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1
Introduction

A new study item “DCH Enhancements for UMTS” was approved in TSG-RAN#58 [1] and RAN1 is the leadership of this SI. This contribution presents an evaluation of various transmit power control (TPC) rates, and provides preliminary link level simulation results to show the impact on the system performance by different TPC rates.

In current UMTS network both uplink and downlink TPC are mostly operating at 1500Hz (UL PCA1 and DL DPC0), with 1-slot round trip delay and update rate. However, we observed that frequent transmit power update is sometimes harmful to the system due to unreliable SNR estimation and frequent overshooting effects. In this contribution we evaluate two slower TPC rates, namely 750Hz and 500Hz, against the commonly used 1500Hz on both downlink and uplink. We tried to identify the TPC loop with minimized round trip delay for 750Hz and 500Hz TPC rate respectively, and performs link level simulations to see the their impacts on several performance metrics including DTCH block error rate and required transmit power, as described in the following sections. 
2
Downlink Transmit Power Control
Figure 1 illustrated the downlink power control loops for different TPC rate being evaluated, which are all based on downlink slot format #8 and uplink slot format #0. The existing DPC mode 1 defined in the R99 specification is not considered here, as it introduces 6-slot round trip delay, which is deemed too long. 

In case of 750 Hz TPC rate, the transmit power is updated every two slots. Since there are 15 slots in one radio frame, the alignment of power update periods is done every two frames, and the first update time aligns with the DL DPCH pilot field right before the boundary of the frame with CFN (Connection Frame Number) module 2 being 0. As seen in Figure 1, the terminal estimates the quality of pilot fields of DL slot #12 and #13, and sends the TPC command on UL slot #13. The base station then updates the transmit power on pilot field of slot #14. The TPC field of UL slot #14 now can be reserved for future usage. The estimated overall round trip delay of the simulated 750Hz TPC operation is 2 slots, and the SNR estimation quality is expected to be improved due to the 2-slot time diversity.
In case of 500 Hz TPC rate, the transmit power is updated every three slots, and the first update time aligns with the pilot field of the slot prior to the frame boundary. As seen in Figure 1, the terminal estimates the quality of pilot field of DL slot#11, #12 and #13, and sends the TPC command on UL slot#13. The base station then updates the transmit power on the pilot field of slot#14. In this case, the TPC field of UL slot#14 and #0 can be reserved for future usage. The estimated overall round trip delay of the simulated 500Hz TPC operation is 3 slots, and the SNR estimation quality is expected to be improved due to the 3-slot time diversity.
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Figure 1 - Illustration of downlink power control loop at 1500Hz, 750Hz and 500Hz respectively 
(DL slot format#8, UL slot format#0)
Figure 2 shows the simulation results on the DTCH BLER over various fading channels with different TPC rates. As seen the BLER can converge to 0.01 in most case except for the 500Hz TPC over PA3 facing wind up protection during deep fade. Therefore based on such observation we suggest not applying 500Hz TPC rate for the single link environment to ensure BLER convergence. 
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Figure 2 - Downlink converged DCH BLER under various TPC rate (single link)

Figure 3 shows the downlink transmit power consumption in terms of DPCH Ec/Ior. As seen there is significant power reduction gain from slower TPC rates compared with that of 1500Hz TPC rate. Simulations over soft handover scenarios and different transmit diversity schemes were also conducted and the results are summarized in Table 1 and Table 2 for 750Hz and 500Hz respectively. 
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Figure 3 – Required downlink DPCH Ec/Ior under various TPC rate (single link)

Table 1 - Summary of simulation results for 750Hz DL TPC rate
	DL TPC power reduction gain
(compared with 1500Hz)
	Single cell in active set
	2 cells in active set
	3 cells in active set

	No Transmit Diversity
	0.5 dB
	0.3 dB
	0.2 dB

	STTD
	0.3 dB
	0.3 dB
	0.2 dB

	CLTD1
	0.5 dB
	0.3 dB
	0.2 dB


Table 2 - Summary of simulation results for 500Hz DL TPC rate
	DL TPC power reduction gain
(compared with 1500Hz)
	Single cell in active set
	2 cells in active set
	3 cells in active set

	No Transmit Diversity
	0.8 dB
	0.4 dB
	0.3 dB

	STTD
	0.7 dB
	0.3 dB
	0.3 dB

	CLTD1
	0.7 dB
	0.3 dB
	0.3 dB


Based on the above simulation results and considering the issue of BLER convergence, we suggest that 750Hz TPC rate can be a good alternative for the downlink TPC.

Observation 1: 750Hz is a good alternative rate to 1500Hz for the downlink transmit power control. 
3
Uplink Transmit Power Control
Figure 4 illustrated the uplink power control loops for different TPC rate being evaluated, which are all based on downlink slot format #8 and uplink slot format #1(BTFD-based). The uplink and downlink TTI boundaries are assumed to be aligned here, and the target BLER for convergence is 0.01. PCA2 defined in the R99 specification is not considered here, as it updates TPC commands every 5 slots and leads to 10-slot round trip delay, which is deemed too long. 

Let’s firstly examine the behaviour of the slot-rate (1500Hz) uplink TPC. As seen in Figure 4, the base station receives the pilot field in UL slot #n and performs quality estimation based on that. Assuming the 2-symbol base station processing time and 1-symbol propagation delay, there are only 3.5 symbols (7.5 - 2.0 – 2*1.0) available for the base station to perform quality estimation, which is quite short compared with the given 8 pilot symbols by slot format#1. Therefore we may expect the quality estimation result will not be good. After comparing the quality of DPCCH in UL slot #n with the target quality from the UL outer loop power control, the base station decides the UL transmit power (increase or decrease) in UL slot #(n+1), and put its UL TPC command on the TPC field of DL DPCH in DL slot#(n+1). The estimated round trip delay of the 1500Hz UL TPC is 1 slot. 

