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Configurable Layer One – Simulation Results

1 Introduction

This document contains link simulation results for the Flexible Layer One Concept (FLOC).

The background and motivation for the concept can be found in [1]. A technical description is presented in [2]. The foreseen standard impact is described in [3].

2 Simulated Cases

Two cases are studied. In both, AMR narrowband speech is transported over an 8PSK half-rate channel. In the first case, the speech service is provided over a circuit-switched core network. In the second case, voice over IP (from a packet-switched core network) with ROHC header compression is studied.

In both cases, three different AMR rates are studied: MR102, MR795 and MR475. FLOC schemes configured to transport these services are simulated and the performance is compared to that of an optimised channel coding (for circuit switched speech).

Since the speech is transmitted over an 8PSK HR channel, 696 bits are available per 20 ms period. In the optimised case, 16 of these are stealing bits, while for FLOC, no stealing bits are used; the TFCI replaces the function of the stealing bits.

2.1 Optimised AMR speech bearer

The optimised channel coding has the following characteristics:

1. A six bit CRC is added to the C1A bits
2. The C1A bits (including CRC) and the C1B bits are concatenated

3. The concatenated block is encoded with a convolutional code (constraint length 7)

4. The encoded block is punctured unequally to give the C1A bits more protection than the C1B bits, and further to give the more important C1B bits more protection than the less important ones.

5. The two inband bits are encoded to 27 bits and mapped onto weak 8PSK bits.

6. 16 stealing bits are used per speech frame.

7. Diagonal interleaving is used.

This scheme is not identical to the baseline 8PSK HR AMR NB channel coding [4], but the performance is expected to be very similar.

2.2 FLOC configuration for circuit switched AMR speech bearer

In the circuit switched case, the transport format combinations for speech have three transport formats. One transport format is used for the inband
 bits, one for the class 1A bits and one for the class 1B bits. The general transport format combination format is shown in Figure 1.
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Figure 1. Block format for circuit switched speech. The TFC has three transport formats, one for the inband bits, one for the C1A bits and one for the C1B bits.

It is assumed that six TFCs are needed in this case: Four TFCs transporting four different AMR modes, one for the control signalling over FACCH and one for the silence information descriptor (SID_UPDATE). Thus, three information bits are needed in the TFCI.

The channel coding for the different modes is described in Table 1.

Field
AMR mode >
MR 10.2
MR 7.95
MR 4.75

TFCI
CRC
No
No
No


Code type
Block
Block
Block


Bits in/out
3/36
3/36
3/36

Inband
CRC
No
No
No


Code type
Block
Block
Block


Bits in/out
2/27
2/27
2/27

Class 1A
CRC
6 bits
6 bits
6 bits


Code type
Convolutional
Convolutional
Convolutional


Bits in/out
(65+6
)/235
(75+62)/333
(39+62)/313

Class 1B
CRC
No
No
No


Code type
Convolutional
Convolutional
Convolutional


Bits in/out
139/398
84/300
56/320

Table 1. FLOC channel coding for circuit switched AMR.

2.3 FLOC configuration for packet switched AMR speech bearer

In the packet switched case, it is assumed that the speech is transported over RTP/UDP/IP. The RTP/UDP/IP headers are compressed using ROHC. A compressed header size of one octet has been assumed. Simulations have shown that the average compressed header size over an EDGE link is 1.2 [5], which means that a one-octet header is by far the most common case. The performance with larger headers is for further study, but since these are quite rare, this is not expected to have a significant impact on the average link performance.

Thus, in addition to the transport channels needed in the circuit switched case, one additional transport channel is needed for the compressed header. The general transport format combination format is shown in Figure 2.
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Figure 2. Block format for packet switched speech. The TFC has four transport formats, one for the ROHC header, one for the inband bits, one for the C1A bits and one for the C1B bits.

In this case, it is assumed that 18 TFCs are needed: All eight modes are made available. Each mode can have two
 different ROHC header sizes, for instance one octet and two octets. Further, one TFC is needed for control signalling (RRC, SIP etc.) and for larger ROHC headers and ROHC context update. Also, one TFC is needed for SID_UPDATE. Therefore, 5 the TFCI has information bits.

