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1
Introduction

Currently when AMR voice is carried over R99, the vocoder class-A,B,C bits are separately encoded and transmitted over separate transport channels, and only the class-A bits have CRC protection. This unequal protection was designed because it provided satisfactory voice quality and improved link performance relative to joint encoding of class-A,B,C bits. However, if this scheme is used when FET is employed as part of DCH enhancements, then, since the FET is activated only based on the CRC pass/fail status of the class-A bits, the BER of class-B and C bits when FET is activated may be considerably worse than it is in the current R99. This contribution quantifies this degradation of Class-B and C BER due to absence of joint coding. In RAN1#74bis meeting, RAN1 has already made a working assumption for DCH enhancements that “The coordinated DCHs of AMR (class A, B and C bits) are jointly encoded and protected with a common CRC calculated over all the bits”. We propose to convert this working assumption to a RAN1 agreement based on the results of this contribution.
2
BER of Class-B,C bits
The BER results are shown in Table 1, for AMR12.2kbps full-rate frames with active-set size of 1. Simulation assumptions are as in [1],[2], with Scheme-A representing ‘HalfTTI’ and Scheme-B representing ‘HalfTTIrepeat’ DCH enhancements scheme proposed in [1]. The only difference from [1] is that Rel-99 rate-matching and separate rate ½ encoding of class-A,B,C bits was used for both schemes. Rate-matching attributes were set to 183,176,175,200 for class-A,B,C and DCCH respectively. Packets for which the CRC on class-A bits fails are excluded from the BER calculation, since those packets are considered to be bad, and the BER for class-B and C bits is thus irrelevant in that case. The BER is shown both with and without FET. It is evident from Table 1 that the use of FET causes order-of-magnitude degradation in the BER.
Table 1: BER of class-B,C bits without joint encoding.

[image: image1.emf]SchemeASchemeBSchemeASchemeB SchemeASchemeBSchemeASchemeB

3 0.104 25.189 9.518 0.086 0.075 0.363 4.062 5.777 0.054 0.052

6 0.117 17.971 9.717 0.098 0.027 0.571 7.741 5.783 0.062 0.018

9 0.129 17.702 10.013 0.124 0.015 0.727 8.187 5.925 0.078 0.010

12 0.129 17.900 10.453 0.147 0.016 0.803 8.233 6.022 0.084 0.008

3 0.135 16.580 9.759 0.282 0.008 0.805 9.144 5.946 0.166 0.005

6 0.137 16.832 10.063 0.291 0.010 0.863 9.274 5.996 0.177 0.005

9 0.147 17.051 10.247 0.293 0.013 0.912 9.311 6.029 0.172 0.006

12 0.150 17.258 10.380 0.315 0.014 0.918 9.384 6.035 0.176 0.006

3 0.160 16.671 9.932 0.274 0.006 0.934 9.136 5.830 0.170 0.004

6 0.171 17.069 10.251 0.302 0.006 1.020 9.394 6.003 0.182 0.003

9 0.177 17.326 10.548 0.319 0.008 1.051 9.626 6.147 0.174 0.004

12 0.193 17.610 10.765 0.352 0.010 1.104 9.754 6.236 0.184 0.005

3 0.159 16.511 9.902 0.334 0.004 1.000 9.425 5.942 0.205 0.002

6 0.169 16.905 10.249 0.355 0.004 1.050 9.636 6.119 0.190 0.002

9 0.183 17.313 10.571 0.381 0.006 1.064 9.906 6.278 0.198 0.003

12 0.192 17.523 10.789 0.388 0.007 1.100 9.981 6.389 0.201 0.003
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Note that at this point, neither Scheme A nor Scheme B is by any means the finalized design proposal for DCH enhancements. Hence the question can arise as to whether any conclusions from Table 1 also apply to other DCH enhancements proposals. Indeed, changes to RM attributes could change the results in Table 1. However, the order-of-magnitude difference in BER with FET and without FET is a sufficiently compelling demonstration of the fact that FET is incompatible with independent encoding that leaves class-B,C bits without CRC protection. For example, increasing the RM attributes for class B and C relative to class A may improve their BER, but causes class-A performance to suffer. Also note that if FET is disabled, the BER for scheme-B is in fact much better (by around a factor of 100) than that of R99, so in this sense, the rate-matching attributes can be said to be already overdesigned for the class B, C bits in this scheme. In spite of that, when FET is turned on the BER degrades to much worse than R99. This again shows that FET is fundamentally incompatible with independent encoding.
Also note that joint encoding effectively eliminates the concern regarding the class-B,C bits. Table 1 does not contain any comparative BER results for any schemes using joint encoding, because again, packets that fail the CRC should be excluded from any such BER result, and joint encoding implies that for the remaining packets, the BER is almost zero. (The reason it is not exactly zero is due to packets suffering false CRC pass, however, this is a much rarer event than the class-B,C BER in current R99).
The link performance loss of joint coding over independent coding arises from the fact that with joint coding, a larger number of bits must be correctly received to enable the power-control loop to reduce the SIR-target, hence the SIR-target converges to a larger value. However, this loss has already been accounted for in all DCH-Enhancements simulations done in RAN1 to date. The question could still arise as to whether this loss could be avoided at some sacrifice to voice quality resulting from the increased BER for class-B,C bits. However, answering this question requires extensive subjective voice quality testing to ensure that the quality sacrifice is acceptable, and this is outside the scope of the current work item. Joint CRC protection solves the problem – by ensuring that the BER is no worse than that of current R99, we avoid the need for any voice quality tests. In fact, there is even a possibility of some voice quality improvement due to the reduced BER of class-B,C bits.
3
Conclusions

We have demonstrated the degradation in the BER of class-B,C bits induced by FET, thus motivating the following proposal:
Proposal 1: Agree that class-A, class-B, and (if present) class-C bits from AMR vocoder shall be concatenated into a single transport block and protected by a common CRC and jointly encoded for transmission on enhanced DCH.
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