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Architecture for a Flexible Layer One

1. Introduction

A flexible layer one based on the same principles that are used in UTRAN, was proposed for GERAN [1]. Through several enhancements such as reduced granularity and flexible interleaving, the radio bearers offered by FLOC would improve the link level performance of IMS services quite a lot compared to Release 5 [2]. This contribution proposes an architecture for FLOC.

2. background

In GERAN today, the MAC Layer is responsible for the mapping between the logical channels (traffic or control channels) and the basic physical subchannels (Dedicated Basic Physical SubCHannel or Shared Basic Physical SubCHannel) [3]. The logical channels are the channels the physical layer offers to the MAC layer. Until now these logical channels and the mapping to the basic physical subchannels have been fully specified in GSM/EDGE standards and therefore the functionality in the MAC layer is relatively simple. 

A different approach has been taken in UTRAN, where instead of providing logical channels the physical layer offers Transport Channels (TrCH), which can be used by the MAC layer [4]. Basically a transport channel can be used to transmit one flow over the air interface. A number of transport channels can be active at the same time and multiplexed at the physical layer. The transport channels are configured at call setup by the network.

The concept of transport channels used in UTRAN is proposed to be used in GERAN i.e. the physical layer offers one or several transport channels to the MAC layer.  Each of these transport channels can carry one flow having a certain Quality of Service (QoS). A number of transport channels can be multiplexed and sent on the same physical subchannel thereby making it possible to have different protection on different classes of bits for instance. 

The configuration used on a transport channel i.e. the number of bits, coding, interleaving etc. is denoted the Transport Format (TF) . As in UTRAN, a number of transport formats can be associated to one transport channel. For instance in AMR, the class 1a bits have their own TrCH, with one transport format configured per AMR mode. The configuration of the transport formats is completely controlled by the network and signalled to the mobile at call setup. In both the mobile and the BTS, the transport formats are used to configure the encoder and decoder units. When configuring a transport format the network can choose between a number of predefined CRC lengths and code types. For each of the transport channels, a given number of transport formats are configured at call set-up. 

Transport blocks (TB) are exchanged between the MAC layer and the physical layer on a transport time interval (TTI) basis (e.g. 20ms). For each transport block a transport format is chosen and indicated through the transport format indicator (TFI). In other words, the TFI tells which channel coding to use for that particular transport block on that particular TrCH during the TTI.

Only some combinations of the transport formats of the different TrCH are allowed. A valid combination is called a Transport Format Combination (TFC). When transport formats are combined in a TFC the sum of the output bits adds up to the total number of available bits in a radio block on the basic physical sub-channel e.g. 464 for GMSK full rate channels. The set of valid TFCs on a physical sub-channel is called the Transport Format Combination Set (TFCS).

In order to decode the received sequence the receiver needs to know the active TFC for a radio block. This information is transmitted in the Transport Format Combination Indicator (TFCI) field. This field is basically a layer 1 header and has the same function as the stealing bits today. Each of the TFC within a TFCS are assigned a unique TFCI value and when a radio block is received this is the first thing to be decoded by the receiver. From the decoded TFCI value the transport formats for the different transport channels are known i.e. the actual decoding can start.

In brief the flexible layer one can be summarized as follows:

· the physical layer offers transport channels 
· on each transport channel, transport blocks are exchanged between the physical layer and the MAC layer on a transmission time interval basis (e.g. every 20 or 40ms)

· the transport format indicator indicates which transport format to use for that particular transport block.

· transport formats are configured by RRC.

· transport format combination set contains the allowed transport formats on a particular basic physical subchannel.

· transport format combination sets are configured by RRC.

· transport format combination indicator signals the transport format combination of the radio block.

3. Proposed architecture

Figure 1 presents the proposed architecture for a GERAN flexible layer one. It is inspired by the architecture that was standardised for the UL in UTRAN [4] [5]. In the following sections, each sub-block is explained in details.

[image: image1.wmf]Layer 2

TrCH(i)

CRC Attachment

Channel Coding

Rate Matching

Physical Channels

Transport Channels

Multiplexing

Segmentation

2nd Interleaving

add CRC

0,6,12,24 bits

convolutional code

block code

no code

Radio Frame

Equalisation

to ensure that it can

segmented

for interleaving depth

greater than radio block size

1st interleaving

get ready for

segmentation

adjust the size to

fit radio block

rectangular interleaving

radio block

multiplex coded transport

block or sub-blocks from

several TrCH

TFCI

coded TFCI mapping on

radio block

4 bursts radio block

TrCH(i+1)    ...

