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1. Introduction

For harmonisation, the issue of concern to cdma2000 operators is the ability to efficiently support voice services with a spreading factor of 256. This was reflected in the OHG report[1], section 2.2.2.4 "In order to efficiently support low rate data services (e.g., 8kbps voice services, with a rate 1/3 FEC code and a spreading factor of 256 the number of pilot bits applied to the dedicated traffic channel is under consideration."

The OHG did not conclude on the minimum number of pilot bits, that is say whether there should be a minimum of 2 pilot bits in the DPCCH or no pilot bits, the two cases being listed in [2].  The decision criterion is mostly linked to the power control process. Going for zero pilot bits may indeed require to have two power control algorithms, one relying solely on the DPCCH, and the other relying on the DPCCH and the common pilot. The first algorithm had indeed anyway to be implemented for connection where no common pilot is used, like spot beam. 

In the following, we would like to initiate some discussion relative to the slot structure, inluding the minimum number of pilot bits, for SF=256 considering one the mostly used vocoders in IS-95 and cdma2000. In the first step we recall the main characteristics of transmission in EVRC and identify the requirements for support of EVRC with SF=256 in UTRA FDD. Then we discuss the slot structure satisfying the identified requirements.
2. Characteristics of the EVRC transmission in cdma2000

The main characteristics of the support of EVRC are as follows :

1) EVRC is a multi-rate vocoder.

2) The highest rate of EVRC, the full rate, equals 8.55 kbit/s corresponding to 171 bits every 20 ms.

3) There are three other rates: half rate (4 kbit/s), 1/4 rate (2 kbit/s) and 1/8 rate (0.8 kbit/s).

4) The adaptation between the different rates is mostly speech content dependent, so the rate may change from one frame (20ms) to the next. The adaptation is not radio dependent as with the adaptive multi-rate (AMR) vocoder.

5) Higher layer signalling and other traffic (secondary traffic) can be time-multiplexed within the same 20 ms frame together with the speech information without loss of speech information. However such  higher layer signalling/secondary traffic is not transmitted when the full rate EVRC is used but only when lower rates are applied (1/2, 1/4 and 1/8) so that the total number of bits never exceeds that of a full rate frame. Usually an extra bit is added, (referred to as a mode bit), to indicate the presence of secondary traffic.

6) Channel coding for EVRC has traditionally been done with equal error protection.  As indicated in the OHG agreement, the preference is for a rate 1/3 FEC code.  Puncturing may be necessary to match the number of available bits per frame but as a general rule if the level of puncturing does not

7) exceed 20%, there should not be severe degradation in the performance of the FEC code.

8) When the speech rate + traffic and/or signalling is lower than the available channel bit rate then additional repetition is applied in order to improve the robustness and decrease the output power
3. Proposed high level requirements for the transmission for support of EVRC in UTRA/FDD 

When considering the support of EVRC in UTRA FDD we believe that the requirements to fulfil should be

1) Slot structure and the channel coding/multiplexing should be built in such a way that EVRC can be supported with SF=256.  This does not mean however that other methods of supporting EVRC could not be used (such as combining with other transport channels, using a lower spreading factor, etc.). The mapping between the Radio access bearer is indeed left to the RNC.

2) Considering SF=256, the high level transmission characteristics of EVRC for UTRA /FDD should be in line with the characteristics for cdma2000 as listed in section 2, or more generally the same characteristics should be allowed. Other characteristics might be allowed in addition, such as the use of unequal error protection. The only difference with respect to Section 2 is the transmission of higher layer signalling.   With the transcoder being located in the core network, it may not be possible to mix signalling with lower rate speech frames and we might have to rely solely on frame stealing. This area requires further study in relation to the blind rate detection.
4. Slot and frame structure for the support of EVRC in UTRA FDD

The most demanding case for the EVRC support is the transmission of the full rate.

Considering the code tail of 8 bits and a CRC length of 16 bits, the total number of bits per 20 ms equals 171+16+8 = 195 bits.  Assuming equal error protection with a rate 1/3 convolutional code, this gives 585 bits per 20ms interval or 293 coded bits per 10 ms interval.  At a spreading factor of 256, there are 300 bits per 10 ms frame to be divided between the DPDCH and

DPCCH fields.  With 2 bits per slot for TPC (or 30 bits per 10 ms frame), this leaves 270 bits for the DPDCH + pilot bits + TFCI bits. Some level of puncturing will therefore be required in the DPDCH rate matching scheme to fit the voice service in, the puncturing rate depending on the number of pilot bits and whether TFCI is used or not. In general, as long as the puncturing rate is below 20%, there will be no significant degradation in the FEC coding.  A puncturing rate of 20 % would allow 30 bits/ 10 ms  for the DPCCH apart from the TPC, which would lead to 2 additional bits per slot in the DPCCH.

