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1
Introduction

A new study item “DCH Enhancements for UMTS” was approved in TSG-RAN#58 [1]. This contribution provides a text proposal on optimization of transmit power control rate and some preliminary link level simulation results to the Technical Report [2].

2
Text Proposal
--------------------------------------------------------- Start of text proposal 1----------------------------------------------------------

5
DCH Enhancements

5.1
Uplink Physical Layer Enhancements
5.1.x Uplink Transmit Power Control Rate Optimization

In current UMTS network both UL TPC and DL TPC are mostly operating at 1500Hz (UL PCA1 and DL DPC0), with 1-slot round trip delay for DL TPC and 2-slot round trip delay for UL TPC. However, frequent transmit power update is sometimes harmful to the system due to unreliable SNR estimation and frequent overshooting effects. One remedy is to reduce uplink TPC rate to 750Hz, so that 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 first frame of DTCH TTI. Another remedy is dynamic UL TPC, i.e. the terminal reduces the frequency of UL transmit power updates by ignoring the TPC commands transmitted at some predefined slots.
The detailed control of UL TPC depends on the position of TPC field in DL DPCH slot. In R1-131167[3], TPC positions are changed in some proposed new slot formats for DPCH slot formation optimization. For DL DPCH slot format #8 and the proposed new slot format #17, #18, the TPC field in DL DPCH is in the beginning of a slot, while for the proposed new slot format #19 and #20, the TPC field in DL DPCH is in the end of a slot. The details are described in the following sections.
5.1.x.1 UL TPC Rate Optimatization with DL DPCH Slot Format #8/#16/#17[3]
Figure 5.1.x.1 illustrates the UL TPC loop operating at 750Hz based on DL slot format #8/16/17[3] and UL slot format #0. As seen, the base station may estimates the quality of the pilot fields in UL slot #13 (and slot #12 for some reason), 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 (e.g. for indication of uplink frame early termination). The estimated overall round trip delay for the 750Hz UL TPC is now 3 slots, and the estimation quality is expected to be improved due to the 2-slot time diversity.
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Figure 5.1.x.1 Illustration of UL TPC at 750Hz (DL DPCH slot format#8 and UL DPCCH slot format#0)
Figure 5.1.x.2 illustrates the dynamic UL TPC loop based on DL slot format #8/16/17[3] and UL slot format #0. As seen, the design of dynamic UL TPC is based on the configured pattern of reserved slots every DTCH TTI. The terminal shall ignore the commands on TPC fields of those reserved slots in UL TPC processing. An example pattern of reserved slots can be set as slot #11, #13, #15,…,#25 in one DTCH TTI. In this case, the TPC fields in these slots are reserved for indication of uplink frame early termination. The terminal will not adjust the UL DPCH transmit power at slot #11, #13, #15,…,#25. 
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Figure 5.1.x.2 Illustration of dynamic UL TPC (DL DPCH slot format#8 and UL DPCCH slot format#0)

5.1.x.2 UL TPC Rate Optimatization with DL DPCH Slot Format #19/#20
Figure 5.1.x.3 illustrates the UL TPC loop operating at 750Hz based on DL slot format #19/20[3] and UL slot format #0.  As seen, the base station may estimates the quality of the pilot fields in UL slot #13 (and slot #12 for some reason), and sends its TPC command on DL slot#14. Then the terminal updates its transmit power on pilot field of UL slot#0. In this case, the TPC field of DL slot#13 can be reserved for further usage (e.g. for indication of uplink frame early termination). The estimated overall round trip delay for the 750Hz UL TPC is now 3 slots, and the estimation quality is expected to be improved due to the 2-slot time diversity.
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Figure 5.1.x.3 Illustration of UL TPC at 750Hz (DL DPCH slot format#20 and UL DPCCH slot format#0)

Figure 5.1.x.4 illustrates the dynamic UL TPC loop based on DL slot format #19/20 and UL slot format #0. As seen, the design of dynamic UL TPC is based on the configured pattern of reserved slots per DTCH TTI. The terminal shall ignore the commands on TPC fields of those reserved slots in UL TPC processing. An example pattern of reserved slots can be set as slot #11, #13, #15,…,#25 in one DTCH TTI. In this case, the TPC fields in these slots are reserved for indication of uplink frame early termination. The terminal will not adjust the UL DPCH transmit power at slot #12, #14, #16,…,#26. 
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Figure 5.1.x.4 Illustration of dynamic UL TPC (DL DPCH slot format#20 and UL DPCCH slot format#0)

5.2
Downlink Physical Layer Enhancements
5.2.x Downlink Transmit Power Control Rate Optimization
In current UMTS network both UL TPC and DL TPC are mostly operating at 1500Hz (UL PCA1 and DL DPC0), with 1-slot round trip delay for DL TPC and 2-slot round trip delay for UL TPC. However, frequent transmit power update is sometimes harmful to the system due to unreliable SNR estimation and frequent overshooting effects. Reducing downlink TPC rate to 750Hz is one remedy to address the above issue. Another solution is dynamic DL TPC, i.e. the terminal reduces the frequency of DL transmit power updates by ignoring TPC commands transmitted in some predefined slots.