TrCH(I)


Figure 1. FLOC Architecture
CRC Attachment

Error Detection is provided on each TB through a CRC. The size of the CRC to be used is fixed on each TrCH and configured by RRC (semi static attribute of the transport format). The entire transport block is used to calculate the CRC parity bits. The following CRC sizes could be used in order to fulfil the residual BER QoS requirements [6]:

· 0 (no error detection)

· 6 (for AMR mainly)

· 12 (as in GPRS)

· 24 (as in UTRAN)

3.1 Channel Coding

After CRC attachment, the blocks are processed through channel coding, producing coded transport blocks. The channel coding to be used is chosen by higher layer (RRC) and can only be changed through higher layer signalling (semi-static attribute of the transport format). In practise it is fixed for each TrCH. This means that for AMR, the same mother code is used for all the modes, and rate matching adjusts the code rate by puncturing or repetition (see §3.6).

To define the convolutional coding it is proposed to reuse the existing generator polynomials and only non-recursive non-systematic codes as in UTRAN (non-recursive non-systematic are much easier to process through rate matching). In order to reduce signalling and complexity, only one or two mother code rate(s) should be selected (e.g. mother code rate of 1/3). 

Gains of turbo code are visible for low target BER only. Around 1% of target BER the performance are similar to convolutional codes. Since the primary targets of FLOC are RT services of which the target BER is around 1%, turbo codes are probably not needed at the beginning.

The no-coding option and the possibility of having block codes are to be studied further.

3.2 Radio Frame Equalisation

Radio frame size equalisation is padding the input bit sequence in order to ensure that the coded transport block can be segmented in n data segments of same size. It is only used when the transmission time interval is longer than 20 ms (radio block size).

In practise it just adds a few dummy bits at the end of the coded transport block whenever needed. Taking for instance a coded transport block 1234567 and a TTI of 80ms, one dummy bit is added at the end of the transport block in order to ensure that it can be divided in 4 segments (4 radio blocks of 20ms): 12345678.

3.3 First Interleaving

The first interleaver is a simple block interleaver with inter-column permutation. It is used when the transmission time interval is greater than the size of the radio block (TTI > radio block size) and is transparent otherwise. Its task is to ensure that no consecutive coded bits are transmitted in the same radio block. The UTRAN inter-column permutation can be reused in GERAN and is described in the following table (assuming a radio block size of 20ms):

	TTI
	Number of 
Columns
	Inter-column 
permutation patterns

	20 ms
	1
	<0>

	40 ms
	2
	<0,1>

	80 ms
	4
	<0,2,1,3>

	100 ms
	8
	<0,4,2,6,1,5,3,7>


Table 1. Inter-Column Permutation Pattern
Let us continue with the previous example of coded transport block 12345678. Since the TTI was 80ms, 4 radio blocks are used on the physical channel and consequently 4 columns are used in the matrix. The input bit sequence is written into the matrix row by row (1); inter-column permutation is then performed (2) and finally, the output bit sequence is read column by column in the matrix (3) producing the interleaved bit sequence 15372648 (see Figure 2).
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Figure 2. First interleaving example
3.4 Segmentation

When the transmission time interval is longer than 20 ms, the input bit sequence is segmented and mapped onto n consecutive radio blocks (n = TTI / 20). Following radio frame size equalisation the input bit sequence length is guaranteed to be an integer multiple of n. Going back to our previous example, the bit sequence produces 4 data segments 15, 37, 26 and 48. One can easily see that thanks to the first interleaver, the distance between coded bits is maximised and consequently no consecutive coded bits will be transmitted in the same radio block.

3.5 Rate Matching

The rate matching is the core of the flexible layer. It means that bits on a transport channel are repeated or punctured. Higher layers assign a rate-matching attribute for each transport channel. This attribute is semi-static and can only be changed through higher layer signalling. The rate-matching attribute is used when the number of bits to be repeated or punctured is calculated, the higher the attribute the more important the bits (more repetition / less puncturing). Rate-matching attributes are only significant when compared between each other. For instance if the rate-matching attribute of TrCH(A) is 2, while the rate-matching attribute of TrCH(B) is 1, it simply means that TrCH(A) is twice more important than TrCH(B).

