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1. Abstract

This text proposal covers some of the issues raised by Ericsson on the email reflector. It is believed that the text proposal does not introduce anything new but simply updates TS 25.212 so that it is in line with current assumptions of Ad Hoc 4. In order to give a short background for the proposed changes there are comments labelled <Ericsson’s note:>. These should of course not be incorporated into TS 25.212 if the proposal is approved.

--- SNIP ---

3.3
Abbreviations

For the purposes of the present document, the following abbreviations apply:

<ACRONYM>
<Explanation>

ARQ
Automatic Repeat Request
BCH
Broadcast Channel
BER
Bit Error Rate
BLER
Block Error Rate
BS
Base Station
CCPCH
Common Control Physical Channel
CCTrCH
Coded Composite Transport Channel
DCH
Dedicated Channel
DL
Downlink (Forward link)
DPCH
Dedicated Physical Channel
DPCCH
Dedicated Physical Control Channel
DPDCH
Dedicated Physical Data Channel
DS-CDMA
Direct-Sequence Code Division Multiple Access
DSCH
Downlink Shared Channel
FACH
Forward Access Channel
FDD
Frequency Division Duplex
FER
Frame Error Rate
Mcps
Mega Chip Per Second
MS
Mobile Station
<Ericsson’s note: ODMA and the other terms removed are not used in this document>

OVSF
Orthogonal Variable Spreading Factor (codes)
PCH
Paging Channel
 PRACH
Physical Random Access Channel
 RACH
Random Access Channel
RX
Receive
SCH
Synchronisation Channel
SF
Spreading Factor
SIR
Signal-to-Interference Ratio

TFCI
Transport Format Combination Indicator


TPC


Transmit Power Control
TX



Transmit
UL



Uplink (Reverse link)
 
4

Multiplexing, channel coding and interleaving
4.1
General

Data stream from/to MAC and higher layers (Transport block / Transport block set) is encoded/decoded to offer transport services over the radio transmission link. Channel coding scheme is a combination of error detection, error correcting, rate matching, interleaving and transport channels mapping onto/splitting from physical channels.
4.2
Transport-channel coding/multiplexing
<Ericsson’s note: From the current use of transmission time interval it is not always clear if it is an interval or instant. It is therefore proposed that the term transmission time instant is introduced. Further, it is proposed that the timing clarification given by Mitsubishi Electric in (99)350 is incorporated since it is our understanding that this is the current timing assumption.>
Data arrives to the coding/multiplexing unit in form of transport block sets at the transmission time instant. There is one transmission time instantevery transmission time interval. The transmission time interval is transport-channel specific from the set {10 ms, 20 ms, 40 ms, 80 ms}. For any transport channel C, the transmission time instant occurs in the radio frame with number:

n = k*TTTI modulo 72, where 

· TTTI  is the transmission time interval of transport channel C, expressed in radio frames ({1, 2, 4, 8 }), and
· k is an integer

<Ericsson’s note: The following paragraph is obsolete. What it describes is explained in later sections.>


The following coding/multiplexing steps can be identified:

· Add CRC to each transport block (see Section 4.2.1)

· 
· Channel coding (see Section 4.2.2)
· Rate matching (see Section 4.2.4)
· Insertion of discontinuous transmission (DTX) indication bits (see Section 4.2.5)
· Interleaving (two steps, see Section 4.2.3 and 4.2.8)
<Ericsson’s note: Ad Hoc 4 has agreed to include a radio frame segmentation block.>
· Radio frame segmentation 

· Multiplexing of transport channels (two steps, see Section 4.2.6)
· Physical channel segmentation (see Section 4.2.7)
· Mapping to physical channels (see Section 4.2.9)
The coding/multiplexing steps for uplink and downlink are shown in Figure and Figure respectively.
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Figure4-1. Transport channel multiplexing structure for uplink.
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Figure4-2. Transport channel multiplexing structure for downlink.
<Editor’s note: Code multiplexing is not used in uplink as a working assumption in WG1..>
Primarily, transport channels are multiplexed as described above, i.e. into one data stream mapped on one or several physical channels. However, an alternative way of multiplexing services is to use code multiplexing, which corresponds to having several parallel multiplexing chains as in Figure, resulting in several data stream, each mapped to one or several physical channels. This code multiplexing is used only for downlink DSCHs. For the other transport channels including downlink DCHs, the code multiplexing shall not be used.

