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1. Abstract

At the last meeting in Stockholm we presented simulation results referring the proposed improvement for power control
at power limits[5]. In the plenary it was concluded to present an CR at the next meeting in Boston. In this paper we
present an appropriate CR clarifying the power control at power limits and answer some questions raised since the last
meeting. Additional some more simulation results we carried out are presented.

2. Introduction

Accurate power control is one of the basic requirements for the high WCDMA system capacity. The transmit power
must be kept as low as possible in order to minimise interference, and just high enough to ensure the required quality of
service [8]. Looking at the current Rel. 99 specification there are some decisive deficits in the power control behaviour
close to the power limits. The CR we provide in this paper counteracts these deficits and yields an accurate power
control situation we are used to get in the "normal" power level cases.

3. Answers to questions raised in the WG1#17 meeting

At the last meeting in Stockholm some questions were raised which for example should be clarified with WG4. Thus
we present all questionswe received and give an appropriate answer:
- What are the reasons for this significant 3 dB gain, how can this be achieved?
Due to the current Specifications the power istoo low after leaving the maximum power limit and the power has to
be ramped up to the appropriate value. This disturbed power control causes a coding degradation.
When we use the proposed improvement we get two effects: coding gain and an appropriate power level
immediately after leaving the power limits.
We get a coding gain since the disturbance of the power control isreduced and the BS receives almost a constant
power. But the major part of theindicated 3 dB gain is reached because of the appropriate power level immediately
after leaving the power limit. Looking at the simulation results in figure 1 (we already presented in Stockholm) you
can recognise that our proposal approaches to the ideal undisturbed power control curves (yellow).
What is the expected time period for that indicated gain?
This depends on the amount of power control disturbance. That means the greater the deviation from the
appropriate power level the greater the period of gain, which is achieved by using our proposed method.
Furthermore the period of gain depends a so on the power control algorithm i. e. emulated steps size or normal step
size. If emulated step sizes are applied then the time period will be 5 times longer than in the PCA=1 case.
Conclusion: In general afew slots up to some frames can be affected by the gain.
The gain projected to the entire link depends on the frequency of occurrence.
The achieved gain we presented in the simulation results refers to a certain time period and not permanently to an
entire link. The sameis encountered in case of power control during compressed mode. There some additions for
power control are also introduced in order to reduce and mitigate the power control disturbance immediately after
the gap. This enhancements are referred to the period of some slots after the gap and not to the entire link.
TS 25.133 section 6.4 and 6.4.1: Does this section prevents a UE from increasing or decreasing data rate when a
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UE operates at maximum or minimum power limit?

It is stated when the UE reaches the maximum transmit power it shall limit the usage of transport format
combinations for the assigned transport format set. Section 6.4.1 presents more detailed information: A requested
exceeding is not excluded. Moreover a parameter T1, which is still to be specified, counts the period of the UE
output power requested by UTRAN to be higher than the UE maximum transmit power in order to reduce the data
rate after aperiod of T1.

Conclusion: A restriction of possible TFC due to reaching the maximum power limit is foreseen. A requested
exceeding of the maximum power dueto arequest from UTRAN is considered. After acertaintime T1 of
exceeding the data rate should be reduced (block certain TFC), but the power control behaviour at that point is not
clarified yet. That is exactly what our proposal intendsto clarify.

Release '99 compatibility

There are no issues with respect to R99 backward compatibility. The R4 UE will use a more appropriate power
level after the change of data rates and the connection will enjoy a better quality. The network can know which
algorithm the UE uses (the network knowswhether the UE is a R99 or R4 UE), however, the network does not
have to know the exact PC behaviour of the UE. Thereforeit is even possible to use this enhanced algorithm when
aR4 UE is communicating with a R99 Node B. For the same reason it is possible to use R99 UEsin a R4 network,
of course without using the enhanced algorithm and its gain.

4. Simulation results

As aready depicted in [5] we consider a UE operating close to the maximum power limit. The UE conveys data with a
rate of 8 kbit/sec (DPDCH). After arequest for an additional data rate of about 384 kbit/sec the DPCCH maintains the
Spreading Factor (SF) of 256 and the DPDCH uses the SF 4. The convolutional 1/3 coder with an adequate rate
matching scheme is applied. Due to data rate increase the transmit power is requested to exceed the maximum power
limit specified in [7]. Corresponding to section 5.1.2.6 of TS 25.214 scaling is applied and after 10 ms the higher data
rate should be released and the previous data rate is applied again. In TS 25.133 a time period [T1] is scheduled. This
time period [T1] counts the period of the UE output power requested to be higher than the UE maximum transmit power
in order to reduce the data after the latest period T1.