The detailed control of DL TPC depends on the position of SINR estimation target field in DL DPCH slot. In R1-131167[3], the SINR estimation target field is changed by some proposed optimized DPCH slot formats due to pilot removal. For DL DPCH slot format #8 and the proposed new slot format #19 and #20, the SINR estimation target field in DL DPCH is in the end of a slot, while for the proposed new slot format #17 and #18 the SINR estimation target field in DL DPCH is in the beginning of a slot. The details are described in the following sections.

5.2.x.1 DL TPC Rate Optimatization with DL DPCH Slot Format #8/#19/#20[3]
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 slot format #8 (or TPC field in slot format #19/#20) right before the boundary of DTCH TTI.
Figure 5.2.x.1 illustrated the DL TPC loop operating at 750Hz based on DL slot format #8/19/20[3] and UL slot format #0. As seen, the terminal may estimates the quality of the pilot fields in DL slot #13 (and slot #12 for some reason), and sends its TPC command on UL slot#13. Then the base station updates its transmit power on pilot field of DL slot#14. In this case, the TPC field of UL slot#14 can be reserved for further usage (e.g. for indication of downlink frame early termination). The estimated overall round trip delay for the 750Hz DL TPC is now 2 slots, and the estimation quality is expected to be improved due to the 2-slot time diversity.
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Figure 5.2.x.1 Illustration of DL TPC at 750Hz (DL DPCH slot format#8 and UL DPCCH slot format#0)

Figure 5.2.x.2 illustrates the dynamic DL TPC loop based on DL slot format #8/19/20[3] and UL slot format #0. As seen, the design of dynamic DL TPC is based on the configured pattern of reserved slots per DTCH TTI. The terminal shall ignore the commands on TPC fields of those reserved slots in DL TPC processing. An example pattern of reserved slots can be set as slot #11, #13, #15,…,#25 in one DTCH TTI. In this case, the TPC fields in these slots are reserved for indication of downlink frame early termination. The terminal will not adjust the DL DPCH transmit power at the pilot field of slot #12, #14, #16,…,#26. 
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Figure 5.2.x.2 Illustration of dynamic DL TPC (DL DPCH slot format#8 and UL DPCCH slot format#0)

5.2.x.2 DL TPC Rate Optimatization with DL DPCH Slot Format #17/#18[3]
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 Data1 field from the boundary of DTCH TTI.

Figure 5.2.x.3 illustrates the DL TPC loop operating at 750Hz based on DL slot format #17/18[3] and UL slot format #0. As seen, the terminal may estimates the quality of the TPC fields in UL slot #13 (and slot #12 for some reason), and sends its TPC command on UL slot#13. Then the base station updates its transmit power on Data1 field of UL slot#0. In this case, the TPC field of UL slot#14 can be reserved for further usage (e.g. for indication of downlink frame early termination). The estimated overall round trip delay for the 750Hz DL TPC is now 2 slots, and the estimation quality is expected to be improved due to the 2-slot time diversity.
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Figure 5.2.x.3 Illustration of DL TPC at 750Hz (DL DPCH slot format#17 and UL DPCCH slot format#0)

Figure 5.2.x.4 illustrates the dynamic TPC loop based on DL slot format #17/18[3] and UL slot format #0. As seen, the design of dynamic DL TPC is based on the configured pattern of reserved slots per DTCH TTI. The terminal shall ignore the commands on TPC fields of those reserved slots in DL TPC processing. An example pattern of reserved slots can be set as slot #11, #13, #15,…,#25 in one DTCH TTI. In this case, the TPC fields in these slots are reserved for indication of downlink frame early termination. The terminal will not adjust the DL DPCH transmit power at Data1 field of slot #13, #15, #17,…,#27. 
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 Figure 5.2.x.4 Illustration of dynamic DL TPC (DL DPCH slot format#17 and UL DPCCH slot format#0)

--------------------------------------------------------- End of text proposal 1-----------------------------------------------------------
--------------------------------------------------------- Start of text proposal 2----------------------------------------------------------
10
Link Evaluation Results