Since the block size is a dynamic attribute, the number of bits on a transport channel can vary between different transmission time intervals. When it happens, bits are repeated or punctured to ensure that the total bit rate after TrCH multiplexing (see §3.7) is identical to the total channel bit rate of the allocated dedicated physical channels. Outputs from the rate matching are called radio frames. Every 20ms the rate matching produces one radio frame for every TrCH.

The rate matching for GERAN is expected to be simpler than the UTRAN one for several reasons:

· no spreading factor to take care of

· no compressed mode
 to bother with

· many parameters of the UTRAN algorithm can be fixed either to 0 or 1

3.6 TrCH Multiplexing

Every 20 ms, one radio frame from each TrCH is delivered to the TrCH multiplexing according to the TFC. These radio frames are serially multiplexed into a coded composite transport channel (CCTrCH).
3.7 Second Interleaving

The second interleaver is a simple block interleaver. For instance it could be similar to the one that is used for CS1. At this point one may wonder what the advantages are of having two different interleavers in the flexible layer one. The advantages are twofold:

1) it allows for building any interleaving depth from 20ms to n*20ms, and

2) it allows for multiplexing several transport channels with different interleaving depth. For instance a streaming flow can be interleaved over a long period of time while the RTSP commands can be interleaved over one radio block only.

3.8 TFCI

Before transmission the coded TFCI is mapped onto the radio block. Because the TFCI is the very first thing to decode to be able to read the content of the radio block, its coding should be strong and at least as strong as the stronger coding that is used for a TrCH. Some symbols could be reserved for the coded TFCI on each burst of the radio block. The amount of symbols could be fixed or dynamic.

4. VoIP example

In this section, an example of VoIP over FLOC (over GMSK modulated DBPSCH/F) is given in order to see how the proposed architecture works. For VoIP with NB AMR, 9 different frames with two different bit classes can be carried in the RTP/UDP/Packets as described in Table 2 [7]. An ACS is assumed to be set and only the following modes are allowed:

· AMR 12.2

· AMR 7.4

· AMR 5.9

· AMR SID

	Index
	Content
	Class A bits
	Class B bits

	0
	AMR 4.75 kbit/s
	42 bit
	53 bit

	1
	AMR 5.15 kbit/s
	49 bit
	54 bit

	2
	AMR 5.9 kbit/s
	55 bit
	63 bit

	3
	AMR 6.7 kbit/s
	58 bit
	76 bit

	4
	AMR 7.4 kbit/s
	61 bit
	87 bit

	5
	AMR 7.95 kbit/s
	75 bit
	84 bit

	6
	AMR 10.2 kbit/s
	65 bit
	139 bit

	7
	AMR 12.2 kbit/s
	81 bit
	163 bit

	8
	AMR SID
	39 bit
	0 bit


Table 2. RTP/UDP/IP packet content for VoIP with AMR
Assuming that UEP/UED is used, the payload of the RTP/UDP/IP packet requires two transport channels, one for the class A bits and one for the class B bits (class 1a and 1b respectively). Besides one transport channel is needed for the compressed RTP/UDP/IP header and another one for the FACCH. As a result, four transport channels are used between the MAC and the physical layer (Figure 3). On these four transport channels, transport blocks are exchanged on a 20ms basis (TTI).
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Figure 3. Transport Channels for VoIP
For TrCH(1) - class A bits - and TrCH(2) - class B bits - 4 different transport formats are needed for the 4 modes that are allowed with the ACS. For TrCH(3) - compressed headers - we assume 3 different transport formats for 3 possible sizes of the compressed RTP/UDP/IP headers : 2,4 and 6 bytes. For TrCH(4) - FACCH - only one transport format is required. The 14 allowed transport format combinations are listed in Table 3.

