Page 1
Draft prETS 300 ???: Month YYYY


TSG-RAN Working Group 1 meeting #4
TSGR1#4(99)331
Shin-Yokohama, Japan

April 18-20, 1999

Agenda item:


Source: 

Ericsson

Title: 

Unequal error protection

Document for:

Decision

1
Introduction

The TSG-S4 Codec Working Group would like UTRAN to support unequal error protection (UEP) [1]. In addition to speech it is expected that UEP will also be desirable for IP packet services so that more protection can be used for the header than for the data part. Layer 1 does currently not support UEP and this paper outlines two ways of supporting different protection classes within a service. Speech services are given extra attention in this paper since the AMR codec is used as example. However, the objective is to find a general UEP scheme that is applicable to all sort of services.

2
The AMR codec

AMR has 8 different modes at 4.75 kbps, 5.15 kbps, 5.9 kbps, 6.7 kbps, 7.4 kbps, 7.95, kbps, 10.2 kbps and 12.2 kbps, all using 20 ms speech frames, and one additional mode for the Silence Indicator frame [1]. In GSM there are then several protection classes within each mode. The number of bits in each class for GSM full rate is given in Table 1 [8].

Class 1A:
FEC + error detection
Class 1B:
Same FEC as 1A but no error detection
Class 2: 
Unprotected

Mode
4.75 kbps
5.15 kbps
5.9 kbps
6.7 kbps
7.4 kbps
7.95 kbps
10.2 kbps
12.2 kbps

Class 1A
39 bits
49 bits
55 bits
55 bits
61 bits 
75 bits
65 bits
81 bits

Class 1B
56 bits
54 bits
63 bits
79 bits
87 bits
84 bits
139 bits
163 bits

Class 2
0 bits
0 bits
0 bits
0 bits
0 bits
0 bits
0 bits
0 bits

Table 1: Number of bits in each protection class for the different modes of the AMR codec.

3
Different protection classes on different transport channels

One way of supporting different protection classes is to treat each class as a different transport channel. Note that this does not necessarily mean that we are using several radio access bearers. It is up to the higher layers to decide how they want to handle the different classes. If higher layers want to use a single bearer, layer one could just add a demultiplexing unit at top of the current transport channel multiplexing scheme. This demultiplexing unit would simply separate the different classes so that each class is treated exactly as a transport channel is treated today. On the other hand, if higher layers decide to map each protection class on separate transport channels, no changes at all are necessary in layer 1.

The disadvantage with sending different classes on different transport channels is that tail bits are needed for each class since the classes are coded separately. Another issue is the CRC. The AMR codec need a CRC on the highest protection class but UTRAN adds CRC on each transport channel since the soft handover combining is done on transport blocks. Consequently, if 16 bits always are used for UTRAN CRC (current working assumption), the overhead will be large. According to [1], it is enough with 6-8 bits CRC for the AMR codec and if an 8 bit UTRAN CRC is introduced in layer 1, the overhead becomes reasonable. An 8 bit UTRAN CRC is of course not as powerful as a 16 bit but on the other hand the soft handover combining will be done on smaller blocks.

This should be compared with today’s scheme where UTRAN does not support CRC on units smaller than a transport block. Hence, if AMR should be used without modifications in layer 1, an application CRC would need to be added outside UTRAN. A comparison of today’s equal error protection (EEP) with an unequal error protection scheme is shown below for the highest mode and a lower rate AMR mode.

Mode
12.2 kbps, EEP
12.2 kbps, UEP
6.7 kbps, EEP
6.7 kbps, UEP

BER
Same for all classes
Set for each class
Same for all classes
Set for each class

Application CRC
8 bits for 1A
0
8 bits for 1A
0

UTRAN CRC
16 bits per tr. block
8 bits per tr. block (=class)
16 bits per tr. block
8 bits per tr. block (=class)

Tail bits
8 bits per tr. block
8 bits per tr. block
8 bits per tr. block
8 bits per tr. block

Class 1A
81 bits
81 bits
55 bits
55 bits

Class 1B
163 bits
163 bits
79 bits
79 bits

Total number of transmitted bits
163+81+8+16+8=276
163+8+8+81+8+8
=276
79+55+8+16+8=166
79+8+8+55+8+8=166

Table 2: Comparison of EEP and UEP.