10.1
Uplink Physical Layer Enhancements
10.1.x Uplink Transmit Power Control Rate Optimization
10.1.x.1 UL TPC Rate Optimatization for UL DPCCH Slot Format #0
This section shows the link simulation results for the TPC optimization as proposed in Section 5.1.x, and compared with the performance of legacy 1500Hz TPC. Simulation settings of 1500Hz TPC and legacy slot format are listed in Section 9. Additional simulation settings specific to new proposals are listed in Table 10.1.x.1. Pleased be noted that the performance of UL TPC rates is independent of DL DPCH slot formats in this simuation due to independency of , since the UL and DL link level simulations are independent. 
	UL TPC Rates
	TPC update
	Reservation Pattern

	TPC 1500Hz
	Per slot
	N/A

	Dynamic TPC
	Per slot except for reserved slots
	11,13,15,…,29

	TPC 750Hz
	Per 2 slots
	N/A


Table 10.1.x.1 Additional simulation assumptions for new proposals

Figure 10.1.x.1 shows the simulation results on UL DTCH BLER for different 1500Hz, 750Hz and dynamic TPC rates respectively. As seen the UL DTCH BLERs are similar among different UL TPC rates, except for the 10% difference in PA3 fader model between 750Hz TPC and 1500Hz TPC. As for dynamic TPC, the BLER performance is almost identical to that of 1500Hz TPC.
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Figure 10.1.x.1 UL DTCH BLER under various TPC rate (single link)
Figure 10.1.x.2 shows the results of cell-averaged TPC command error rate (CER). As seen, the TPC CER performance is improved by 10%~20% with slower TPC rates, which proves that slower TPC rate is harmless to the decoding of TPC commands.

[image: image10.jpg]TPC CER

UL 12.2kbps, No ET , TFCI

~ =~ -CER=0.04
TPC 1500Hz
—— Dynamic TPC
—&—TPC 750Hz

I I I I
PA3 PB3 VA30 VA120

Fader Models





Figure 10.1.x.2 TPC command error rate under various TPC rate (single link)

Figure 10.1.x.3 shows the results of transmit power consumption in terms of the required uplink DPCH Ec/No. As seen in Table 10.1.x.3 and Table 10.1.x.4, the power reduction gain from slower UL TPC rates (compared with legacy 1500Hz UL TPC rate) is about 0.1 dB in avarage. 
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Figure 10.1.x.3 Required UL DPCH Ec/No under various TPC rate (single link)

	
	Power Reduction Gain (dB)

	PA3
	0.0

	PB3
	0.0

	VA30
	0.2

	VA120
	0.0


Table 10.1.x.3 Power reduction gain for the UL Dynamic TPC over legacy UL 1500Hz TPC (single link)
	
	Power Reduction Gain (dB)

	PA3
	0.0

	PB3
	0.0

	VA30
	0.1

	VA120
	0.1


Table 10.1.x.4 Power reduction gain for the UL 750Hz TPC over legacy UL 1500Hz TPC (single link)
10.1.x.2 UL TPC Rate Optimatization for UL DPCCH Slot Format #1
This section evaluates the performance of UL TPC rate optimization together with the UL slot format optimization proposed in [3]. Link level simulation results for the TPC optimization and UL slot format #1 are presented and are compared with the performance of legacy 1500Hz TPC and UL DPCCH slot format #0. Simulation settings of 1500Hz TPC and legacy slot format are listed in Section 9. Additional simulation settings specific to new proposals are listed in Table 10.1.x.5. 

	UL TPC Rates 
	TPC update
	UL DPCCH slot format
	Reservation Pattern

	TPC 1500Hz
	Per slot
	#0 (TFCI)
	N/a

	Dynamic TPC
	Per slot except for reserved slots
	#1 (BTFD)
	11,13,15,…,29


Table 10.1.x.5 Additional simulation assumptions for new proposals

Figure 10.1.x.4 and Table 10.1.x.6 show the results of transmit power consumption in terms of the required uplink DPCH Ec/No. As seen, the combined power reduction gain is about 0.5 dB in avarage. 
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Figure 10.1.x.4 Required UL DPCH Ec/No comparisons (single link)

	
	Power Reduction Gain (dB)

	PA3
	0.25

	PB3
	0.60

	VA30
	0.35

	VA120
	0.50


Table 10.1.x.6 Power reduction gain for the UL Dynamic TPC + BTFD over legacy UL 1500Hz TPC + TFCI
10.2.x Downlink Transmit Power Control Rate Optimization

10.2.x.1 DL TPC Rate Optimatization for DL DPCH Slot Format #8
This section shows the link simulation results for the TPC optimization as proposed in Section 5.2.x, and compared with the performance of legacy 1500Hz TPC. Simulation settings of 1500Hz TPC and legacy slot format are listed in Section 9. Additional simulation settings specific to new proposals are listed in Table 10.2.x.1. 