4.2.1
CRC calculation

Cyclic Redundancy Check is applied as an error detection scheme of transport blocks. A 16-bit CRC code is applied to each transport block of all transport channels. The entire transport block is used to calculate the CRC for each transport block. Generator Polynomial is as follows:

 GCRC16(X)= X16+X12+X5+1

The initial value of the CRC arithmetic calculator shall be “all 0”. Output to the convolutional coder or Turbo coder shall be done from the most significant bit . 

4.2.2
Channel coding

<Ericsson’Transport-channel specific coding may be unclear since it is possible to have several transport channels multiplexed before coding>

The following channel coding schemes can be applied to transport channels.
· Convolutional coding

· Turbo coding

· Service-specific coding, e.g. unequal error protection for some types of speech codecs.

<Ericsson’s note: The figure below does not seem to provide any information that is not given in the text.>



Turbo coding should be used for data rate above 32 kbps. Data rates equal to or less than 32 kbps are for further study.

<Editor’s note: According to the discussion in WG1#2,Table 4-1 taken from ARIB document has been preserved for the time being with some modifications so as to align with the WG1 decisions.>
Table 4-1. Error Correction Coding Parameters
Transport channel type


Coding scheme


Coding rate

BCH
Convolutional code
1/2

PCH



FACH



RACH



DCH (equal or less than 32 kbps)

1/3　(1/2 in compressed mode using Method A*)

DCH (above 32 kbps)
Turbo code


* See 4.4.2.1
<Editor’s note: Combined or segmented mode with Turbo coding is F.F.S.>
4.2.2.1
Convolutional coding
· Constraint length K=9. Coding rate 1/3 and ½.

· The configuration of the convolutional coder is presented in Figure 4-4. 

· The output from the convolutional coder shall be done in the order starting from output0, output1 and output2.  (When coding rate is 1/2, output is done up to output 1).
· K-1 tail bits (value 0) shall be added to the end of the coding block.
· The initial value of the shift register of the coder shall be “all 0”.
--- SNIP ---

4.2.2.2.1
Trellis termination for Turbo coding
<Ericsson’s note: The method should be described. No reference to conventional should be needed.>
Trellis termination is performed by taking  the tail bits  from the shift register feedback after all information bits are encoded. Tail bits are added after the encoding of information bits.
Trellis termination for PCCC

--- SNIP ---

4.2.3
1st interleaving

<Editor’s note: The interleaver selection in under study in WG1, one of the candidates is described below. This is not yet working assumption in WG1, Decision is expected to be made in WG1 meeting No.5 June –99 according to the work plan...>
<Ericsson’s note: Several TrCHs can have been multiplexed in the 1st multiplexing step.>
 The span of the 1st interleaving is the same as the transmission time interval of the transport channel. 

The channel interleaver has the interleaving pattern obtained by using Multi-stage Interleaving Method (MIL).  The channel MIL consists of two-step interleaving process; 1st MIL and 2nd MIL. In the transmitter side, the 1st MIL is processed in advance of the 2nd MIL as shown in Figure and Figure. 

4.2.3.1
1st MIL
--- SNIP ---

4.2.6
2nd Multiplexing
<Editor’s note: This section needs to be updated since it does not take into account that transport channels may have been multiplexed before coding.>
The coded transport channels are serially multiplexed within one radio frame. The output after the multiplexer (before physical channel segmentation) will thus be according to Figure.
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Figure4-9.   Transport channel multiplexing.

4.2.7
Physical channel segmentation

--- SNIP ---

4.2.9
Physical channel mapping
4.2.9.1Uplink
<Ericsson’s note: Physical channel segmentation has already taken place and the output of the 2nd interleaver is therefore mapped on one DPDCH.>
On the uplink, transport data after 2nd interleaving is mapped onto one DPDCH. Continuous transmission is applied for uplink DPDCH at all times. 
4.2.9.2
Downlink
On the downlink, transport data after 2nd interleaving is mapped onto data fields in one DPDCH, which is defined in S1.11. If the total bit rate after transport channel multiplexing is not identical to the total channel bit rate of the allocated dedicated physical channels, discontinuous transmission is used.
· If transport data is less than the number of DPDCH bits in a radio frame, the DPDCH transmission can be turn off for data absent. 

· The transmission of the DPDCH symbols shall be ON, only if there is data to transmit. If there is no data, the transmission shall be OFF. 

<Ericsson’s note: See comments in section 4.2.12>

· For transport channels not relying on TFCI for transport format detection (blind transport format detection), the positions of the transport channels within the frame should be fixed. 
· For transport channels relying on TFCI for transport format detection, the UTRAN decides whether the positions of the transport channels should be fixed or flexible.

