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1 Abstract

In this paper, a rate matching signalling scheme for both uplink and downlink of UTRA/FDD is proposed. The proposal is in line with previous discussion [5]; the main difference being that one transport channel is used as reference in order to minimize the signalling.

Introduction

The description of rate matching in [1] is currently not complete since it does not explain how the amount of rate matching is calculated.  The transport formats has two parts – one dynamic part and one semi-static part. The attributes are given below [2].

Attributes of the dynamic part are: 

· Transport Block Size

· Transport Block Set Size 

· Transmission Time Interval (option for TDD only)

Attributes of the semi-static part are:

· Transmission Time Interval (mandatory for FDD, optional for the dynamic part of TDD NRT bearers)

· Error protection scheme to apply


-Type of error protection e.g. Turbo Code, Convolutionnal Code


-convolutional code ratio


-Resulting code ratio after static rate matching

· Size of CRC

Note: There is a slight discrepancy between 25.212 and 25.302, since 25.212 allows rate 1/2 coding also for turbo codes.

The rate-matching attribute is semi-static, which means that it is not updated on radio frame basis. In uplink, the rate matching consists of two parts – a dynamic part and a semi-static part. The semi-static part is what is signalled from higher layers, i.e. the rate matching attribute. The purpose of the semi-static rate matching is to make sure that the different transport channels (TrCHs) are balanced, i.e. can be transmitted with the same output power.

The dynamic part makes sure that the transmission always is continuous in the uplink, i.e. bits are repeated so that the radio frame is completely filled with data. The repeated bits are distributed proportional to the number of bits of each TrCH and the output power can therefore be lowered. However, in order to avoid that some bits first are punctured (as a results of the semi-static rate matching) and some other bits then repeated, the number of punctured bits should be subtracted from the number of repeated bits. The result of this subtraction is then used as input to the rate matching algorithm in section 4.2.6.3 of [1], which is executed once each radio frame. The dynamic part of the rate matching does not need to be signalled since the amount of repetition can be derived from a rule. This rule must of course be standardized and a text proposal is given in Section 6.

In downlink discontinuous transmission (DTX) is used when the sum of all bits on all TrCHs does not mach the physical channel rate. The use of DTX enables simple blind transport format detection, based on CRC. However, CRC is calculated after de-rate matching and unless several runs in the decoder should be required, the rate matching pattern should be constant during a call when blind transport format detection is used.

2 Rate matching in downlink

Rules for converting the rate-matching attribute to a number of bits have been proposed in [3],[4], and [5]. In [5], the number of bits to be repeated or punctured in each transport format of a TrCH ((Ni) was calculated from a semi-static rate-matching ratio. If a TrCH has variable bit rate, this imply that the rate matching pattern for transport formats (TFs) with less than the maximum number of bits is not identical with the first part of the rate matching pattern for the TF with maximum bit rate.

Consider the example in Figure 1. (Ni is calculated for Transport Format 1 (highest data rate) and then used as input to the rate-matching algorithm. The resulting rate matching pattern has punctured or repeated bits (indicated by arrows in the figure) spread as equidistantly as possible over the frame. If the data rate goes down, then part of the rate-matching pattern is obsolete and can be omitted. However, if a new (Ni is calculated and fed to the rate-matching algorithm, the resulting rate matching pattern is not necessarily identical to the first part of the original one. Consequently, blind transport format detection will become more complex.
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Figure 1: Rate matching in downlink

The rate-matching pattern should therefore be kept constant for the case with fix positions of the TrCHs in the radio frame.

The rate matching in downlink is calculated for the case when the bit rate of the CCTrCH has its maximum. However, when flexible positions are used, this does not necessarily mean that each TrCH uses its maximum bit rate. This is illustrated in Figure 2, where higher layers have put the restriction that two transport blocks from TrCH 1 can only be transmitted when the smaller transport block size is used on TrCH 2. Code resources can then be saved if the positions of the TrCHs in the radio frame are flexible. This was proposed in [7], and accepted by WG1. In Figure 2, both the case with flexible and fixed positions are illustrated. The number of bits on TrCH i and transport format combination j is denoted by Nij and the number of repeated or punctured bits by (Nij. For the case with flexible positions, both (N21 and (N22 need to be calculated and used for generating the rate-matching patterns for TrCH 2. With fix positions there will only be one (Nij for each TrCH since the rate-matching pattern should be kept constant.

