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1 Introduction
Two related topics are covered within this contribution:

1) An improvement to uplink power control based upon UE assistance

2) A correction of sub-optimal power control behaviour during uplink transmission pauses

Regarding (1) above, in the current specifications, closed-loop TPC-based power control is employed for uplink DPCH and PUSCH in 1.28Mcps TDD.
TPC commands are derived by the Node-B and following the procedures of 25.224, the UE must adjust the transmit power up or down by the TPC step size in response.

Unfortunately this power control method does not take advantage of the reciprocity of the TDD radio channel.  When there is some degree of correlation in pathloss between sub-frames, the UE can exploit the reciprocity to autonomously compensate for pathloss changes and thereby reduce the overall loop error as seen at the Node-B receiver.  However, the current text of 25.224 mandates that the UE follows only the TPC commands sent by Node-B.  Even though the UE has access to useful pathloss information which could be used in conjunction with the Node-B commands when calculating the transmit power, it is not allowed to do so.
It is suggested that as an optional feature within Release 6, the 1.28Mcps TDD UE is allowed to take both the received TPC commands and the pathloss information into account when calculating the transmit power in order to improve the performance of uplink power control.
Simulation results are presented/discussed in section 2 and Annex A.  Required changes are discussed in section 3.1 and a draft CR is presented in Annex B.
A discussion regarding (2) above is given in section 3.2, and the proposed changes are incorporated into the same draft CR of Annex B.
2 Simulation of the UE assistance technique
Simulations have been performed to determine the performance improvement of allowing UE assistance to the closed-loop uplink power control scheme.  An example of the results is presented for an ITU Indoor to Outdoor Pedestrian-A channel at 3kmph.
In the non-assisted scheme, the UE power PTx is set based only upon an accumulation of the TPC commands.  The accumulated value is termed PTPC.

PTx = PTPC dBm
In the assisted scheme, the UE power is set based upon both the accumulated TPC value (PTPC) and on the beacon channel RSCP in the current subframe.
PTx = PTPC – RSCP dBm
The uplink transmission is assumed to occur 2 timeslots after the beacon transmission in timeslot 0.  A TPC update (step size 1dB) is made every 5ms sub-frame and an outer-loop process is running in the Node-B with a target of 1% BLER.
Statistics on both the received SIR and the transmit power were gathered.  The received SIR statistics reveal the reduction in link Eb/No that may be obtained (of importance for intra-cell interference), whilst the transmit power statistics reveal the overall reduction in the amount of inter-cell interference generated.

The results are shown in figures 1, 2 and 3 of Annex A.

· Figure 1:
a segment of the received SIR time history for both non-assisted (Rel-5) and assisted schemes.

· Figure 2:
the distribution of sub-frame Tx power

· Figure 3:
the distribution of sub-frame received SIR

It is clear from the figures that the ability of the loop to track the pathloss changes is much improved when assistance is employed.  Although the variance in transmit power is approximately the same, the variance in received SIR is far less.

Results concerning the mean transmit power and the mean received SIR are tabulated intable 1.  The mean outer-loop level is also given for information.
Table 1
	Statistic
	Non-assisted (Rel-5)
	UE-Assisted
	Assistance Gain

	Mean received SIR for 1% BLER
	2.92 dB
	0.29 dB
	2.63 dB

	Mean transmitted power for 1% BLER
	5.89 dB
	4.34 dB
	1.55 dB

	Mean Outer-Loop Level for 1% BLER
	2.5 dB
	0.2 dB
	2.3 dB


3 Required changes to 25.224

3.1 UE assistance to uplink closed-loop power control
In order to realise the simulated gains, the procedural text of 25.224 concerning UE behaviour for closed-loop uplink power control would need to be amended to state that in addition to the TPC commands, the UE may elect to make further adjustments to the transmit power based upon available pathloss information.
The changes affect the UE only.  No changes to UTRAN are required.  In terms of testing, the UE should clearly continue to meet the existing RAN WG4 / T1 performance criteria in AWGN and in fading channels.  As such, no additional testing requirements are foreseen to be necessary.
3.2 UE procedures during uplink transmission pauses
Whilst analysing the changes required to 25.224, a further aspect requiring attention has been noticed concerning uplink power control operation.  The existing text of section 5.1.1.4 states:
In the event of no associated uplink data being transmitted between two related downlink TPC commands, the UE shall ignore the resulting TPC command. The transmit power for the next instance of the timeslot/CCTrCH pair shall then be set using the open loop procedure as for initial transmissions.

It is felt that this procedure is suboptimal, since a full reset of the closed-loop occurs if only a single sub-frame is DTX’d, when fractional DPCH’s (which don’t exist every sub-frame) are used, or when shared channel allocation is not made in every sub-frame.  In such circumstances, the UE transmit power would be set by open loop means only due to the continual reset.  Clearly in the absence of outer-loop feedback, this has the potential to cause excessive intra and inter-cell interference.

