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Description

[0001] The invention relates to a method and a telecommunication device for selecting a number of
code channels and an associated spreading factor for a CDMA transmission between a sending and a

receiving device.

[0002] The invention lies on the field of mobile telecommunications. More specifically, the

determination of parameters for a CDMA (code division multiple access) transmission is targeted.

[0003] Wireless transmission relies on a transmission medium with resource limitations. The available
bandwidth has to be allocated in an efficient way to allow for many-user transmission services. More
conventional ways for resource allocation are based on the division by frequency (FDMA: frequency
division multiple access) or division by time (TDMA: time division multiple access). GSM (Global
System for Mobile communications) avails of these technologies. A novel approach is provided by
CDMA (Code Division Multiple Access). Instead of dividing the allowed frequency range into a few
hundred narrow channels, CDMA usually allows each station to transmit over the entire frequency
spectrum all the time. Multiple simultaneous transmissions are separated using coding theory. In
CDMA, each bit time is subdivided into short intervals called chips. Each station is assigned a unique
code called chip sequence. To transmit a 1 bit, a station sends its chip sequence. To transmit a 0 bit, it
sends the one's complement of its chip sequence. All chip sequences are pairwise orthogonal, so that the
signal of a given sender can be extracted via the inner product of the received signal with the sending

station's chip sequence. Thus, each station can use the full spectrum.

[0004] CDMA requires selecting transmission parameters (spreading factor) and used physical
resources (number of time multiplexed parallel code channels) in a CDMA telecommunication device.
After rate matching the coded information bits are mapped to the available physical resources in such
way that PAPR (Peck-to-Average Power Ratio) is kept low by limiting the number of parallel code
channels (avoiding of multi-code). In addition, the degradation by the influence of inter symbol
interference is kept low by avoiding the usage of the lowest spreading factor unless a critical puncturing
ratio is exceeded for higher spreading factors. Thereby, the spreading factor usually id defined as the
ration between chip rate and data rate, or, equivalently, as the ratio of the information bit duration over

the chip duration.

[0005] In communication systems physical resources and transmission parameters are often determined
depending on the number of information bits after coding and the available physical resources which

can depend on the capability of the telecommunication device. One example of such a transmission
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system is the so called E-DCH (Enhanced Dedicated Channel) scheme which is an enhancement of

UMTS (Universal Mobile Telecommunication System).

[0006] The outlines of the E-DCH standard can be found in the 3GPP RAN Specifications and the
scheme for selecting the physical layer resources is described in the Specification TS 25.212 V6.6.0 in
Chapter 4.8.4.1 "Determination of SF and number of PhCHs needed". This specification explicitly sets
out how to determine or select a number of code channels and an associated spreading factor for a
CDMA transmission from those supported by the hardware. Selection criteria are the necessary amount
of puncturing and the number of code channels. Puncturing, a procedure used to combine the power-
control bits and the binary voice symbols on traffic channels, means to discard voice symbols in favour
of inserted power-control bits. Obviously, too much puncturing will lead to a degradation of the voice
signal. As a rule, puncturing increases with the spreading factor. In determining a number of code
channels and an associated spreading factor one principally proceed as follows. There are limits to the
maximum amount of puncturing. These limits will define an allowable puncturing range corresponding
to numbers of code channels and associated spreading factors. This range may also be limited in view
of necessary repetitions of information bits. As a further criterion one uses the number of code
channels, which should be as low as possible. Last, among those pairs of code channel and associated
spreading factor left (which will only differ with respect to the spreading factor) one chooses the pair

with the smallest spreading factor so as to decrease the amount of puncturing as much as possible.

[0007] The invention aims to present an improved selection of a number of code channels and an

associated spreading factor for a CDMA transmission.

[0008] The invention relies on the observation that there are disadvantages in selecting spreading
factors at the low end. The selection of small spreading factors, such as 2xSF2 (two code channels with
spreading factor two), lead to an increased number of bits and hence to a higher processing load in the
receiver. In addition, the symbol interference increases. For small spreading factors these caveats
outweigh the benefit of a lower puncturing. The additional processing load is particularly pronounced
for low spreading factors. For instance, a selection of 2xSF2 instead of 4xSF2 (the next higher
spreading factor) essentially doubles the load. On the contrary, for higher spreading factors the effect
decreases and the amount of puncturing is the major concern. Accordingly, the invention suggests
proceeding in the following way to select a number of code channels and an associated spreading factor

for a CDMA transmission between a sending and a receiving device.

