements below and their content should be seen as an example. The exact format and sizes of the different fields are for further study, but it is expected that much can be reused from UTRAN.

4.3.1 Information elements

Examples of how the information elements needed can look like are shown below.

Transport Format Combination Set descriptor struct :=


{



Radio block size (3 bits)



Number of Transport Format Combinations (10 bits)



Interleaving type (4 bits)



Transport Format Combination Indicator description (TFCI descriptor struct)



Transport Format Combination descriptor[Number of TFCs] (TFC descriptor struct)


}

Transport Format Combination descriptor struct :=


{



Number of Transport Formats (5 bits)



Transport Format descriptor[Number of Transport Formats] (Transport Format descriptor struct)


}

Transport Format Combination Indicator descriptor struct :=


{



Number of bits out (7 bits)



CRC type (3 bits)



Code type (3 bits)


}

Transport Format descriptor struct :=


{



Number of bits in (11 bits)



Number of bits out (11 bits)



CRC type (3 bits)



Code type (3 bits)


}

4.3.2 Explanation of parameters

4.3.2.1 Radio block size (3 bits)

Indicates the type of physical sub-channel used for the Transport Format Combination Set.

000
1392 bits (8PSK FR)

001
696 bits (8PSK HR)

010
464 bits (GMSK FR)

011
232 (GMSK HR)

Other
Reserved

4.3.2.2 Number of Transport Format Combinations (10 bits)

Number of Transport Format Combinations in the Transport Format Combination Set. Maximum is 1024, e.g. up to 1024 different coding schemes can be used on a channel. The exact number of maximum TFC:s is FFS.

4.3.2.3 Interleaving type (4 bits)

Indicates the type of interleaving for the Transport Format Combination Set. Listed are the existing today, but new ones can also be added. One example which may be feasible is 8 burst block in case long interleaving is needed at the same time as two modulations are available on the channel.

0000
4 burst diagonal

0001
8 burst diagonal

0010
19 burst diagonal

0011
4 burst block

Other
Reserved

4.3.2.4 Number of Transport Formats (5 bits)

Number of Transport Formats in a Transport Format Combination. Maximum is 32.

4.3.2.5 Transport Format descriptor

Description of a Transport Format.

4.3.2.6 Number of bits in (11 bits)

Number of information bits per block delivered on a Transport Channel without tail, CRC etc. A single Transport Channel should be able to fill a full-rate 8-PSK channel which is 1392 bits per 20 ms. Therefore 11 bits are necessary.

4.3.2.7 Number of bits out (11 bits for Transport Format, 7 bits for TFCI)

Number of bits after channel coding and puncturing (or repetition).

4.3.2.8 CRC type (3 bits)

The CRC type indicates whether the Transport Format should use CRC check, and if so, the length of the CRC. One CRC polynomial is defined per CRC length.

000
No CRC

001
6 bits CRC

010
12 bits CRC

011
18 bits CRC

Other
Reserved

4.3.2.9 Code type (3 bits)

The code type indicates which type of channel coding that is used for the particular Transport Format. 

000
Tailbiting CC, K=5

001
Tailbiting CC, K=7

010
CC, K=5

011
CC, K=7

Other
Reserved

4.3.3 Signaling Volumes

In order to fully know the signaling volumes a complete message structure need to be designed. This section only summarizes the amount of payload needed to be transmitted to the MS when setting up a FLOC channel.  The assumptions are:

· Four AMR rates

· One SID UPDATE Transport Format Combination

· One FACCH Transport Format Combination

The amount of information bits, without overhead in terms of length indicators etc, is shown in Table 1. As can be seen 452 (57 octets) bits need to be transported to the MS. Such a volume is not unfeasible and it may also be reduced by a more intelligent signaling.

Table 1. Signaling volume example to set up a AMR FLOC channel.

Descriptor
Size (bits)
NR needed for AMR
Sum

TFCS
17
1
17

TFC
5
6
30

TFCI
13
1
13

TF FACCH
28
1
28

TF SID UPDATE
28
1
28

TF speech
3x28
4
336




452

5 Example: AMR 8-PSK HR

This section presents an example of how the physical layer could be configured to support AMR. Assuming Narrowband AMR there are eight channel codecs available, each with different amount of Class 1A and Class 1B bits per 20ms speech frame. In this example, we make four of the eight modes available on the radio channel for link adaptation in the same way as for existing optimized bearers. The Class 1A bits, Class 1B bits and AMR signaling (inband) bits are mapped onto different Transport Channels. 

In addition to the speech frames, call control signaling (FACCH) and silence information descriptor (SID UPDATE) are supported on the physical sub-channel. This results in a total number of 6 Transport Format Combinations that forms the Transport Format Combination Set. 
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Figure 4. Example of Transport Format Combinations before radio block interleaving when realizing a AMR channel.

In [3], simulations for the described example are presented.

5.1 Setup signaling for AMR example

The signaling to set up a AMR channel as in this example is shown below. The exact format of the Radio Bearer setup message is FFS. 

Flexible layer 1 descriptor struct :=


{



Radio block size = [001] (i.e., 696 bits)



Number of Transport Format Combinations =  6 (implicitly set the number of bits in for the L1 header to 3)


Interleaving type = [0001] (i.e., 8 burst diagonal)



Transport Format Combination Indicator description =




{





Number of bits out = 36





CRC type = [000] (i.e., no CRC)





Code type = [001] (i.e., tailbiting CC, K=7)




}



Transport Format Combination descriptor [1] =
(MR122)



{





Number of Transport Formats = 3





Transport Format descriptor [1,1] =


(AMR Inband)






{







Number of bits in = 2







Number of bits out = 27







CRC type = [000] (i.e., no CRC)







Code type = [001] (i.e., tailbiting CC, K=7)





}






Transport Format descriptor [1,2] =


(Class 1A bits)





{







Number of bits in = 81







Number of bits out = 200







CRC type = [001] (i.e., 6 bits CRC)







Code type = [011] (i.e., terminated CC, K=5)





}





Transport Format descriptor [1,3] = …

(Class 1B bits)



}



Transport Format Combination descriptor [2] =

(MR102)



{





Number of Transport Formats = 3





Transport Format descriptor [2,1] = …

(AMR inband)




Transport Format descriptor [2,2] = …

(Class 1A bits)




Transport Format descriptor [2,3] = …

(Class 1B bits)




}



…



Transport Format Combination descriptor [6] =


(FACCH)



{





Number of Transport Formats = 1





Transport Format descriptor [6,1] = …

(FACCH payload)



}


}

6 Conclusion

We have presented a configurable physical layer that is capable of supporting near term services such as wideband AMR and future services, which are unknown at this point. 

With the presented concept, it is possible to provide various unequal error protection and detection schemes. The schemes are configured when a RAB is set up, based on the RAB description received from the core network. The concept has similarities to L1 of UTRAN: RAB subflows are on layer 1 mapped onto transport channels that have configurable PDU sizes, code rates etc.

An initial analysis of the signalling required to configure layer one is given. The signalling volume seems to be feasible, and could be further reduced by using a cleverer coding of the messages.

Although the main focus in this contribution has been voice on a dedicated channel, the concept itself is not limited to this. The configurable physical layer could also be supported on shared channels and with multi-modulation.
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� Note that this is only an example to support AMR similar to GERAN today. The configurable physical layer is not limited to four AMR rates.
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