Note that the radio frames can not be completely filled up with bits for all transport format combinations. If all radio frames should be completely filled, more delay is introduced. The interleaving matrix is derived at the beginning of the transmission time interval. Hence, at time 20 ms it would be necessary to know that layer 1 will receive a shorter transport block at TrCH 2 at time 30 ms. This was the reason for moving the rate matching to after interleaving in the uplink. In the downlink that was not possible since it would make blind transport format detection much more complex.

It is therefore proposed, as in [5], that the relative amount of rate matching is the same for all transport formats. This can be expressed as: 
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Figure 2: Transport format combination set with restrictions from higher layers.

In [5], it was also proposed that the rate matching attribute should be the number of bits after rate matching divided by the number of bits before rate matching. (Ni can then be easily calculated by multiplying the rate-matching attribute with the total number of bits in each frame. However, if a new TrCH should be added after a connection has been established, new rate matching attributes have to be signalled for all TrCHs. It is therefore proposed that one of the TrCHs is used as reference and hence only one rate matching attribute has to be signalled if a TrCH is added.

It should be avoided that the reference TrCH needs to be changed. It is therefore proposed that the TrCH that carries the dedicated control signalling be used as a reference, since this channel always needs to be established before others can be set up. Furthermore, it has to be maintained until all of the other TrCHs are released. If the reference TrCH for some reason anyway has to be released before the other channels, the definition of which TrCH that should be the new reference could be signalled explicitly (e.g. in the message for releasing the TrCH). Alternatively a predefined rule could point out what channel should be used (e.g. the TrCH established directly after the TrCH carrying dedicated control signalling). This is, however, a higher layer issue.

An extension of the rate matching signalling principle would be to adjust the offset values of all TrCHs dynamically by means of signalling (i.e. on a slow basis). This would for example be beneficial if optimum balancing is not achieved when the connection is established (due to for example varying channels). Using a reference channel is then useful since only the rate matching attributes of the TrCH that should be changed need to be signalled.

The following example illustrates how the offset values can be used when determining the rate matching.

Example

The following example is based on values from [6] (and consequently also based on the old chiprate). Consider the multiplexing of a LCD64 and UDD64 and use the UDD service as reference. The rate-matching attribute is denoted by R.

UDD TrCH: N1 = 2040 bits / frame, R1 = 1

LCD TrCH: N2 = 2232 bits / frame, R2 = 1.18

Higher layers have assigned a channelization code in the code tree and the spreading factor is therefore known.

SF = 16 (  Nch = 4608 bits (from 25.211)

Using the approach in [5]: 
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for all k = 1 .. n
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For this example the rule results in:
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It is easily verified that the relative amount of rate matching is correct:
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The rate matching example is illustrated in Figure 3.
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Figure 3: Rate matching example.
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 are then used as input to the rate matching algorithm in Section 4.2.6.3 of [1]. The resulting rate-matching pattern is then used during the entire call or until a rate matching attribute is added or changed through higher layer signalling. If a new TrCH is added, only a rate-matching attribute for the new TrCH need to be signalled. This is illustrated in the example below. The example is a continuation of the previous example but the rate matching attribute for the added transport channel has not been derived in simulations.

Example cont.

UDD TrCH: 

N1 = 2040 bits / frame, R1 = 1

LCD TrCH: 

N2 = 2232 bits / frame, R2 = 1.18

New TrCH:

N3 = 640 bits / frame, R3 = 1.25

Higher layers have assigned a channelization code in the code tree and the spreading factor is therefore known.

SF = 16 ( Nch = 4608 bits 

Using Equations (1)-(3) yields:
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As before, it is easily verified that the relative amount of rate matching is correct:
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The new rate matching is illustrated in Figure 4.
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Figure 4: Rate matching example continued.

Rate matching in uplink

In the uplink the same algorithm as in the downlink can be used. However, the algorithm always has to be executed every time the number of bits on a TrCH changes. This was also proposed in [5], but in this contribution we propose that a reference channel should be used. 