[0009] A set of permissible pairs of the parameters number of code channels and associated spreading
factor is determined according to at least one first selection criterion. Such a first selection may be

given by a limitation of the sending or the receiving device (e.g. hardware limitation), a rate matching
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criterion (e.g. the rate matching ratio) or a limit for the amount of puncturing necessary to keep the

degradation induced by puncturing within bounds.

[0010] Among the permissible parameter pairs for the CDMA transmission a parameter pair according
to at least one second selection criterion is selected. For this selection the spreading factor is used as a
second selection criterion. In this selection, a higher spreading factor or spreading factor value is
preferred over a lower value if both spreading factors are below or equal to a threshold spreading factor
value. The threshold spreading factor can be determined or chosen by accounting for the trade-off
between the effect of higher processing load and more symbol interference on the one hand and more

puncturing on the other hand. A possible threshold value is a spreading factor of four.

[0011] According to an embodiment of the invention, a lower value of the spreading factor is preferred
over a higher value if both spreading factors are above or equal to the threshold spreading factor value.
That a balance between the above influencing factors is achieved leading to an optimal selection of

parameters.

[0012] The above selection criteria according to the invention may be combined with the number of
code channels as an additional criterion. So, the number of code channels may be used as a second
selection criterion with a lower value being preferred over a higher value or with a value of one being
preferred over a higher value. In view of the importance to reduce the number of channels this number
may be used as a primary selection criterion with respect to the spreading factor value, i.e. the spreading

factor value is used only after selecting according to the number of channels.

[0013] The invention also comprises a telecommunication device (e.g. a base station or a mobile
terminal) with means for performing the selection of a number of code channels and an associated
spreading factor according to the invention. These means may comprise hardware, software and

firmware means. The telecommunication device may be a transmission or a reception device.

[0014] Below embodiments of the present invention are provided.

[0015] The outlines of the E-DCH standard can be found in the 3GPP RAN Specifications and the
scheme for selecting the physical layer resources is described in the Specification TS 25.212 V6.6.0 in
Chapter 4.8.4.1 "Determination of SF and number of PhCHs needed”. This chapter is cited here:

Start of Citation
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4.8.4.1 Determination of SF and number of PhCHs needed
[0016] The maximum amount of puncturing that can be applied is

o 1-PL,ymax if the number of code channels is less than the maximum allowed by the UE
capability and restrictions imposed by UTRAN.
e 1-PL,,, if the number of code channels equals to the maximum allowed by the UE capability

and restrictions imposed by UTRAN.

[0017] The number of available bits per TTI of one E-DPDCH for all possible spreading factors is
denoted by Nass, Nizs, Noy N3z, Nis, Ns, Ny and N,, where the index refers to the spreading factor.

[0018] The possible number of bits available to the CCTrCH of E-DCH type on all PhCHs, N, 4., then
are {Nass, Ni2s, Nsw, N3z, Nig, N3, Nay 2X Ny, 2X Ny, 2XNot2X Ny},

[0019] SETO denotes the set of N, 4+, values allowed by the UTRAN and supported by the UE, as part
of the UE's capability. SETO can be a subset of {N,ss, Ny2s, Noo, N3a, Nig, Ng, Ny, 2XNy, 2XNs,
2XNYH2X N,

[0020] The total number of bits in a TTI before rate matching with transport format j is N, ;. The total
number of bits available for the E-DCH transmission per TTI with transport format j, N, gar. . 1S
determined by executing the following algorithm, where PL,,,, . is signalled from higher layers

and PL,,, is equal to 0.44 for all E-DCH UE categories defined in [15] except the highest E-DCH UE
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category, for which PL,,,.is equal to 0.33:
SET1 = { Ne,dsta in SETD such that N.,dsta — Ne, 5 is non

negative }

If SET]1 is net empty and the smallest element of SETI1

requires just one E-DPDCE then
Ng‘da“ayi = min SET1

Else
SET2 = { N, 4ata in SETO such that N, 4o, — PlLpon-max % Nej 15 non negative }