The conducted simulations compare the achieved BER in the frame after releasing the higher data rate, since due to the
current specifications the transmit power is expected to be too low. The xaxis represents the received E,/Ng (bit power
to noise ratio) in the balanced power case. So, the x-axis represents the target E,/Ng. The so called "Current scheme" in
figure 1 and 2 represents the BER in the frame immediately after the higher data rate by using the current specified
schemein [6]. The curve "New Scheme" showsthe BER in that frame by using the proposed scheme as presented in the
CR. Theyellow line "undisturbed PC" represents the BER of a power balanced frame.

Figure 1 shows the simulation results we already presented in [5] at the Stockholm meeting. Figure 1 applies PCA=1
and for comparison Figure 2 applies PCA=2. Please note if we use PCA=2 then the time period of that indicated gain
will last at least 5 times longer than in the PCA=1 case. Comparing the two lines called "New Scheme" and
"undisturbed PC" shows that the proposed scheme yields nearly the same performance as in the undisturbed and power
balanced case. For simulation results engaging different speed assumptions please refer to [5].
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Figurel: BER after releasing higher data rates (speed: 3 km/h)
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Figure 2: BER after releasing higher data rates (speed: 3 krm/h) by using emulated step sizes

We also carried out simulations for the minimum power level case. We consider a UE, which operates close to the Base
Station with a transmit power near the minimum power level. This UE conveys data with a rate of 8 + 384 kbit/sec
(DPDCH). After arequest for releasing the 384 kbit/sec service the DPCCH maintains the Spreading Factor (SF) of 256
and the DPDCH switches from SF 4 to SF 256. Due to data rate reduction the transmit power is requested to fall below
the minimum power limit specified in [7]. Corresponding to section 5.1.2.6 of TS 25.214 scaling is applied so that the
total transit power is scaled up to =50 dBm. In our simulation assumptions the higher data rate should be resumed again
after 10 ms and thus the previous datarate is applied again. According to the current specification the UE transmits with
too much power while the higher datarate is engaged again and therefore causes intra cell interference unnecessarily.
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In order to get afeeling of the impact of this caused intracell interference to the other UESs residing in the same cell, we
conducted simulations. Therefore we consider besides this interfering UE a second UE, which is exemplary observed in
order to get the suffered impact. Please note this impact can be extracted to all other UEs of this cell. This second UE
uses alow bit rate service of about 8 kbit/sec.

The conducted simulations compare the BER of the second UE at that time when the interfering UE resumes the higher
data rate. The xaxis represents the received E/(No+l) (bit power to noise ratio plus interference). The so called
"Current scheme” in figure 3 represents the BER of the second UE when the first UE obeys to the current specified
scheme in [6]. The curve "New Scheme" shows the BER achieved when the first UE uses the proposed scheme as
presented in the CR. The “New Scheme” line is shifted to the right because the unnecessary interference caused by the
first UE is avoided. Additionally you can recognise that the proposed scheme achieves besides this shift of the curve a
better BER performance. This gain, which is achieved for this second UE as an example, can be extracted to all other
UEs camping in that cell. This means by using the proposed method the cell capacity is increased and the BER is
optimised.
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Figure 3: BER of UE encountering the interference of another UE operating at minimum power level

5. Some words to the change request

[5] already depicts the basic idea of the proposed method for power control at power limits. In the appendix (section 7)
of this paper an algorithm is attached in order to give an extensive description. The description is divided into two
algorithms, i. e. the algorithm for the introduced variable P2 (figure 4) and the algorithm for the total transmit power
(figure 5). In figure 4 and 5 the following abbreviations are applied:

Pr«(i): UE total transmit power (DPCH) of the current slot

Pr«(i-1): UE total transmit power (DPCH) of the previously transmitted slot

?orcH (i): current UE total power adjustments due to TPC commands

?Paan(i): current UE total power adjustments due to gain factor readjustments

rmax .
y=Xiun - min?y? max

Please see the Rel. 4 Change Request below. Three cases are distinguished:

1. Thetotal transmit power iswithin the allowed power limits.

2. Anoverstep of the power limitsisrequired

3. An overstep of the power limits was already requested in the previous slot and new power changes should be
adopted to the total transmit power.