· Pilot and TPC symbols are always transmitted regardless of the data existence.
<Editor’s note: Following bullet is unclear.>
· The information to notify whether voice and/or control information exist or not shall not be transmitted.
4.2.10
DSCH transmission when associated with DCH
--- SNIP ---

4.2.12

Transport Format detection

<Ericsson’s note: Not only the rate is detected. If the rate is changed, the 1st interleaving in the uplink will for example also be changed. Further, explicit rate detection is not a very suitable name since it could be interpreted as blind rate detection is implicit.>
 Transport format detection can be performed both with and without Tansport Format Combination Indicator (TFCI).  If a TFCI is transmitted, the receiver detects the transport format combination from the TFCI. When no TFCI is transmitted, so called blind transport format detection is used, i.e. the receiver side detects the transport format combination using some information, e.g. received power ratio of DPDCH to DPCCH, CRC check results.

For uplink, the blind transport format detection is an operator option. For downlink, the blind transport format detection can be applied with convolutional coding, the maximum number of different transport formats and maximum data rates allowed shall be specified.

4.2.12.1
Blind Transport Format Detection
Two kinds of blind transport format detection are employed. Examples of these methods are given in Annex A.

4.2.12.2
Transport Format Detection based on TFCI
4.2.12.2.1
Transport Format Combination Indicator 
--- SNIP ---

Annex A (informative):
Blind transport fromat detection

A.1
Blind Transport Format Detection using Received Power Ratio

· This method is used for dual transport format case (the possible data rates, 0 and full rate, and only transmitting CRC for full rate).
· The rate detection is done using average received power ratio of DPDCH to DPCCH. 

Pc: Received Power per bit of DPCCH calculated from all pilot and TPC bits per slot over 10ms frame. 

Pd: Received Power per bit of DPDCH calculated from X bits per slot over 10ms frame.

X: the number of DPDCH bits per slot when transport format corresponds to full rate.

T: Threshold of average received power ratio of DPDCH to DPCCH for rate detection.

If Pd/Pc >T then  

   “TX_ON”
else

   “TX_OFF”
A.2
Blind Transport Format Detection using CRC
· This method is used for multiple transport format case (the possible data rates: 0, …, (full rate)/r, …, full rate, and always transmitting CRC for all transport formats).
· At the transmitter, the variable-rate DCH data to be transmitted is block-encoded using a cyclic redundancy check (CRC) and then convolutionally encoded.  It is necessary that the CRC parity bits are mapped on the head position (or certain position) in a frame as shown in Figure A-1.

· The receiver knows only the possible transport formats (or the possible end bit position {nend} by Layer-3 negotiation (See Figure A-1).  The receiver performs Viterbi-decoding  on the soft decision sample sequence.  The correct trellis path of the Viterbi-decoder  ends at the zero state at the correct end bit position.  
· Blind rate detection method by using CRC traces back the surviving trellis path ending at the zero state (hypothetical trellis path) at each possible end bit position to recover the data sequence.  Each recovered data sequence is then error-detected by CRC and if there is no error, the recovered sequence is declared to be correct.  
· The following variable is defined:

s(nend) = - 10 log ( (a0(nend) – amin(nend) ) / (amax(nend)-amin(nend) ) ) [dB]
(Eq. 1)

where amax(nend) and amin(nend) are, respectively, the maximum and minimum path-metric valuse among all survivors at end bit position nend, and a0(nend) is the path-metric value at zero state.
· In order to reduce the probability of false detection (this happens if the selected path is wrong but the CRC misses the error detection), a path selection threshold D is introduced.   D determines whether the hypothetical trellis path connected to the zero state should be traced back or not at each end bit position nend.  If the hypothetical trellis path connected to the zero state that satisfies 

s(nend) =< D
(Eq. 2)

is found, the path is traced back to recover the frame data, where D is the path selection threshold and a design parameter.
· If more than one end bit positions satisfying Eq. 2 are found, the end bit position which has minimum value of s(nend) is declared to be correct.  
· If no path satisfying Eq. 2 is found even after all possible end bit positions have been exhausted, the received frame data is declared to be in error.

Figure A-2 shows the procedure of blind transport format detection using CRC.



         Possible end bit positions {nend}


CRC
Coded variable-rate DCH data
Empty

Figure A-1. An example of variable rate data format

(Number of possible transport formats = 4, transmitted end bit position nend = 2)
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Figure A-2.Basic processing flow of blind transport format detection 

--- SNIP ---
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