If SET2 is not empty then
Sort SET2 in ascending order
Ngk‘fa[a = Imn SETZ

‘While N, gaa — Ne is negative and N qaz. 15 not the max of SET2 and the follower
of N, gar Tequires na additional E-DPDCH do

Nedua= follower of N, go, in SET2.
End while
Ne gotay = Ne.data
Else
Ne,gara; = max SETO provided that N, e - PLinax * Nej is non negative

Endif

End if

[0021] While E-DCH TTI length is 10 ms, if an initial transmission occurs in a compressed frame, a

5  retransmission occurs in a compressed frame or a retransmission occurs in a non-compressed frame and
the initial transmission was compressed, the number of available bits per TTI of one E-DPDCH for all
possible spreading factors denoted by Nass, Nizs, Ny, N3z, Nis, N Nyand N, used in the algorithm above
is replaced bykxN,s4s, kXNjs, kXNgy kXNsj, kXNjs kXNg, kXN, and kxN,. The parameter & is equal to
n4x//15 and n,, is defined in 4.4.5.1.

10  End of Citation

[0022] This scheme is designed to determine the number of code channels and their spreading factors
depending on the number of coded information bits and the capabilities of the transmitting
telecommunication device. Also by determining the spreading factor(s) and the number of code
channels the rate matching ratio is fixed. The rate matching ratio determines the amount of bits that are
15  repeated or punctured (i.e. removed) from the stream of information bits after encoding to ensure that

they fit onto the code channel(s).

[0023] Within this scheme to make sure that the number of parallel code channels is kept low but a
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specific amount of puncturing is not exceeded two puncturing limits called 1-PL._non_max and 1-
PL_max are used. 1-PL_non_max is used if the number of code channels is less than the maximum
allowed by the UE capability and restrictions imposed by the receiving telecommunication device. 1-
PL_max is used if the number of code channels equals to the maximum allowed by the UE capability
and restrictions imposed by the network. 1-PL_non_max can be set and signaled by the receiving
telecommunication device and 1-PL_max is (.56 for all E-DCH UE categories which can be found in
the 3GPP Specification TS 25.306 except the highest E-DCH UE category for which 1-PL._max is 0.67.

Other specific parameter choices of this and other parameters are possible.

[0024] The number of available data bits per transmission unit (e.g. TTIL, Transmission Time Interval)
of one E-DCH code channel (E-DPDCH) for all possible spreading factors is denoted by N256, N128,
N64, N32, N16, N8, N4 and N2, where the index refers to the spreading factor. The set of possible
number of data bits available to the complete transmission which can apply multiple code channels,

Ne,data, then is {N256, N128, N64, N32, N16, N8, N4, 2xN4, 2xN2, 2xN2+2xN4}.

[0025] SETO denotes the set of Ne,data values allowed by the receiving telecommunication device (e.g.
NodeB) and supported by the transmitting telecommunication device (e.g. UE), as part of the
transmitting telecommunication device capability. SETO can be a subset of {N256, N128, N64, N32,
N16, N8, N4, 2xN4, 2xN2, 2xN2+2xN4}. The total number of bits per transmission unit after channel
coding and before rate matching is Ne,j. Ne,data,j is the total number of bits available for the E-DCH

transmission per transmission unit.

[0026] To select the transmission parameters and physical resources under the constraints described

above the following rule can be utilized:

SET1 = { Ne,data in 8ETO such that Ne,data - Ne,j is non negative } )
If 3ET1 not empty and SETL1 smallest element needs just one E-DPDCH then
.Ne,data,j = mir; SETL
E;?a
SET2 = { Ne,data in SET0 such that Ne,data - ®L non_max x Ne,j non negative )}
{f SETé is not empty than

Sort SETZ in ascending order

Ne,data =« min SET2
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While Ne,data - Ne,j is negétive and Ne,dcta not max of SETZ and follower

of Ne,data requizes no additional E-DPCCH do
Ne,data = follower of Ne,data in SET2
End while
Ne,data,j = Ne,data
Else
Ne,data,j = max SETO prowvided that Ne,data,i = PL_max % Ne,] non negative
End if

