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1.0 Summary

This contribution looks at the coverage impact when the HS-DPCCH and DPCCH/DPDCH are transmitted in the UL with and without PA back-off. Based on simulation results and taking into account [2] the views expressed at RAN we propose the definition of the maximum output power for HSDPA operation should be specified for values of[image: image1.wmf]hs
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2.0 Introduction
The HS-DPCCH is an uplink physical channel supporting HSDPA in Release 5 by transporting ACK/NAK and CQI information on a sub-frame (2ms TTI) basis. Introduction of this new code channel affects the peak to average (PAR) of the resulting signal and requires an additional PA back-off or for a more complex or larger power amplifier 

In this document we present our simulations results for the systems impact of PA back-off as requested by RAN inline with the simulation assumptions [1] presented at the RAN#23 meeting and on the RAN4 reflector (16/04/04). 

3.0 Simulation assumptions
The simulation assumptions are inline with [1] which is to quantify the impact for different TFCs when reducing the PA maximum power level to meet the ACLR and other requirements when the HS-DPCCH is transmitted in some scenarios. The methodology used is as follows
1) Choose a coverage reference TFC
 for determining minimum uplink cell coverage of deployed WCDMA system. 

a. Based on operator feedback, coverage is based on providing 64 kbps in the UL. Some examples of 64 kbps minimum coverage TFC than can be used to determine the UL coverage are:

i. PS 64 kbps, TTI= 10ms , 1.0%BLER (coverage reference TFC used in simulations)
ii. CS 64 kbps, TTI= 20ms , 0.25%BLER

iii. PS 64 kbps, TTI= 10ms , 1.0%BLER + DCCH

iv. PS 64 kbps, TTI= 10ms , 1.0%BLER+ DCCH

2) Choose TFCS including TFCs for speech and mix of data rates including coverage reference TFC 
a. TFCs are the set of allowed user bit rates allocated to the UE. Performance results are then determined for the proposed TFCs relative to the coverage reference TFC 

b. The proposed TFCs used in the simulations are; 1.95kbps (SID), 3.4kbps (DCCH), 12.2kbps (Speech), 12.2kbps (Speech + DCCH), 16kbps, 32kbps, 64kbps (coverage reference TFC), 128kbps, 256kbps and 384kbps. 
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 such that DPCCH Ec/Nt is the same across all TFCs while achieving the required per TFC DPDCH_Ec/Nt for a given BLER.

a. Normal operation is[image: image4.wmf]c
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 to be signalled to the UE by the network. In this case[image: image6.wmf]c
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 is selected to ensure a constant DPCCH_Ec/Nt (Pilot. TPC, TFCI) across all rates which is needed to ensure power control stability when switching between different rates (TFCs) including 12.2 kbps AMR speech. 
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=8 for the coverage reference TFC is the same as that specified in TS25.104 for the 64 kbps measurement channel
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from TS25.213 so that per TFC HS-DPCCH_Ec/Nt achieves the Target_Ec/Nt 
a. The coverage reference TFC has a zero[image: image12.wmf]hs
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while the other TFCS have a [image: image13.wmf]hs
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to achieve a HS-DPCCH Target_Ec/Nt
b. The Target_Ec/Nt of -19.5 dB is derived from link level simulations for various channel conditions and assumes 4 x repetitions of the ACK/NACK and CQI during SHO.
5) Compare per TFC Total_Ec/Nt to the coverage reference TFC (64 kbps) Total_Ec/Nt to get Delta_Ec/Nt
a. Total_Ec/Nt is the sum of DPCCH_Ec/Nt , DPDCH_Ec/Nt and HS_DPCCH_Ec/Nt
b. Delta_Ec/Nt is the difference for each TFC relative to the coverage reference TFC (64 kbps)