If the smaller UTRAN CRC is used also with EEP, 8 less bits will need to be transmitted. This corresponds to 10log(276/268)=0.13 dB and 10log(166/158)=0.21 dB for the 12.2 kbps and 6.7 kbps. If one assumes that adding extra tail to each class only result in negligible improvements in performance, this would be the cost of sending the classes on different transport channels. In addition to this, there might be a small loss since more puncturing probably is needed in the UEP scheme to fit the bits onto a DPDCH of given spreading factor. Also, the loss due to extra overhead will increase with the number of classes used. When deciding how many classes each service should use and what the protection should be in each class, this must of course be taken into account.

Note that for a high data rate service with a few protection classes, the overhead due to the extra tail will be negligible.

4
Service specific coding

An alternative to sending the different protection classes on different transport channels would be send them on one transport channel and to use the service specific coding option that exist in the current specification [2]. In GSM, there are puncturing patterns defined for each rate. These patterns are designed so that the puncturing increases continuously over the frame. Defining such patterns in UTRA would obviously not result in a generic scheme. This means that special solutions would have to be added to the specification each time a new service is introduced. Examples of such services are speech, video, and packet services with different protection on header and data part. There is an obvious risk that this approach would make the current very flexible and general multiplexing scheme obsolete and that we instead will have a number of different solutions depending on service combinations.

If it is desirable to send all protection classes on one transport channel is believed that the best solution is to introduce Rate Compatible Puncture Codes (RCPC) in the general multiplexing scheme.

4.1
Rate Compatible Puncture Codes (RCPC)

Rate compatible puncture codes are well known in the literature, see e.g. [3]-[6]. The general idea of RCPC is to encode the data using a relatively low coding rate and then use puncturing to obtain a large number of code rates. There are puncturing patterns available for convolutional codes of rate ¼ that for example achieve very close to optimum performance for rate ½ [5]. The puncturing patterns of [5] are constructed so that for each rate, one additional bit is punctured. This means that only one table needs to be stored and that the rate can be changed “on the fly”. With this type of codes and puncturing patterns it is possible to send different protection classes on the same transport channel. If all protection classes are sent on the same transport channel, the number of tail bits is reduced since only one tail is needed instead of one for each class.

4.1.1
Different classes on same transport channel with RCPC

Using the same example as previously the following number of bits is required for UEP with RCPC:

Mode
12.2 kbps, EEP
12.2 kbps, RCPC
6.7 kbps, EEP
6.7 kbps, RCPC

BER
Same for all classes
Set for each class
(through coding rate)
Same for all classes
Set for each class
(through coding rate)

Application CRC
8 bits for 1A
8 bits for 1A
8 bits for 1A
8 bits for 1A

UTRAN CRC
16 bits per tr. block
16 bits per tr. block
16 bits per tr. block
16 bits per tr. block

Tail bits
8 bits per tr. block
8 bits per tr. block
8 bits per tr. block
8 bits per tr. block

Class 1A
81 bits
81 bits
55 bits
55 bits

Class 1B
163 bits
163 bits
79 bits
79 bits

Total number of transmitted bits
163+81+8+16+8=276
163+81+8+16+8=276
79+55+8+16+8=166
79+55+8+16+8=166

Table 3: Comparison of EEP and UEP obtained through RCPC.

The same number of bits results and UEP therefore seems to be obtained at no cost. Even if more classes are introduced, no extra overhead is needed. However, there is one important disadvantage. If one of the classes has relatively high coding rate (low protection), the UTRAN CRC will always be in error and hence useless for soft handover combining.