End if

[0027] However it is a in the current practice that if 2xSF2 usage is allowed in SETO the transmitting
telecommunication device does not select 2xSF4 if using that would require any puncturing. Instead
2xSF2 is selected even with repetition. If 1-PL_non_max is greater or equal than 0.5 then 2xSF4 is
never used and the selection of physical resources is done discontinuously. Note that SFy denotes the
spreading factor y e.g. SF4 denotes spreading factor 4, 2xSF4 means usage of two code channels (or
shortly expressed as codes) with spreading factor 4 each, 2xSF2 means usage of two codes with
spreading factor 2 each, 2xSF2 + 2xSF4 means usage of two codes with spreading factor 2 each plus
two codes with spreading factor 4 each. This corresponds to the numbers N4, 2xN4, 2xN2, 2xN2+2xN4

respectively.

[0028] Hence an improved selection for the transmission parameters and physical resources is

proposed.

[0029] In addition the usage of SF2 should be avoided. Currently, SF2 is not particularly avoided in the
combination 2xSF2 and does not prioritize 2xSF4 instead. The current practice involves some
limitations of using two spreading factors at the same time. This is also called "multicode" because
multiple spreading sequences, sometimes called multiple codes are used. The more codes are used the
higher the so called peak to average ratio becomes. This means, that the peak power of the transmitter
must become higher at the same average power. This is caused by the fact, that multiple codes can ad
up constructively or destructively, causing a higher variation than less codes. Therefore, from the point
of view of he prior art there is no difference between 2xSF2 and 2xSF4 because two spreading factors
are used in both cases. Obviously a transmitter that is able to transmit at higher peak power is more

complex and consequently more difficult to realize.
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[0030] However, in fact there are differences that should be taken into account: With 2xSF2 twice as
much bit Ne,data,j are carried than with 2xSF4, so the processing load in the receiver (at least for some
part of the processing) is doubled. While this is true for every step in the succession of selectable N
(selected number of code channels and their SF), except the last, in the considered case Ne,data,j is
already quite large (2xSF2 is the second largest allocation, 2xSF2 + 2xSF4 is only 50% larger).
Therefore the absolute step is the highest step size in the succession (even the step to 2x SF2 + 2xSF4 is
not larger but of equal size). If this step can be avoided, this will have more impact on the receiver, than
if another step is avoided. This allows dimensioning the receiver hardware more economically. As the
receiver is often a base station, the more economical resource usage in the base station will either allow
a cheaper base station design or more powerful base stations i.¢. base stations that can process more

traffic.

[0031] Another disadvantage of using SF2 is that it provides worse inter symbol and inter code
mterference properties due to the lower processing gain. Therefore typically the performance of SF2 is
reduced in comparison with SF4. While this is true for any change in spreading factors, the effect is

most noticeable for the lowest spreading factor, i.e. for SF2.

[0032] Hence, we provide means for selection of the transmission parameters and physical resources to

avoid SF2 or more specifically the disadvantages mentioned above.

[0033] This can be achieved by the following modification of the above mentioned algorithm:

[0034] The lines
While Ne,data - Ne,j iz negative and Ne,data not max of SET2 and follower

of Ne,data requires no additional E-DPDCH do
Ne,deta = follower of Ne,data in SET2

End while

are simply removed from the algorithm. It is exactly these lines, that cause selection of 2xSF2 instead of
2xSF4, if both selections are possible at this stage, because both 2xSF2 and 2xSF4 require both two E-
DPDCH i.c. two spreading factors or two code channels. Therefore the requirement "follower of
Ne,data requires no additional E-DPDCH" is true and the follower i.e. 2xSF2 (or 2xN2) is selected.

This is a first possible embodiment of the invention.

[0035] As a side note it should be mentioned that also the sorting of the SET?2 is unnecessary in the
algorithm then as well and Ne,data,j can be computed directly without using the intermediate variable

Ne,data.
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[0036] There are some limitations of the previous embodiment. In particular, while removing the while
loop has the desired effect, it also has an undesirable side effect: Not only is now 2xSF4 preferred over
2xSF2, but also now SF8 is preferred over SF4. While similarly as above, SF8 has better performance
than SF4, the difference becomes more and more marginal with increasing spreading factor. However,
when SF8 is used, much more puncturing is necessary in order to fit into the smaller number of
available bits N8 instead of N4. Higher puncturing unfortunately causes a poorer coding performance
which will offset the marginal advantage of SF8 over SF4. Note that the performance degradation due
to inter symbol and inter code interference going from 2xSF4 to 2xSF2 is more pronounced, therefore

in that case it is advantageous to use the higher puncturing.