In case of 750Hz TPC rate, the transmit power is updated every 2 slots. Since there are 15 slots in one radio frame, the alignment of power update periods are done every two frames, and the first update time aligns with the pilot field in the first slot of the UL DPCH frame with CFN module 2 being 0. As seen in Figure 4, the base station estimates the quality of the pilot fields in UL slot #13 and #14, and sends its TPC command on DL slot#0. Then the terminal updates its transmit power on pilot field of UL slot#0. In this case, the TPC field of DL slot#14 can be reserved for further usage. The estimated overall round trip delay for the 750Hz TPC is 2 slots, and the estimation quality is expected to be improved due to the 2-slot time diversity. Please note that the estimation length of UL slot#13 is 8 symbols now since there is no time constraint on the previous slot, which can also contribute to the quality estimation. 
In case of 500Hz TPC rate, the transmit power is updated every 3 slots, and the first update time aligns with the pilot field of the first slot in a frame. As seen in Figure 4, the base station estimates the quality of pilot fields of UL slot#12, #13 and #14, and sends its TPC command on DL slot#0. Then the terminal updates its transmit power on pilot field of UL slot#0. In this case the TPC fields of DL slot#13 and #14 can be reserved for future usage. The estimated overall round trip delay of the 500Hz TPC is 3 slots, and the estimation quality is expected to be improved due to the 3-slot time diversity. Please note that the estimation length for both UL slot #12 and #13 is 8 symbols now since there is no time constraint on the previous slot, which can also contribute to the quality estimation. 
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Figure 4 - Illustration of uplink power control loop at 1500Hz, 750Hz and 500Hz respectively
(DL slot format#8, UL slot format#1)

Figure 5 and Figure 6 show the required uplink DPCH Ec/No (in dB) and DCH converged BLER respectively for different TPC rate. As seen, in all case the BLER can converge to 0.01, while 750Hz TPC outperform 500Hz TPC in terms of required transmit power (DPCH Ec/No) and has few power reduction gain compared with 1500Hz TPC over VA120 fading channel. Although there is about 0.1dB degradation compared with 1500Hz in terms of the required DPCH Ec/No, considering 1) the overall system capacity is usually bounded by downlink transmit power, and 2) other existing advanced uplink receiver technologies such as pilot cancellation can give even more power reduction gains, we still suggest 750Hz as an alternative to 1500Hz for uplink TPC update rate to align with the downlink direction.

[image: image10]
Simulations using uplink slot format#1(BTFD-based) were also conducted and the results are summarized in Table 3. As seen there is no impact by slower TPC rate to the required transmit power when the BTFD-based uplink slot format is used. 
Table 3 - Summary of uplink simulation results
	Scenarios
	Power reduction gain

(Compared with 1500Hz UL TPC + Slot format#0)

	Slot format 1
	0.7 dB

	750Hz UL TPC
	-0.1 dB

	Slot format 1 + 750Hz UL TPC
	0.7 dB


Observation 2: 750Hz is a good alternative rate to 1500Hz for both uplink and downlink transmit power control.
4
TPC with Optimized DPCH Slot Format
In R1-130331[2] removal of TFCI and pilot fields are proposed as a possible optimization to the existing DPCH slot formats. In this section, link level simulation results are shown to show the gain from the combination of pilot removal with different TPC rates in the downlink direction. 
Figure 7 illustrated the downlink power control loops for 1500Hz and 750Hz TPC rate based on uplink slot format #0 and new slot format #3 as proposed in R1-130331[2]. In case of 750 Hz TPC rate, the transmit power is updated every 2 slots, and the alignment of power update periods are done every two frames. As seen, the terminal estimates the quality of TPC fields of DL slot#12 and #13, and sends its TPC commands on UL slot#13. The base station then updates its transmit power on Data1 field of slot#0. In this case the TPC field of UL slot#14 can be reserved for further usage. The estimated overall roundtrip delay is 3 slots, and the estimation quality is expected to be improved due to the 2-slot time diversity. 
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Figure 7 - Illustration of downlink TPC loop at 1500Hz and 750Hz respectively with pilot removal
Figure 8 shows the simulation results on the required downlink transmit power in terms of DPCH Ec/Ior. As seen the combination of pilot removal and 750Hz TPC rate gives about 2 dB power reduction gains in all cases. Simulations over different active set size were also conducted and the results are summarized in Table 4. 
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Figure 8 - Required downlink DPCH Ec/Ior 
(1500Hz TPC rate vs. 750Hz TPC rate+Optimized DPCH slot format)
Table 4 - Summary of downlink simulation results
	Scenarios
	Power reduction gain

(Compared with 1500Hz DL TPC + Slot format#8)

	
	Single cell in active set
	2 cells in active set
	3 cells in active set

	1500 Hz DL TCP + Pilot removal
	1.3 dB
	1.2 dB
	1.2 dB

	750Hz DL TPC + Slot format#8
	0.6 dB
	0.4 dB
	0.3 dB

	750Hz DL TPC + Pilot removal
	1.9 dB
	1.5 dB
	1.4 dB


Observation 3: The combination of 750Hz TPC and pilot removal gives the most downlink transmit power reduction gain compared with the slot-based TPC. 
5
Conclusions

Based on Observation 1, 2 and 3 as described above, we propose RAN1 to discuss and simulate the performance of 750Hz transmit power control rate for both downlink and uplink, and capture the results and conclusion in the corresponding TR. 
Proposal: It is proposed that RAN1 discuss and simulate the performance of 750Hz transmit power control rate for both downlink and uplink, and capture the results and conclusions in the corresponding TR. 
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