	Index
	TrCH(1)
	TrCH(2)
	TrCH(3)
	TrCH(4)

	0
	81 bit
	163 bit
	16 bit
	x

	1
	61 bit
	87 bit
	16 bit
	x

	2
	55 bit
	63 bit
	16 bit
	x

	3
	39 bit
	x
	16 bit
	x

	4
	81 bit
	163 bit
	32 bit
	x

	5
	61 bit
	87 bit
	32 bit
	x

	6
	55 bit
	63 bit
	32 bit
	x

	7
	39 bit
	x
	32 bit
	x

	8
	81 bit
	163 bit
	48 bit
	x

	9
	61 bit
	87 bit
	48 bit
	x

	10
	55 bit
	63 bit
	48 bit
	x

	11
	39 bit
	x
	48 bit
	x

	13
	x
	x
	x
	184 bit


Table 3. TFC for VoIP with AMR
4.1 CRC Attachment

Error Detection of the payload being already provided by UDP, no CRC is needed on TrCH(1) and TrCH(2). For TrCH(3) - compressed header - a 6 bits CRC is proposed and for TrCH(4) - FACCH - a 24 bits CRC can be used (see Table 4).

4.2 Channel Coding

After CRC attachment, the blocks are processed through channel coding. The channel coding is chosen by RRC. In this example, the same mother code is used for every TrCH: 1/3 non-recursive non-systematic convolutional code (see Table 4).

	TrCH
	TB
	CRC
	Coded TB

	TrCH(1)
	81
	0
	243

	TrCH(1)
	61
	0
	183

	TrCH(1)
	55
	0
	165

	TrCH(1)
	39
	0
	117

	TrCH(2)
	163
	0
	489

	TrCH(2)
	87
	0
	261

	TrCH(2)
	63
	0
	189

	TrCH(3)
	16
	6
	84

	TrCH(3)
	32
	6
	132

	TrCH(3)
	48
	6
	180

	TrCH(4)
	184
	24
	624


Table 4. Coded Transport Blocks (size in bit)
4.3 Radio Frame Equalisation, First Interleaving & Segmentation

A block interleaving over 20 ms is used in this example to keep it simple. As a result, the radio frame equaliser, first interleaver and segmentation are transparent.

4.4 Rate Matching

Because the class B bits are less important than the class A ones and the compressed headers, the RM attribute of TrCH(2) should be lower than the RM attribute of TrCH(1) and TrCH(3). Furthermore since the FACCH is always sent alone, it does not really matter which RM attribute is set to TrCH(4). The following RM attributes could be used for instance:

· 7 for TrCH(1) - class A bits

· 6 for TrCH(2) - class B bits

· 7 for TrCH(3) - compressed headers

· 1 for TrCH(4) - FACCH

Taking for instance TFC#4 (AMR12.2 with 4 bytes of compressed header, see Table 3 and Table 4) where 243 coded bits from TrCH(1) are sent together with 489 coded bits from TrCH(2) and 132 coded bits from TrCH(3), one can easily compute the number of punctured bits using the (N matrix of the rate-matching algorithm specified in [5]:

· TrCH(1): 108 bits punctured 
( 135 bits left for an effective code rate of 0.60

· TrCH(2): 257 bits punctured 
( 232 bits left for an effective code rate of 0.70

· TrCH(3): 59 bits punctured 
( 73 bits left for an effective code rate of 0.52

4.5 TrCH Multiplexing

Every 20 ms, one radio frame from each TrCH is delivered to the TrCH multiplexing according to the TFC. These radio frames are serially multiplexed into a coded composite transport channel (CCTrCH). Taking for instance TFC#4, 135 bits from TrCH(1) are serially multiplexed with 232 bits from TrCH(2) and 73 bits from TrCH(3), giving a CCTrCH of 440 bits.
4.6 Second Interleaving

The second interleaver is a simple block interleaver over 4 bursts (110 bits per burst).

4.7 TFCI

Before transmission the coded TFCI is mapped onto the radio block. Knowing that 14 transport format combinations are allowed, 4 bits are required for the TFCI. These 4 bits are encoded to 24. The TFCI is mapped together with the 440 bits of the CCTrCH producing a 464 bits radio block.

5. Conclusion

An architecture for FLOC was presented. It is flexible enough in order to fulfil the requirements of any IMS service in an efficient manner. It is proposed as a basis for further discussion.
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� Downlink DTX allowing the MS to perform link quality measurements.
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