[0037] Therefore, even further optimizations can be done as will be shown in the following
embodiment of the invention:
In this embodiment we avoid selection of 2xSF2 over 2xSF4 and at the same time still retain
the selection of SF4 over SF8. More generally expressed, it will prefer lower spreading factors,
unless the spreading factor is already below a certain limit and otherwise prefer higher

spreading factors. We achieve this embodiment, by modifying the while statement as follows:
While Ne,data - Ne,j is negative and Ne,data not max of SETZ and
follower of Ne,data regquires no additioenal E-DPDCH and follower

of Ne,cata requires & spreading factor hicher than SFt do

[0038] SFt can be preset (or signaled as other parameters). It is a threshold spreading factor, from
which on lower spreading factors are avoided, i.c. if SFt is set to SF2, then SF2 will not be preferred

over SF4 (but SF4 will be preferred over SFS8).

[0039] This second embodiment avoids the disadvantage of the first embodiment, while retaining its

advantage.

[0040] The objective of the second embodiment for the specific case discussed here can further be
reached with the following third embodiment. We achieve this embodiment, by modifying the wile

statement as follows:
While Ne,data — Ne,5 is megative and Ne,data not max of SET?

and follower of Ne,data reguires enly a single E-DPDCH do

[0041] It can be observed, that the follower of Ne,data requires only a single E-DPDCH, if the follower
is within the set { N256, N128, N64, N32, N16, N8, N4}. i.e. not within the set { 2xN4, 2xN2,
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2xN2+2xN4;}. It can be seen that the latter set not only contains the cases where an additional E-
DPDCH is required (this is the case for 2xN4, and 2xN2+2xN4) but also the case that SF2 is introduced
(this is the case for 2xN2). This means that this simpler evaluation criterion "requires only a single E-
DPDCH" sufficiently describes the wanted cases. This criterion is not only simpler to evaluate than the
criterion "Ne,data requires no additional E-DPDCH and follower of Ne,data requires a spreading factor
higher than SFt" of the first embodiment, but also the criterion of the prior art "follower of Ne,data
requires no additional E-DPDCH".

[0042] With the third embodiment no comparison between follower and predecessor has to be done,
but only the follower needs to be examined, that's simpler than for the prior art. The second
embodiment uses a condition which contains the condition of the prior art combined with a further
condition and is therefore more complex than the prior art and consequently also more complex than the

third embodiment.

[0043] We conclude that the third embodiment achieves the objective of the invention with minimal
complexity and also by only applying a small change to the prior art. Small changes are obviously to be
preferred over larger changes, because the latter always bear the risk of introducing errors into an

implementation.

[0044] A further embodiment and simplification of the comparison done with the inner while loop is to
substitute the "While" statement by an if statement and the appendant "End while" by a simple "End if”
statement. This is applicable to all the embodiments described where the "While" loop is not completely

removed.

[0045] A further simplification would be to set Ne,data,j = min SET?2 as already described in the
algorithm above and if the number of E-DPDCH is one for max SET2 then set Ne,data,j = max SET2

and to remove the while loop:
while Ne,data - Ne,j is negative and Ne,dats not max «f SETZ and folleower

of Ne,data reguires no additional E-DPDCH do
Ne,data = follower of Ne,data in SET2

End while

[0046] That results in:
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SETLl = { Ne,data in SETO such that NWe,data -~ Ne,j is non negative }
I£f S5T1 not empty and SET1 smalleﬁt element needs juat one E-DPDCH then
Ne,dats, 5 = min SETL
Elaa
SETZ2 = { Ne,data in SETO such that Ne,data - PL:non_max x Ne,j non negative }
If SET2 is not empty than
Sert SET2 in ascending order
Ne,date,j = min SET2

If the Humber of E-DFDCH is one for max SET2

" Ne,data,j = max SETZ
End if
Elsga

Ne,data,j = max SETO provided thet Ne,data,i = PL max » Ne,j non negative

End if

End if

5  [0047] The present invention has been described as the selection process in a transmitting device.
However, it will be apparent to those skilled in the art that the receiver must also execute the above
determination process in order to find out which parameters the transmitter has used. This is essential
because only by applying the same parameters in its reception process the receiver can reconstruct the
transmitted data. Consequently the invention is not only applicable to a transmitting device but also a

10  receiving device and the means (computer programs, electronic circuitry or like or different means used

for the above mentioned purpose) used in any of these devices.