There is one important difference between uplink and downlink. In the downlink the spreading factor is implicitly signalled since a channelization code is assigned to the UE. However, in the uplink the code assignment can be done implicitly by some rule and the spreading factor is therefore not uniquely given. In order to know how much puncturing is allowed, one additional parameter need to be signalled at connection setup. This parameter determines the maximum amount of puncturing that can be applied in order to avoid multicode or the use of a lower spreading factor. It is expected that this parameter only need limited granularity but it is up to higher layers to specify the details. If this parameter for example is set to 20% it means that that if the total bit rate of all multiplexed TrCHs exceed a physical channel rate by less than 20% then puncturing is used. In all other cases repetition to the nearest higher physical channel rate is used. 

Consider the same example as before: 

UDD TrCH: 

N1 = 2040 bits / frame, R1 = 1

LCD TrCH: 

N2 = 2232 bits / frame, R2 = 1.18

New TrCH:

N3 = 640 bits / frame, R3 = 1.25

Now there is no spreading factor assigned, so it has to be calculated.

Number of bits after balancing: (N1R1 + N2R2 + N3R3( = 5474

Closest lower rate is Nch = 5120 bits, which requires a total of 7% puncturing. 

Using Equations (1)-(3) yields:
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The signalled puncturing limit should take the balancing into account, otherwise one TrCH may for example exceed 20% puncturing even if the sum of the balanced TrCHs is punctured less than this.  This means that if the rate-matching attribute is less than one, this need to be taken into account when setting the puncturing limit. This can be illustrated by slightly modifying the previous example:

LCD TrCH: 

N1 = 2232 bits / frame, R1 = 1

UDD TrCH: 

N2 = 2040 bits / frame, R2 = 0.85  (1 / 1.18)

New TrCH:

N3 = 1280 bits / frame, R3 = 1.06  (1.25 / 1.18)

Number of bits after balancing: (N1R1 + N2R2 + N3R3( = 5323

The rate-matching attribute for the UDD TrCH already contains 15% puncturing. Assuming that 20% puncturing is acceptable, then the signalled maximum puncturing ratio is 20% - 15% = 5%. Closest lower rate is Nch = 5120 bits and requires a total of 4% puncturing, which is acceptable since it is less than 5%.

Using Equations (1)-(3) yields:
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Note that if a TrCH is uncoded no puncturing will be allowed.

3 Summary

In this paper, a rate matching signalling scheme for both uplink and downlink has been proposed. The proposal is in line with previous discussion [5], the only difference being that one transport channel is used as reference in order to minimize the signalling. The scheme can be summarized as follows:

Downlink

1. Semi-static rate matching attributes are signalled for each TrCH at connection setup.

2. At connection setup, Equations (1)-(3) are used to calculate the number of bits to repeat or puncture on each transport channel. The relative amount of rate matching on one TrCH is then the same for all different transport formats.

3. The number of bits to repeat or puncture is used as input to the rate-matching algorithm and the rate-matching pattern is at most calculated every transmission time interval.

Uplink

4. Semi-static rate matching attributes are signalled for each TrCH at connection setup.

5. Equations (1)-(3) are used to calculated the number of bits to repeat or puncture on each transport channel. The rule is executed on radio frame basis.

6. The number of bits to repeat or puncture is used as input to the rate-matching algorithm and the rate-matching pattern is calculated every radio frame.

4 Text proposal for TS 25.212

4.2.6 Rate matching

Rate matching means that bits on a transport channel are repeated or punctured. Higher layers assign a rate-matching attribute for each transport channel. This attribute is semi-static and can only be changed through higher layer signalling. The rate-matching attribute is used when the number of bits to repeat or puncture is calculated. 

The number of bits on a transport channel can vary between different transmission time intervals. In the downlink the transmission is interrupted if the number of bits is lowered. When the number of bits between different transmission time intervals in uplink is changed, bits are repeated to ensure that the total bit rate after second multiplexing is identical to the total channel bit rate of the allocated dedicated physical channels. The repeated bits are distributed among all transport channels proportional to the number of bits on each channel.


· 
· 
· 
· 
Notation used in Section 4.2.6 and subsections:

Nij:
Number of bits in a radio frame (uplink) or in a transmission time interval (downlink) before rate matching on transport channel i with transport format combination j.

(Nij:
If positive - number of bits that should be repeated in each radio frame (uplink) or transmission time interval (downlink) on transport channel i with transport format  combination j.

If negative - number of bits that should be punctured in each radio frame (uplink) or transmission time interval (downlink) on transport channel i with transport format combination j.
Ri:

Semi-static rate matching attribute for transport channel i. Signalled from higher layers.