In case 3 if PCA=1, then we combine the current and the previous TPC_cmd together before a TPC_cmd is executed.

This counteracts the impacts of TPC bit errors.
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7. Appendix
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Release 1999 18 3GPP TS 25.214 V3.5.0 (2000-12)

where RM; is the semi-static rate matching attribute for transport channel i (defined in [2] subclause 4.2.7), N; isthe
number of bits output from the radio frame segmentation block for transport channel i (defined in [2] subclause 4.2.6.1),
and the sum istaken over all the transport channelsi in the reference TFC.

Similarly, define the variable

K,?? RM, N, ;

I
where the sum is taken over all the transport channelsi inthej:th TFC.

Thevariable A;, called the nominal power relation isthen computed as:

The gain factorsfor the j:th TFC are then comp uted as follows:

- IfA>1then ?,, ?1.0and?_; isthelargest quantized ? -value, for which the condition ?_ ;2 1/A

y
holds. Since ? . ; may not be set to zero, if the above rounding resultsin azero value, ? ; shall be set to the

lowest quantized amplitude ratio of 1/15 as specified in[3].

- IfA?1, then ?,
?.:. ?71.0.

C,J

j isthesmallest quantized ? -value, for which the condition ?, ; ? Ay holds and

The quantized ?-values are defined in [3] subclause 4.2.1, table 1.

5.1.254 Setting of the uplink DPCCH/DPDCH power difference in compressed mode

The gain factors used during a compressed frame for a certain TFC are calculated from the nominal power relation used
in normal (non-compressed) frames for that TFC. Let Ay denote the nominal power relation for the j:th TFC in anormal
frame. Further, let ?¢c;j and ?yc; denote the gain factors used for the j:th TFC when the frame is compressed. The
variable Acj is computed as:

157N,
. r) . f) pilot,C :
At,] AJ \/N ol\l

slotsC *" ¥ pilot,N

where Nyiior,c iSthe number of pilot bits per slot when in compressed mode, and Ny 1S the number of pilot bits per
slot in norma mode. Ngosc iSthe number of slotsin the compressed frame used for transmitting the data.

The gain factorsfor thej:th TFC in a compressed frame are computed as follows:
If Acj >1,then ?, ., ?1.0 and ? . ; isthelargest quantized ? -value, for which the condition ? .. ; 2?1/
Ac; holds. Since ?_ j Mmay not be set to zero, if the above rounding resultsin a zero value, ?ecc, ; shall be set
to the lowest quantized amplitude ratio of 1/15 as specified in [3].
If Acj ? 1, then ?, ¢
?.c: 710.

c,C,j

j isthesmallest quantized ? -value, for which the condition ? - ; ? Ac; holds and

The quantized ?-values are defined in [3] subclause 4.2.1, table 1.

5.1.2.6 Maximum and minimum power limits

In the case that the total UE transmit power (after applying DPCCH power adjustments and gain factors) would exceed
the maximum allowed value, the UE shall apply additional scaling to the total transmit power so that it is equal to the
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Release 1999 19 3GPP TS 25.214 V3.5.0 (2000-12)

maximum allowed power. This additional scaling shall be such that the power ratio between DPCCH and DPDCH
remains as required by sub-clause 5.1.2.5.

The variable P"®* stores the information of the requested total UE transmit power, which is lost owing to the applied
scaling.

Thus, the variable P"® traces each exceeding of the maximum allowed total transmit power value (before applying
additional scaling). P'"°® also traces power adjustments due to gain factor readjustments while the UE is transmitting at
maximum power level and

- TPC_cmd of either the current or the previousslot isequal to 1 (in case of PCA=1)

- TPC cmd of the current slot is not equal to—1 (in case of PCA=2).

P s equal to the total transmit power, if the total transmit power is below the maximum allowed value.

If the total UE transmit power in the previously transmitted slot is at the maximum power level and

- TPC_cmd of either the current or the previous slot isequal to 1 (in case of PCA=1)

- TPC _cmd of the current slot is not equal to—1 (in case of PCA=2)

and the total power shall be reduced due to gain factor readjustments, then the total UE transmit power value shall be
computed on reference to P2 of the previously transmitted slot and not on reference to the total UE transmit power of
the previously transmitted slot, whereas also scaling will be applied if necessary.