A modification to this procedure is therefore suggested wherein following an uplink transmission pause, the UE transmit power is based upon the last timeslot/CCTrCH transmit power, but with a correction factor to compensate for the pathloss changes during the pause.  In this way the closed-loop is not reset, and power control can be more efficient and stable when uplink transmissions are not present in every sub-frame.

4 Conclusions
4.1 UE assistance to uplink closed-loop power control
Referring to table 1, for the Pedestrian A channel at 3kmph, the UE assistance technique was able to reduce the mean received Eb/No of the link by 2.63 dB.  Additionally, this translated to a reduction in mean transmit power of 1.55 dB.

These link gains may be exploited to provide significant uplink system capacity gains for 1.28Mcps TDD.

It is recommended that appropriate changes are made to 25.224 in order to allow the UE to provide assistance to the closed-loop power control procedure by using available pathloss information in a reciprocal channel.

The recommended changes are limited in scope to 25.224 and affect the UE only.  UTRAN procedures are not affected.  An example CR is presented in Annex B.
4.2 UE procedures during uplink transmission pauses
It is recommended that the UE uplink power control procedures in 25.224 are updated to better handle situations in which uplink transmissions are not present in every sub-frame (typical of DTX, fractionated DPCH’s and uplink shared channel operation).  It is suggested that the old procedure is replaced with a method wherein the transmit power after the pause is based upon the last CCTrCH/timeslot transmit power but with compensation for the changes in pathloss observed by the UE during the pause.
The recommended changes are incorporated into the draft CR of Annex B.

Annex A – Simulation Results
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Figure 1
[image: image2.emf]-15 -10 -5 0 5 10 15 20 25

0

200

400

600

800

1000

Sub-Frame Tx Power (dBm)

Occurrence

UE assistance disabled

-15 -10 -5 0 5 10 15 20 25

0

200

400

600

800

1000

Sub-Frame Tx Power (dBm)

Occurrence

UE assistance enabled


Figure 2
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5.1.1.4
DPCH and PUSCH

The initial transmission power for uplink DPCH and PUSCH is set by higher layers based on open loop power control as described in [15]. The UE then transits into closed loop power control.  The node B shall generate TPC commands according to a quality target set by higher layers in order to instruct an increase or decrease in the level of transmission power from the UE and send them in the TPC field of associated downlink CCTrCHs (see [8] for a description of the mapping between DL associated TPC symbols and UL controlled CCTrCH/timeslots). If the physical channel power shall be increased, the TPC command is set to “up”, whereas if the power shall be reduced the command is set to “down”. A TPC command sent in a downlink CCTrCH controls all uplink DPCHs and PUSCHs in the associated uplink CCTrCH and timeslot. An example of SIR based UL power control is given in annex A2
At the UE when the TPC command is judged as ‘down’, an accumulated power value “PTPC dB” stored within the UE shall be reduced by one power control step, whereas if it is judged as ‘up’, PTPC shall be raised by one power control step.  If closed-loop assistance (eg: see Annex A.2.a) is not used, the mobile transmit power is set equal to PTPC.
Optionally, the UE may employ assistance to the closed loop and may calculate a further power component “Passist dB” based upon the received signal strength of beacon-function physical channels within the cell.  If assistance to the closed loop is used, the mobile transmit power is based upon the sum of PTPC and Passist.
The closed loop power control procedure for UL DPCH and PUSCH is not affected by the use of TSTD.

In the event of no associated uplink data being transmitted between two related downlink TPC commands, the UE shall ignore the resulting TPC command. The transmit power for the next instance of the timeslot/CCTrCH pair shall then be set using the power level of the previous uplink transmission but modified appropriately to compensate for any change in pathloss observed during the uplink transmission pause.
A.2
Example Implementation of Closed Loop Uplink Power Control in Node B for 1.28 Mcps TDD

Uplink power control is based on a quality target, set by higher layers. An example implementation for a Node B TPC calculation algorithm is SIR based. In this algorithm, an outer loop sets a target SIR value, SIRtarget, which may be adjusted from time to time in order to ensure that the quality target is met. In the meantime, as part of an inner loop a calculation of SIR in associated uplink transmissions may be carried out.  When the measured value is higher than the target SIR value, TPC command = "down". When the measurement is lower than or equal to the target SIR, TPC command = "up".

A.2.a
Example Implementation of Assisted Closed Loop Uplink Power Control in the UE for 1.28 Mcps TDD

In unassisted closed loop uplink power control, the TPC commands transmitted by the Node-B attempt to compensate for all pathloss, interference and channel variations.  In some channel conditions, the UE may improve uplink power control performance by automatically compensating for the pathloss changes in-between uplink transmissions when calculating the transmit power.  The adjustments for pathloss are made in addition to the TPC commands received from the Node-B.  The required pathloss estimates may be obtained at the UE by comparing the received signal code power of beacon transmissions with the known P-CCPCH reference power, as are used for open-loop power control procedures.
In its simplest form, the UE assistance value for a particular sub-frame is calculated as a function of the inverse of the observed beacon pathloss in that sub-frame.  However, for maximum effectiveness, the degree of UE assistance applied should be adjusted based upon the reliability of the UE’s estimate of the pathloss difference between successive uplink transmissions.
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