The channel coding for the different modes is described in Table 2.

Field
AMR mode >
MR 10.2
MR 7.95
MR 4.75

TFCI
CRC
No
No
No


Code type
Block
Block
Block


Bits in/out
5/44
5/44
5/44

RTP/UDP/IP header
CRC
No
No
No


Code type
Block
Block
Block


Bits in/out
8/31
8/37
8/55

Inband
CRC
No
No
No


Code type
Block
Block
Block


Bits in/out
3/18
3/18
3/36

Class 1A
CRC
6 bits
6 bits
6 bits


Code type
Convolutional
Convolutional
Convolutional


Bits in/out
(65+6
)/223
(75+64)/314
(39+64)/259

Class 1B
CRC
No
No
No


Code type
Convolutional
Convolutional
Convolutional


Bits in/out
139/380
84/283
56/302

Table 2. FLOC channel coding for packet switched AMR.

3 Simulation Assumptions

The following assumptions are made:

· TU channel profile

· 3 km/h

· Ideal frequency hopping

· 900 MHz band

· Interference limited scenario

4 Simulation Results

Table 3 summarises the performance differences. The table values are the additional C/I required to achieve a class 1A FER of 1% and a class 1B RBER of 0.1%, respectively, as compared to the optimised circuit switched schemes.


Circuit switched
Packet switched (VoIP)

Mode
C1A FER
C1B RBER
C1A FER
C1B RBER

MR 4.75
0.6 dB
0 dB
1.2 dB
0.6 dB

MR 7.95
0.4 dB
0.3 dB
0.8 dB
0.7 dB

MR 10.2
0.5 dB
-0.15 dB
0.75 dB
0.15 dB

Table 3. Performance difference of FLOC schemes compared to optimised circuit switched schemes.

5 Discussion

The simulation results show that the optimised scheme is only about 0.5 dB better than the circuit switched FLOC scheme, and only about 1 dB better than the packet switched FLOC scheme. The loss is due to:

· The TFCI field

· Generic puncturing derived by a simple algorithm (evenly distributed punctures) instead of optimised puncturing patterns

· Terminated codes for class 1A and 1B

· In case of IP speech, the ROHC header field

· In case of IP speech, the larger inband field (all eight modes available)

Notice that the loss in residual BER is smaller (in one case there is even a gain). A better balancing of the relative performance of the bit classes would decrease the loss in class 1A FER.

The loss in subjective speech quality is for further study, however it is not expected to be significantly larger than the objective loss. The most important factor on subjective quality is the unequal error protection and detection. The effect due to a generic puncturing is within a bit class is expected to be small.

6 Conclusions

Simulations were presented showing the performance of circuit switched AMR and packet switched AMR (with ROHC) transported over FLOC. The performance was compared to that of an optimised circuit switched scheme. Three different AMR modes were studied, MR 10.2, MR 7.95 and MR 4.75. In all cases, the loss of the circuit switched FLOC scheme is about 0.5 dB at 1% class 1A FER. For the packet switched case, where a one octet compressed header was included, the loss is about 1 dB, compared to the optimised circuit switched case.
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Annex A  Detailed Simulation Results
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Figure 3. Link performance for MR 4.75
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Figure 4. Link performance for MR 7.95

[image: image5.jpg]10 T T
: —— AMR C1A FER
—— FLOG C1A FER
—6— FLOC+ROHC C1A FER
-&- AMR C1B rBER
—- FLOC G1BrBER
- FLOC+ROHC C1B rBER g
—— FLOC L1 header FER
—— FLOG+ROHC L1 header FER
10 3 : —— FLOG+ROHC IP header FER

G/l [dB]




Figure 5. Link performance for MR 10.2










� The inband bits are normally used for Mode Request and Mode Indication, however, with FLOC, the Mode Indication is not needed since the mode is indicated in the TFCI. This means that a Mode Request can be sent in every frame instead of every other.


� Six CRC bits


� Optionally, three header sizes can be used without increasing the number of TFCI information bits.


� Six CRC bits
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