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1. Introduction

At RAN#65, a SID of downlink enhancements for UMTS was agreed [1]. One of the objectives of this SID is to investigate mechanisms to enhance DL control channel performance as follows: 

· Investigate mechanisms to enhance DL control channel performance, for example: (RAN1) 
· Repeat DL TPC commands in a number of consecutive slots to allow soft combining at the UE in order to reduce DL TPC transmit power. 
Aiming at the objective, two schemes for TPC transmit power reduction, TPC repetition and TPC decimation and initial evaluation results on downlink aspects were provided in [2][4]. In this contribution, the evaluation results on uplink aspects of slow power control (300Hz) are provided basing on the agreed text proposal on evaluation methodology of the downlink enhancements solutions [3] during the RAN1#78bis email discussion.
2. Uplink Performance Impact of Slow Power Control
The fast power control with 10% TPC BER is regarded as a legacy solution. It is able to reduce the F-DPCH Tx power consumption to some amount because the requirement on F-DPCH quality at the UE is relaxed to the minimum, which is 10%. The new power control algorithms proposed in this study (TPC repetition scheme and TPC decimation scheme), however, are able to save significant amount of F-DPCH Tx power as observed in both link and system evaluations [2]. Using 1% TPC BER for the new algorithms, more power can be saved with the new algorithms respect to the legacy solution with 10% TPC BER. 
As for uplink performance, some impact is expected for the slow power control algorithms. Link level simulations have been performed to evaluate the impact to the uplink caused by slow power control. Table 1 shows the link level simulation results for both fast power control and slow power control when the target number of H-ARQ transmissions is 2. For the legacy fast power control algorithm, which operates at 1500Hz, 4% is considered as the regular downlink TPC BER, and 10% is considered as an implementation solution to reduce the F-DPCH Tx power by sacrificing F-DPCH quality. For the new slow power control algorithms, which operate at 300Hz, 1%, 4% and 10% TPC BERs are considered. 
In addition to 2 H-ARQ transmissions, 4 H-ARQ transmissions are also considered and the results are shown in Table 2. When the number of UEs is large, e.g., around 100, increasing the number of H-ARQ transmissions can reduce the received power in the uplink effectively. In addition, this is also useful to enhance the performance of the SHO UEs, which are also the UEs consuming most of the F-DPCH Tx power in the downlink. 
For both 2 and 4 H-ARQ transmissions, it can be observed that the performance of fast power control with 10% TPC BER is worse than the performance of slow power control with 1% and 4% TPC BER in the VA120 and case 4 channels. In PA3 channel, fast power control with 10% TPC BER shows 0.36dB gain over new algorithms with 1% TPC BER and 0.68dB gain over new algorithms with 4% TPC BER for 2 H-ARQ transmissions. For 4 H-ARQ transmissions, however, this gain is reduced to as small as 0.09dB and 0.2dB.
From the simulation results, we have the following observations:

Observation 1: For 2 H-ARQ transmissions, fast power control with 10% TPC BER has smaller uplink impact than slow power control with 1% and 4% TPC BER in the uplink at low UE speed.
Observation 2: For 4 H-ARQ transmissions, fast power control with 10% TPC BER has similar impact with slow power control with 1% and 4% TPC BER in the uplink at low UE speed.
Observation 3: Slow power control with 1% and 4% TPC BER has smaller impact than fast power control with 10% TPC BER at high UE speed.
Table 1 E-DPDCH received Ec/N0 (dB) with 1 % Residual BLER (2 H-ARQ Transmissions)
	PC
	Rx Ec/No (dB)

	Frequency (Hz)
	Error (%)
	PA 3
	VA30
	VA120
	UL case 4

	1500
	4
	-11.16
	-10.31
	-9.84
	-9.52

	
	10
	-10.98
	-9.88
	-9.42
	-9.11

	300
	1
	-10.62
	-8.95
	-9.46
	-9.27

	
	4
	-10.30
	-8.88
	-9.44
	-9.22

	
	10
	-9.81
	-8.52
	-9.13
	-9.09


Table 2 E-DPDCH received Ec/N0 (dB) with 1 % Residual BLER (4 H-ARQ Transmissions)

	PC
	Rx Ec/No (dB)

	Frequency (Hz)
	Error (%)
	PA 3
	VA30
	VA120
	UL case 4

	1500
	4
	-14.41
	-13.46
	-13.09
	-12.38

	
	10
	-14.15
	-13.22
	-12.86
	-12.22

	300
	1
	-14.06
	-12.61
	-12.97
	-12.30

	
	4
	-13.95
	-12.59
	-12.83
	-12.25

	
	10
	-13.60
	-12.44
	-12.76
	-12.12


3. Conclusion
In this contribution, the simulation results on uplink aspects of the proposed solutions are provided based on the agreed evaluation methodology of the downlink enhancements solutions. Both the fast power control with 10% TPC BER and the slow power control with 1% and 4% TPC BER are compared for various channels. It can be observed that:

Observation 1: For 2 H-ARQ transmissions, fast power control with 10% TPC BER has smaller uplink impact than slow power control with 1% and 4% TPC BER in the uplink at low UE speed.

Observation 2: For 4 H-ARQ transmissions, fast power control with 10% TPC BER has similar impact with slow power control with 1% and 4% TPC BER in the uplink at low UE speed.
Observation 3: Slow power control with 1% and 4% TPC BER has smaller impact than fast power control with 10% TPC BER at high UE speed.
It is proposed:
Proposal 1: Capture the evaluation results and observations in the TR.
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Appendix A
Table 1 Uplink link simulation assumptions of the solutions to enhance downlink signalling performance [3]
	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH

	E-DCH TTI [ms]
	10

	TBS [bits]
	5076

	Modulation
	QPSK

	Number of physical data channels and spreading factor
	1xSF4

	20*log10(βed/βc) [dB]
	8.94

	20*log10(βec/βc) [dB]
	-1.94

	20*log10(βhs/βc) [dB]
	OFF

	Number of H-ARQ Processes
	4

	Target Number of H-ARQ Transmissions
	2, 4 

	H-ARQ operating point
	1 % Residual BLER

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	OFF

	Inner Loop PC Step Size
	±1 dB

	UL TPC Delay (sent on F-DPCH)
	2 slots

	UL TPC Error (sent on F-DPCH)
	1%, 4%, 10%

	Propagation Channel
	PA3, Case 4, VA30, VA120

	NodeB Receiver Type
	RAKE 

	Power Control Frequency
	300Hz, 1500Hz

























































































































































