6) Compute for each TFC the Modified_Total Delta_Ec/Nt which is obtained by reducing the Total Delta_Ec/Nt with the PA back-off value corresponding to [image: image14.wmf]c
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 values obtained from PA back-off mapping table (see Table 1)
a. If a TFC Modified delta Ec/Nt is positive then coverage margin exists else there is coverage area reduction relative to reference TFC case.
b. If coverage area reduction is unacceptable adjust mapping table as needed (e.g. to include less PA back-off) and repeat procedure 6) until per TFC coverage meets the desired requirements (including acceptable current drain, battery life, heating).
4.0 PA back off assumptions

Lab measurements were undertaken in order to fully characterise the required back-off in order to maintain the same ACLR performance as specified in REL99. In this case, the back-off can be considered as the reduction in the maximum output powers. These results are shown in Figure 1
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Figure 1
These results are slight larger than shown previously since these are based in maintaining a higher ALCR (>33 dB). In a practical implementation you need to target a higher ACLR value to ensure the minimum ALCR value is maintained over voltage, temperature and antenna VSWR changes in normal operation. 
Based on [1] back-off is specified as a change in UE maximum output power as shown in Table 1 
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	Proposed back-off (dB)
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	-2 ( delta ( 0


Table 1: UE maximum output powers with HS-DPCCH

Table 1 show for (c/(d ( 12/15 there is no reduction in the maximum output power. Therefore based on the graph shown in Figure 1, a practical UE implementation would need to provide 1.1 dB of additional back off to maintain the same ACLR value as in REL99. 

5.0 System impact on back–off analysis
Using a REL99 64 kbps coverage reference TFC we consider the impact for lower data services as well as higher date rate services. Table 2 below shows the required Ec/Nt and gain factors for the TFCS used in the simulations 
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	C
	LT Ec/Nt_DPDCH combined 
	-19.4
	-20.6
	-24.5
	-26.9
	-19.4
	-16.7
	-13.9
	-11.0
	-7.7
	-5.4

	
	LT Eb/Nt_DPDCH combined
	4.5
	4.4
	6.0
	6.0
	4.4
	4.1
	3.9
	3.8
	4.0
	4.6

	
	
	
	
	
	
	
	
	
	
	
	

	D
	DPCCH_Ec/Nt
	-19.5
	-19.5
	-19.5
	-19.5
	-19.5
	-19.5
	-19.5
	-19.5
	-19.5
	-19.5

	
	DPDCH_Ec/Nt
	-19.5
	-20.7
	-23.9
	-26.1
	-19.5
	-16.8
	-14.0
	-11.5
	-8.0
	-5.5

	
	HS_DPCCH_Ec/Nt
	-19.5
	-19.5
	-19.5
	-19.5
	-19.5
	-19.5
	
	-19.5
	-19.5
	-19.5

	
	Total_Ec/Nt
before back-off (dB)
	-14.7
	-15.1
	-15.8
	-16.0
	-14.7
	-13.6
	-12.9
	-10.3
	-7.4
	-5.2

	
	
	
	
	
	
	
	
	
	
	
	

	E
	Back–off as table 1 (dB)
	1
	1
	1
	2
	1
	0
	0
	0
	0
	0

	
	Total_Ec/Nt margin including back-off (dB)
	+0.8
	+1.2
	+1.9
	+1.1
	+0.8
	+0.7
	0
	-
	-
	-


Table 2 simulation results 
These results show there is no negative coverage margin with respect to the 64 kbps reference coverage TFC. In particular 

a. A positive Total_Ec/Nt margin for a given service (TFC) implies that the coverage is better than the 64 kbps reference service which is used for deployment planning.
b. For rates higher including the 32 kbps service (no back off is required). These include the following TFCs 32 kbps, 64 kbps, 128 kbps, 256 kbps and 384 kbps.  Note for the 32kbps TFCs  with  no back-off is specified the Total_Ec/Nt margin is + 0.7 dB 
c. For subsequent lower rates the max back-off proposed is 1-2 dB and  in this case the Total_Ec/Nt margin after back-off is greater than + 0.7 dB
6.0 Coverage plots 

Table 3 below shows the cell radius increase for speech, 16Kbps, and 32Kbps data service when HSDPA is supported (HS-DPCCH) compared to a 64Kbps data service without HSDPA (no HS-DPCCH) given the PA back-off equations in Table 1 and the back-off results in Table 2.
Table 3 Cell Radius vs TFC relative to ‘64Kbps+No HSDPA’ reference coverage TFC
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Figure 2, Coverage plot based on HSDPA and no HSDPA results in Table 3.