When transmitting on a DPCH the UE is not required to be capabl e of reducing itstotal transmit power below the
minimum level required in [7]. However, it may do so, provided that the power ratio between DPCCH and DPDCH
remains as specified in sub clause 5.1.2.5. Some further regulations also apply as follows: In the case that the total UE
transmit power (after applying DPCCH power adjustments and gain factors) would be at or below the total transmit
power in the previously transmitted slot and also at or below the required minimum power specified in [7], the UE may
apply additional scaling to the total transmit power, subject to the following restrictions:

- Thetotal transmit power after applying any additional scaling shall not exceed the required minimum power, nor
the total transmit power in the previously transmitted slot;

- Themagnitude of any reduction in total transmit power between slots after applying any additional scaling shall
not exceed the magnitude of the calculated power reduction before the additional scaling.

In the case that the total UE transmit power in the previously transmitted slot is at or below the required minimum
power specified in [7] and the DPCCH power adjustment and gain factors for the current slot would result in an
increasein total power, then no additional scaling shall be used (i.e. power control shall operate as normal).

In the case that the UE allows the total UE transmit power being below the minimum level, then P2 is always equal to
the total UE transmit power. If the UE is not capable of reducingits total transmit power below the minimum level
required in [7], P"®® traces each first falling below the minimum power limit. P also traces power adjustments due to
gain factor readjustments while the UE is transmitting at the minimum power level and

- TPC_cmd of either the current or the previous slot is equal to —1 (in case of PCA=1)

- TPC_cmd of the current slot isnot equal to 1 (in case of PCA=2).

P s equal to the total UE transmit power, if the total transmit power is above the minimum allowed value.

If the total UE transmit power in the previously transmitted slot is at the minimum power level and

—TPC cmd of either the current or the previous slot is equal to—1 (case of PCA=1)

—TPC _cmd of the current slot is not equal to 1 (in case of PCA=2)

and the total power shall be increased due to gain factor readjustments, then the total UE transmit power value shall be
computed on reference to P of the previously transmitted slot and not on reference to the total UE transmit power of
the previously transmitted slot, whereasalso scaling will be applied if necessary.

If the UE applies any additional scaling to the total transmit power as described above, this scaling shall beincluded in
the computation of any DPCCH power adjustments to be applied in the next transmitted slot.

5.1.3 PCPCH

5131 General

The power control during the CPCH access procedure is described in clause6.2. The inner loop power control for the
PCPCH is described in the following sub-clauses.
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5.1.3.2 Power control in the message part

The uplink transmit power control procedure simultaneously controls the power of a PCPCH control part and its
corresponding PCPCH data part. The relative transmit power offset between the PCPCH control part and the PCPCH
data part is determined by the network and is computed according to sub-clause 5.1.2.5 using the gain factors signalled
to the UE using higher-layer signalling, with the difference that:

- ?cisthegain factor for the PCPCH control part (similar to DPCCH);
- ?qisthegain factor for the PCPCH data part (similar to DPDCH).
The gain factors are applied as shown in sub clause 4.2.3.2 of [3].

The operation of the inner power control loop adjusts the power of the PCPCH control part and PCPCH data part by the
same amount, provided there are no changesin gain factors.

Any change in the uplink PCPCH control part transmit power shall take placeimmediately before the start of the pilot
field on the control part of the message part. The change in PCPCH control part power with respect to itsvaluein the
previous slot is derived by the UE and is denoted by ?pcpcn.cp (in dB).

During the operation of the uplink power control procedure the UE transmit power shall not exceed a maximum
allowed value which isthe lower out of the maximum output power of the terminal power class and a value which may
be set by higher layer signalling.

Uplink power control shall be performed while the UE transmit power is below the maximum allowed output power.

The provisions for power control at the maximum allowed value and below the regquired minimum output power (as
defined in [7]) are described in sub-clause 5.1.2.6.

The uplink inner-loop power control adjusts the UE transmit power in order to keep the received uplink signal-to-
interference ratio (SIR) at agiven SIR target, SIRget, Which is set by the higher layer outer loop.
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