	DL TPC Rates
	TPC update
	Reservation Pattern

	TPC 1500Hz
	Per slot
	N/a

	Dynamic TPC
	Per slot except for reserved slots
	11,13,15,…,29

	TPC 750Hz
	Per 2 slots
	N/a


Table 10.2.x.1 Additional simulation assumptions for new proposals

Figure 10.2.x.1 and Figure 10.2.x.2 show the simulation results on DL DTCH BLER for different 1500Hz, 750Hz and dynamic TPC rates respectively. As seen the DL DTCH BLERs are similar among different DL TPC rates, except for PA3 fader model in single link. Without multipath diversity, the BLER is not converged to 0.01 for single link PA3 model, not even for legacy 1500Hz DL TPC. Slower DL TPC rates failed to catch up the speed of single path fading. Dynamic DL TPC introduces slightly worse BLER performance than legacy one, while 750Hz DL TPC is about 15% worse than legacy DL TPC.
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Figure 10.2.x.1 DL DTCH BLER under various TPC rate (single link)
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Figure 10.2.x.2 DL DTCH BLER under various TPC rate (2-cell soft handover)

Figure 10.2.x.3 and Figure 10.2.x.4 show the results of cell-averaged TPC command error rate (CER). As seen the TPC CER performance are almost the same for various TPC rates, which proves that slower TPC rates is harmless to the decoding of TPC commands. 
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Figure 10.2.x.3 TPC command error rate under various TPC rate (single link)
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Figure 10.2.x.4 TPC command error rate under various TPC rate (2-cell soft handover)

Figure 10.2.x.5 and Figure 10.2.x.6 show the results of transmit power consumption in terms of the required downlink DPCH Ec/Ior. As seen in Table 10.2.x.3 and Table 10.2.x.4, the power reduction gain from slower DL TPC rates (compared with legacy 1500Hz DL TPC rate) is about 0.2 dB for single link and almost 0 for 2-cell soft handover. 
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Figure 10.2.x.5 Required DL DPCH Ec/Ior under various TPC rate (single link) 
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Figure 10.2.x.6 Required DL DPCH Ec/Ior under various TPC rate (2-cell soft handover)

	
	Power Reduction Gain (dB)

	Fader Models
	Single link
	2-cell soft handover

	PA3
	0.30
	0.14

	PB3
	0.00
	0.00

	VA30
	0.25
	-0.04

	VA120
	0.16
	0.01


Table 10.2.x.3 Power reduction gain for the DL Dynamic TPC over legacy DL 1500Hz TPC

	
	Power Reduction Gain (dB)

	Fader Models
	Single link
	2-cell soft handover

	PA3
	0.45
	0.18

	PB3
	0.10
	0.04

	VA30
	0.81
	0.15

	VA120
	0.28
	-0.17


Table 10.2.x.4 Power reduction gain for the DL 750Hz TPC over legacy DL 1500Hz TPC
10.2.x.2 DL TPC Rate Optimatization for DL DPCH Slot Format #17
This section evaluates the performance of DL TPC rate optimization together with the optimized DL slot formats proposed in [3]. Link level simulation results for the TPC optimization and DL slot format #17 are presented and are compared with the performance of legacy 1500Hz TPC and DL DPCH slot format #8. Simulation settings of 1500Hz TPC and legacy slot format are listed in Section 9. Additional simulation settings specific to new proposals are listed in Table 10.2.x.5. 

	DL TPC Rates 
	TPC update
	DL DPCH slot format
	Reservation Pattern

	TPC 1500Hz
	Per slot
	#8
	N/A

	Dynamic TPC
	Per slot except for reserved slots
	#17 (Pilot removal)
	11,13,15,…,29


Table 10.2.x.5 Additional simulation assumptions for new proposals

Figure 10.2.x.7 and Table 10.2.x.6 show the results of transmit power consumption in terms of the required downlink DPCH Ec/Ior. As seen, the combined power reduction gain is about 1.9dB for single link and 1.6dB for 2-cell soft handover. 
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Figure 10.2.x.7 Required DL DPCH Ec/Ior comparisons (single link)
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Figure 10.2.x.8 Required DL DPCH Ec/Ior comparisons (2-cell soft handover)

	
	Power Reduction Gain (dB)

	Fader Models
	Single link
	2-cell soft handover

	PA3
	2.1
	1.7

	PB3
	1.6
	1.5

	VA30
	2.3
	1.7

	VA120
	2.1
	1.5


Table 10.2.x.6 Power reduction gain for the DL Dynamic TPC + Pilot removal over legacy DL 1500Hz TPC

--------------------------------------------------------- End of text proposal 2-----------------------------------------------------------
3
Conclusions

Proposal: It is proposed to approve and capture the proposed text in the TR for DCH Enhancement for UMTS SI.
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