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Configurable Physical Layer – Description and Subjective Performance

1 Summary

This contribution introduces the Flexible Layer One Concept (FLOC) for GERAN and presents subjective performance results from a listening test. 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 would enable efficient support in GERAN of VoIP and other IP multimedia services that use robust header compression. 

The configurable layer one have earlier been presented at TSG GERAN in [2], [3] and [4].

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.

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 protocol overhead. 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).

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

One of the major advantages with the configurable layer one is that new services can be potentially 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

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

Figure 1 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 1: 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 TCH/AFS122 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 2. 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.
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Figure 2: 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 Performance

The performance of FLOC channel coding have been compared to a traditional optimized channel coding using AMR on HR 8-PSK. 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 optimized channel coding. The optimized channel coding used as an reference is Ericssons proposal for HR 8-PSK AMR coding [5]. The balance between Class 1A and 1B have been optimized with respect to subjective performance.

The FLOC channel coding have been designed give as good performance as possible, thus the case without any IP header have been simulated. The performance results therefore apply for a voice service over Iu-cs, or closely to a VoIP service over Iu-ps using a efficient header compression scheme, e.g. Link-Layer Assisted ROHC.

Annex B  contains additional subjective and objective results.

4.1 Subjective results

Figure 3 shows the subjective performance from a listening test with 8-PSK HR and FLOC speech quality vs C/I on a TU3iFH channel. The curves assume ideal link adaptation i.e. the score for the best mode is used for each C/I point (of the three modes tested).

The loss for FLOC compared to the optimized AMR channel coding is in the range of 0.05 to 0.1 MOS. As can be seen the largest performance difference is between 8 and 12 dB. If all eight AMR modes were to be used it is likely that this difference would be lower due to the smaller MOS granularity. The loss in required link quality is in the range of 0.1 to 0.8 dB.

[image: image7.wmf]FLOC vs 8-PSK HR

2,00

2,10

2,20

2,30

2,40

2,50

2,60

2,70

2,80

2,90

3,00

3,10

3,20

3,30

3,40

3,50

3,60

3,70

3,80

5

5,5

6

6,5

7

7,5

8

8,5

9

9,5

10

10,5

11

11,5

12

12,5

13

13,5

14

14,5

15

C/I [dB]

[MOS]

8-PSK HR

FLOC

Figure 3: Subjective performance for FLOC and optimized 8-PSK HR channel coding. The best MOS of AMR 4.75, 7.95 and 10.2 for each C/I is shown.

4.2 Objective Results

Table 1 summarizes the objective 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 optimized circuit switched schemes.

Mode
C1A FER
C1B RBER

MR 4.75
0.2 dB
1.8 dB

MR 7.95
0.3 dB
1.1 dB

MR 10.2
0.3 dB
1.4 dB

Table 1. Performance difference of FLOC schemes compared to optimized circuit switched schemes.

5 Conclusion

The configurable physical layer that is proposed is capable of supporting 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.

We have shown, using a listening test, that the flexible layer one can transport speech with good quality, close to the existing optimized speech channels. FLOC therefore gives efficient support of both circuit switch voice services, packet switched voice, and other future services. 
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Annex A  FLOC Configuration used for simulations

The transport format combinations for AMR 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 4.
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Figure 4. Block format for AMR speech over FLOC. 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 signaling 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 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
3/36
3/36
3/36

Inband
CRC
No
No
No


Code type
Block
Block
Block


Bits in/out
2/12
2/18
2/27

Class 1A
CRC
6 bits
6 bits
6 bits


Code type
Convolutional

Convolutional3
Convolutional3


Bits in/out
(65+6
)/260
(75+64)/338
(39+64)/323

Class 1B
CRC
No
No
No


Code type
Convolutional3
Convolutional3
Convolutional3


Bits in/out
139/388
84/304
56/310

Table 2. FLOC channel coding for circuit switched AMR.

Annex B  Additional subjective and objective test results

Table 1 shows some of the test data. For each of the randomization groups unique source samples were used for conditions 1-18. For condition 19 the same source samples as for condition 7 was used, for condition 20 the same samples as for condition 8 were used and so on in order to make the comparison between FLOC and the 8-PSK HR reference as reliable as possible. An offset in the error files was used in order to not use the same channel realization for all 4 talkers. The 8-PSK HR reference is the Ericsson baseline described in [5]. The finally selected 8-PSK HR scheme [6] is different compared to the baseline but the performance difference is small and can be neglected in this comparison.

Parameter
Comment

Test type
ACR

Input level
Nominal –26 dBOL

Filtering
Modified IRS

Listening system
Telephone handset

Numbers of talkers
2 Male, 2 female

Number of listeners
24 in 6 randomization groups

Votes per condition
96

       Table 1. Listening test data 

Number
Coder
Condition
MOS

1
Original
No errors
3,92

2
MNRU
6 dB
1,17

3
MNRU
12 dB
2,07

4
MNRU
18 dB
2,93

5
MNRU
24 dB
3,51

6
MNRU
30 dB
3,76

7
MR102 8-PSK HR
15 dB
3,75

8
MR102 8-PSK HR
13 dB 
3,63

9
MR102 8-PSK HR
11 dB
3,16

10
MR102 8-PSK HR
9 dB
2,38

11
MR795 8-PSK HR
13 dB
3,61

12
MR795 8-PSK HR
11 dB
3,41

13
MR795 8-PSK HR
9 dB
2,84

14
MR795 8-PSK HR
7 dB
2,01

15
MR475 8-PSK HR
11 dB
3,27

16
MR475 8-PSK HR
9 dB
3,14

17
MR475 8-PSK HR
7 dB
2,88

18
MR475 8-PSK HR
5 dB
2,07

19
MR102 FLOC
15 dB
3,70

20
MR102 FLOC
13 dB 
3,60

21
MR102 FLOC
11 dB
3,30

22
MR102 FLOC
9 dB
2,25

23
MR795 FLOC
13 dB
3,50

24
MR795 FLOC
11 dB
3,28

25
MR795 FLOC
9 dB
2,88

26
MR795 FLOC
7 dB
1,87

27
MR475 FLOC
11 dB
3,26

28
MR475 FLOC
9 dB
3,05

29
MR475 FLOC
7 dB
2,85

30
MR475 FLOC
5 dB
1,95
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Figure 5: Objective performance for reference and FLOC using AMR 10.2.

[image: image5.wmf]
Figure 6: Objective performance for reference and FLOC using AMR 7.95.

[image: image6.wmf]
Figure 7: Objective performance for reference and FLOC using AMR 4.75.

� EMBED Word.Picture.8  ���








� 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.


� 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.


� Non-Recursive coding have been used.


� Six CRC bits
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