7.0 Conclusion 

We propose that for all values of [image: image25.wmf]hs
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 defined in [TS25.214] the UE maximum output powers as specified in Table 4 are applicable in the case when the HS-DPCCH is fully or partially transmitted during a DPCCH timeslot. In DPCCH time slots, where HS-DPCCH is not transmitted, the UE maximum output power shall be unchanged

Table 4: UE maximum output powers with HS-DPCCH
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	Power Class 3
	Power Class 4

	
	Power (dBm)
	Tol (dB)
	Power (dBm)
	Tol (dB)

	1/15 ( (c/(d ( 12/15
	+24
	+1/-3
	+21
	+2/-2

	13/15 ( (c/(d ( 15/8
	+23
	+2/-3
	+20
	+3/-2

	15/7 ( (c/(d ( 15/0
	+22
	+3/-3
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	+4/-2
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9.0 Annex simulation assumption 
	Parameter
	Explanation/Assumption
	Comments

	User data rates in TFCS
	8, 16, 32, 64, 128, 256, 384 kbps with 10ms TTI
	

	Other TFCs in TFCS
	12.2Kbps AMR speech with 20ms TTI, 

3.4kbps DCCH (40ms TTI), 

1.95kbps SID (20ms TTI)
	Note speech can occur as part of a data + speech call or a speech only call.


Table A1 - TFCS information for the Rel99/Rel4/Rel5 reference case

To determine the corresponding long term Eb/Nt for each TFC, link level assumptions are given below in Table A.2.

	Parameter
	Explanation/Assumption
	Comments

	Channel coder
	Turbo 1/3
	

	Number of iterations for turbo decoder
	8
	

	Turbo decoder 
	Max Log MAP
	

	Channel models/

UE speed for channel model
	Pedestrian B / 3 km/h, 

Vehicular A / 30 km/h
	

	CL power control
	ON
	

	CL power control error rate
	4%
	


Table A.2 - General link level parameters

Table A.3 below gives the required Long Term DPDCH Eb/Nt (combined across both rx antennas) for 1% BLER, 10ms TTI, non-ideal channel estimation, 2 RX antennas, inner-loop and outer-loop power control enabled for the betas given below which corresponds to a DPCCH Ec/Nt of approximately -19.5dB.
	Channel conditions
	8
kbps
	16
kbps
	32
kbps
	64
kbps
	128
kbps
	256
 kbps
	384 

kbps

	AWGN
	4.28
	3.22
	2.87
	2.61
	2.44
	2.54
	2.90

	PA3
	4.56
	3.48
	3.13
	2.92
	2.76
	2.90
	3.31

	PB3
	5.69
	4.38
	4.07
	3.90
	3.76
	4.02
	4.61

	VA30
	6.10
	4.82
	4.54
	4.34
	4.22
	4.49
	5.10

	VA120
	6.47
	5.19
	4.91
	4.68
	4.53
	4.80
	5.43

	Note 
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Table A.3 - Simulated long term DPDCH Eb/Nts for different channel conditions for data TFCs:
	PB3 channel conditions
	16
kbps
	32
kbps
	64
kbps
	128
kbps
	256
 kbps
	384 

kbps

	LT Ec/Nt DPDCH combined
	-19.4
	-16.7
	-13.9
	-11.0
	-7.7
	-5.4


Table A.4 LT Ec/Nt_DPDCH combined for PB3 (Long Term DPDCH Ec/Nt combined across both rx antennas for PB3)




























































































































































� The term coverage reference TFC is used to indicate this terms is used to indicate a reference TFC used for the coverage evaluation in this document 
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