Nch:
Total number of bits that are available in a radio frame (uplink) or transmission time interval (downlink).
T:

Number of transport channels in the CCTrCH.

Zk:

Intermediate calculation variable.

F:

Number of radio frames corresponding to the transmission time interval.

k:

Radio frame number in the transmission time interval (0 ( k < F).
q:

Average puncturing distance.
IF(k):
The inverse interleaving function of the 1st interleaver (note that the inverse interleaving function is identical to the interleaving function itself for the 1st interleaver). 
S(k):
The shift of the puncturing pattern for radio frame k.
4.2.6.1 


The rate attribute is signalled as an offset to a reference transport channel. The reference transport channel has rate matching attribute R=1.

The following relations are used when calculating the rate matching pattern:
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for all k = 1 .. T, where ( ( means round downwards
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For downlink Nch is given since higher layers assign the channelization code(s) to use. In uplink puncturing can be used to avoid multicode or a low spreading factor. The maximum amount of puncturing that can be applied to the transport format combination with highest bitrate is signalled at connection setup from higher layers and denoted by P. The number of available bits in the radio frames for all possible spreading factors is given in [2]. Denote these values by N256, N128, N64, N32, N16, N8, and N4, where the index refers to the spreading factor. The possible values of Nch then are { N256, N128, N64, N32, N16, N8, N4, 2N4, 3N4, 4N4, 5N4, 6N4}. For the transport format combination with highest rate, Nch,max is chosen so that the expression
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is minimized but still positive or zero. For each radio frame Nch,temp is chosen so that 
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is minimized but still positive or zero. Nch is then min{Nch,max , Nch,temp}.
4.2.6.2 
4.2.6.1
Determination of rate matching pattern in uplink
In uplink, the number of bits to repeat or puncture, (Nij, within one radio frame for each transport channel is calculated every radio frame with the relations given in Section 4.2.6. (Nij is then used as input when calculating the rate-matching pattern with the algorithm in Section 4.2.6.3, which is executed each radio frame.
The following parameters are also needed:







q:= (Nij /(((Nij()( , where ( ( means round downwards and ((means absolute value. 
 
if q is even  
 
then q' = q – gcd(q, F)/F  -- where gcd (q, F) means greatest common divisor of q and F 
else

q' = q

endif


for i = 0 to F-1
 
S(IF ((i*q'( mod F)) = ((i*q'( div F) -- where ( (  means round upwards.

end for

4.2.6.2
 Determination of rate matching pattern in downlink
In downlink, the number of bits to repeat or puncture, (Nij, within one transmission time interval for each transport channel is calculated for the transport format combination with highest bitrate with the relations given in Section 4.2.6. 
If fix positions of the transport channels in the radio frame are used then the same (Nij is used for all transport formats and the last part of the rate-matching pattern omitted.
Denote the number of bits to repeat or puncture on transport channel i for the highest bit rate of the transport format combinations by (NiL and the number of bits on the channel by NiL. When flexible positions of the transport channels are used, the number of bits to repeat or puncture for all other transport formats (i.e. all but the transport format included in the transport format combination with highest bitrate), the number of bits to repeat or puncture is calculated as:
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The following parameter is also needed when calculating the rate-matching pattern:





S=0.

4.2.6.3
Rate matching algorithm



Denote the bits before rate matching by: 
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The rate matching rule is as follows:

if puncturing is to be performed 
y = -(Nij
e = (2*S(k) * y +  Nij) mod 2Nij 
-- initial error between current and desired puncturing ratio 

m = 1


-- index of current bit

do while m <= Nij 

e = e – 2 * y


-- update error
if e <= 0 then


-- check if bit number m should be punctured

puncture bit cm
e = e + 2*Nij

-- update error

end if
m = m + 1



--  next bit

end do
else

y = (Nij
e = (2*S(k) * y +  Nij) mod 2Nij 
-- initial error between current and desired puncturing ratio

m = 1



-- index of current bit

do while m <= Nij 

e = e – 2 * y


-- update error

do while e <= 0 

-- check if bit number m should be repeated

repeat bit cm 
e = e +  2*Nij
-- update error

enddo
m = m + 1



--  next bit

end do

end if

A repeated bit is placed directly after the original one.
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