15
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PATENTKRAV

Fremgangsmaéde til bestemmelse af et parameterpar til en CDMA-transmission mellem en

sendende og en modtagende enhed, hvor parameterparret omfatter
et antal kodekanaler, E-DPDCH, og
en spredningsfaktor, SF,

og hvor parameterparret svarer til et muligt antal bits, N 4., der er tilgaengelige til et

transmissionstidsinterval,
hvilken fremgangsméade omfatter trinnene med:

hvis en forskel mellem et muligt antal N, q,,, der er tilgengelige til et transmissionstidsinterval
i et tilladt s@et, SETO, der er understottet af den sendende og modtagende enhed og et samlet
antal bits pr. transmissionstidsinterval efter kanalkodning og inden hastighedstilpasning N, ; er
negativt, hvor j er transportformatet, bestemmelse af et sat N, g1, ifolge mindst ét forste
udvalgelseskriterium givet af en begraensning af den sendende eller modtagende enhed, eller en
punkteringsgraense, hvor szttet er et undersaet af det tilladte seet SETO, der er understottet af den

sendende modtagende enhed;

sortering af sattet af N 44, Svarende til det mulige antal bits, der er tilgeengelige til et

transmissionstidsinterval i stigende orden,

0g
bestemmelse af N, 4., fra settet ifolge mindst ét andet udvalgelseskriterium, hvor det andet
udvealgelseskriterium indbefatter mindst et samlet antal bits N 4.1, j, der er tilgengelige til

transmission i transmissionstidsintervallet, og

mens N g, har talrige kodekanaler og N, 4.1, ikke er en maksimalveerdi af sattet og en
efterfolger af N, 4., kun kraever en enkelt kodekanal, udvelgelse af efterfolgeren af N gu, 1

sattet.
Telekommunikationsenhed omfattende:

- et middel til bestemmelse af et parameterpar til en CDMA-transmission mellem en sendende

og en modtagende enhed, hvor parameterparret omfatter

et antal kodekanaler, E-DPDCH, og
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en spredningsfaktor, SF,

og hvor parameterparret svarer til et muligt antal bits, N, 4.1,, der er tilgaengelige til et

transmissionstidsinterval,

et middel til bestemmelse af, om en forskel mellem et muligt antal N, 4.1, der er tilgaengelige til
et transmissionstidsinterval i et tilladt sat, der er understettet af den sendende og modtagende
enhed og et samlet antal bits pr. transmissionstidsinterval efter kanalkodning og inden
hastighedstilpasning (N, j), er negativ, hvor j er transportformatet, derefter bestemmelse af et
st N, 4ata 1folge mindst ét forste udvelgelseskriterium givet af en begraensning af den sendende
eller den modtagende enhed, et hastighedstilpasningskriterium eller en punkteringsgrense, hvor

sattet er et undersat af det tilladte set, SETO,

et middel til sortering af sattet af N, 410, Svarende til det mulige antal bits, der er tilgaengelige til

et transmissionstidsinterval i stigende orden,

hvor midlet til bestemmelse er konfigureret til at bestemme N, ga1,, fra seettet ifolge mindst ét
andet udvaelgelseskriterium, hvor det andet udvaelgelseskriterium indbefatter mindst et samlet
antal bits, N, 4, j, der er tilgaengelige til transmission i transmissionstidsintervallet, og mens N,
data har talrige kodekanaler og N, g1, ikke er en maksimalveerdi af sattet, og en efterfolger af N,

4ata KUN kraever en enkelt kodekanal, til at udvaelge efterfolgerne af N, a1, 1 saettet.

Telekommunikationsenhed ifolge krav 2, hvor enheden er en transmissions- eller en

modtagelsesenhed.

Telekommunikationsenhed ifelge krav 2 eller 3, hvor enheden er en basestation eller en mobil

terminal.
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