Looking at Table 9 in 25.211 for the Downlink DPDCH and DPCCH fields, there are four possible options for combinations of TFCI, TPC and Pilot bits that might be contemplated  for SF=256 :

1.  N_tfci = 0, N_tpc = 2, N_pilot = 0

     =>  DPCCH = 30 bits/frame, DPDCH = 270 bits/frame

2.  N_tfci = 0, N_tpc = 2, N_pilot = 2

     =>  DPCCH = 60 bits/frame, DPDCH = 240 bits/frame

3.  N_tfci = 2, N_tpc = 2, N_pilot = 0

     =>  DPCCH = 60 bits/frame, DPDCH = 240 bits/frame

4.  N_tfci = 2, N_tpc = 2, N_pilot = 2

     =>  DPCCH = 90 bits/frame, DPDCH = 210 bits/frame

The last of these options is really not acceptable for an EVRC voice service as the puncturing rate is 1 - 210/293 * 0.28 or 28%.  Option 1 would be the most ideal if the objective  is to minimize the level of puncturing, however, if one wants to estimate the SIR for power control from the DPCCH, the estimate will not be that accurate with only one symbol (the TPC symbol).This leaves us with Options 2 and 3.

Reference [3] evaluates the impact of the limited number of symbols on the SIR (or Eb/No) estimation for downlink power control. [3] shows that there is a trade-off to be made between the gain that can be obtained by having more symbols to estimate the SIR versus the degradation in the FEC caused by higher levels of puncturing to accommodate the additional symbols.

There is probably not much to distinguish Options 2 and 3 in terms of performance, both corresponding to two DPCCH symbols.  If the SIR estimation is performed from the DPCCH only, rather than from the common pilot, it is to be expected that all of the available symbols (TPC plus TFCI or Pilot as the case may be) will be used.  If there were several pilot bits (not just one complex symbol) coherent combining can be used , however, with only one complex symbol, non-coherent combining will have to be used whether it is a TFCI or a pilot symbol.  So there is no advantage in terms of coherent combining whether the TFCI or Pilot symbol is present.   One may argue that it is in fact probably better to have the TFCI bits present since this will remove the errors associated with blind rate detection of the variable bit rate vocoder.

For channel state estimation, having only 2 bits or one complex symbol in the pilot is probably not going to be good enough and we would imagine that we will have to rely on the common pilot for all or part of the channel state estimation.  Thus again, there may be some reasons to choose the 2 TFCI bits rather than 2 pilot bits.
5. Conclusion

In the framework of the harmonisation there is a need to revisit the slot structure and in particular to agree on the minimum number of pilot bits per slot, whether it should be 0 or 2.

Looking at the particular example of SF=256, and considering the support of EVRC with equal error protection (code rate 1/3 with maximum puncturing of 20%), it appears that two slot structures might be able to satisfy the requirements (2 TFCI bits+0 pilot + 2 TPC bits, 0 TFCI+2 pilot bits +2TPC). A configuration with 2TFCI+2pilot bits would not be acceptable since the puncturing rate would be too great. The two acceptable configurations would provide a 2 symbol DPCCH to rely on to perform the measurement to support the power operation, not making mandatory the implementation of a power control algorithm relying either on the data bits or the common pilot. 

It is not clear at this stage which of these two configurations would bring best overall link performance considering the performance of the SIR estimation relying only on the DPCCH, the impact of puncturing and BRD (Blind Rate Detection) performance.

Overall, there is a need to look at the performance of the two configurations. However, it is not clear so far whether BRD is compatible with frame stealing for signalling, and the  dynamic rate adaptation of the vocoder. It might well be that a TFCI is needed to indicate the speech rate and the presence of signalling, making the configuration 2 TFCI bits+ 2TPC bits+ 0 pilot  the only viable option for support of EVRC.  There would be no pilot bit and the SIR estimation would rely on the 2 bits TPC + 2bits TFCI.  This would therefore lead to the introduction of a slot structure for SF=256 consisting of  16 bits for the DPDCH and 4 bits for the DPCCH with 2 bits TPC + 2bits TFCI + 0 bits Pilot.  Other slot structures would be possible for that same SF and other SF, but would not be expected to support EVRC ultimately. Our  recommendation is therefore to introduce such a slot structure in 25.211. 
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