4.1.2
Different classes on same transport channel with RCPC, CRC on each class

A solution to the problem with an UTRAN CRC that always indicates error is to introduce CRC on parts of the transport block. This is illustrated in Figure 1.
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Figure 1: CRC on part of a transport block.

The same example as before will then yield the following result: 

Mode
12.2 kbps, EEP
12.2 kbps, RCPC
6.7 kbps, EEP
6.7 kbps, RCPC

BER
Same for all classes
Set for each class
(through coding rate)
Same for all classes
Set for each class
(through coding rate)

Application CRC
8 bits for 1A
0
8 bits for 1A
0

UTRAN CRC
16 bits per tr. block
8 bits per class 
(=part of tr. block)
16 bits per tr. block
8 bits per class 
(=part of tr. block)

Tail bits
8 bits per tr. block
8 bits per tr. block
8 bits per tr. block
8 bits per tr. block

Class 1A
81 bits
81 bits
55 bits
55 bits

Class 1B
163 bits
163 bits
79 bits
79 bits

Total number of transmitted bits
163+81+8+16+8=276
163+8+81+8+8=268
79+55+8+16+8=166
79+8+55+8+8=158

Table 4: Comparison of EEP and UEP obtained through RCPC.

For this example, the difference compared to sending the classes on different channels (as described in Table 2) is 8 bits. As before this corresponds to 10log(276/268)=0.13 dB and 10log(166/158)=0.21 dB. Of course the loss due to extra overhead will increase with the number of classes used. 

Introducing UTRAN CRC on parts of transport blocks of course imply increased complexity and the question is of course if this relatively small gain justifies this increase. For rate compatible convolutional codes of rate ¼ and constraint length 9 as defined in [5], the puncturing pattern is of length 32 coded bits. This means that a new rate will only be achieved exactly if the puncturing is changed on multiples of 8 uncoded bits. In Table 5, an example of how a rate ¼ code is punctured to rate ½ is given (x indicates punctured bit).

bit index
0
1
2
3
4
5
6
7

0

x
x

x

x


1
x


x

x

x

2

x
x

x
x

x

3
x


x



x

Table 5: Puncturing of rate ¼ to rate ½ [5].

Now consider a rate ½ protection class with 79 bits and 8 bits CRC. The first 10 octets do not cause any problems. However, the remaining 7 uncoded bits will not result in 14 but 15 coded bits and we will obtain the rate 87/175(1/2.01. Consequently, it will need to be calculated or implemented in look up tables how many bits that will result for class lengths that are not multiples of 8.

In addition to the increased complexity in “layer one hardware”, there are implications on for example the Iub transport formats. Currently, one bit that indicates if the CRC was correct or not, is attached to each transport block. With several CRCs per transport block this would of course have to be changed.

5
Conclusion

The TSG-S4 Codec Working Group would like UTRAN to support UEP and it is also believed that it will be desired for IP packet services. UEP can either be provided by sending different protection classes on different transport channels or by allowing different protection classes within a transport block.

The solution to support UEP by multiplexing different transport channels will not lead to extra complexity of the current scheme, while the second solution would require additional complexity. In our opinion, the changes required and the additional complexity are not justified by the small potential gain in less overhead due to less tail bits. 

Hence, in order to support unequal error protection it is proposed that it should be allowed to send different protection classes on different transport channels. This does currently not require any major changes in layer 1. The only thing needed is to introduce also shorter CRCs in UTRAN. Therefor it is proposed that the following text is added in [2], section 4.2.1:

"It should also be possible to use CRC of other length then 16 bits. The exact lengths and polynomials are yet to be specified."

TSG-R2 also need to consider how UEP could be supported on higher layers, and TSG-R3 need to consider how the transport channels should be transported over the Iu/Iub/Iur interfaces. Following the discussion in TSG-R3 [7] it does not seem improbable that layer 1 could receive the different protection classes on different transport channels. 
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