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1. Introduction and Background
In RAN4#38 simulation assumptions were agreed to evaluate the system impact of different HS-DPCCH phase discontinuity models [1]. One more HS-DPCCH phase discontinuity model was later added to the agreed scenarios as discussed on the HSDPA reflector [2]. 

In this document we provide simulations results based on the revised simulation assumptions [2]. 

2. Simulation Results
It was agreed to provide simulation results for the following two different scenarios related to the activity of UL DPDCH: 
· Full UL DPDCH activity

· DTX UL DPDCH
The results in this section are based on the agreed simulation assumptions [2], which are also reproduced in annex A.  

2.1.  Full UL DPDCH Activity

This scenario evaluates the demodulation performance of UL DCH (64 kbps) at the Node B receiver. The performance measure is the required Eb/No value to achieve 1% BLER target. The Eb/No value is measured as the total energy of the received DPDCH and DPCCH.  
In table 1 absolute Eb/No figures for AWGN and VA30 propagation conditions are represented by X and Y, respectively since relative degradation with respect to the reference scenario (no phase shift case) is of particular interest in this study. The maximum relative degradation compared to the reference case (no phase shift) is 0.2 dB for 90/dB and 300 per transition in both propagation conditions. This amount of degradation is not that significant.  
Table 1: UL DPDCH/DPCCH Eb/No [dB] with 100% DPDCH activity

	
	HS-DPCCH Phase Shift 

	
	0o/dB
	3o/dB
	60/dB
	90/dB
	300 per transition

	AWGN
	X
	X
	X+0.1
	X+0.2
	X+0.2

	VA30
	Y
	Y+0.1
	Y+0.1
	Y+0.2
	Y+0.2


2.2. DTX UL DPDCH
This scenario evaluates the detection performance of HS-DPCCH at the Node B in terms of ACK mis-detection and ACK false alarm. The performance measures are the required Eb/No values to achieve 1% ACK mis-detection probability and 1% ACK false alarm probability, respectively [3]. The Eb/No value is measured as the energy of the received HS-DPCCH. 
In table 2, U and V are the absolute Eb/No figures for ACK mis-detection case in AWGN and VA30 propagation conditions, respectively. The maximum relative degradation is 1.5 dB and 0.6 dB for 90 per dB phase shift scenario in AWGN and VA30, respectively. This amount of degradation is however considered significant on system level. 
HSDPA transmission the UL DPDCH carries vital uplink signalling such as, measurement reports, status reporting, RLC acknowledgement etc. Thus, DTX UL DPDCH scenario is both realistic and important for the overall system behaviour.
Table 2: HS-DPCCH Eb/No [dB] for ACK mis-detection (DPDCH = DTX)

	
	HS-DPCCH Phase Shift 

	
	0o/dB
	3o/dB
	60/dB
	90/dB
	300 per transition

	AWGN
	U
	U+0.2
	U+0.7
	U+1.5
	U+0.4

	VA30
	V            
	V+0.2
	V+0.2
	V+0.6
	V+0.2


In table 3, W and Z are the absolute Eb/No figures for ACK false alarm case in AWGN and VA30 propagation conditions, respectively. There was no impact of phase shift on the performance of false alarm at the Node B. This is due to the fact that false alarm occurs when HS-DPCCH is not active. Hence there is no observable impact of HS-DPCCH phase shift on Node B demodulation performance.
Table 3: HS-DPCCH Eb/No [dB] for ACK false alarm (DPDCH = DTX)

	
	HS-DPCCH Phase Shift 

	
	0o/dB
	3o/dB
	60/dB
	90/dB
	300 per transition

	AWGN
	W
	W
	W
	W
	W

	VA30
	Z
	Z
	Z
	Z
	Z


It is worth noting that the above simulations were also run by including 30 degrees random phase shift at the slot boundary to account for UL DPCH phase discontinuity requirements in section 6.8.4 [4]. However, this addition didn't affect the results.

3. Conclusions
In this document we have provided simulation results showing the impact of different UE HS-DPCCH phase discontinuity models at the Node B receiver. 

It has been observed that when UL DPDCH (64 kbps) is fully active, the maximum degradation in terms of Eb/No at the Node B is up to 0.2 dB. However, in case of DTX on UL DPDCH the relative degradation is 1.5 dB for 90 per dB HS-DPCCH phase shift model in AWGN. Also the performance loss is 0.6 dB for 90 per dB HS-DPCCH phase shift model in VA30. This level of loss is considerable on the system level, especially since UL DPDCH may not be active all the time as it carries signalling which is bursty. 

The results clearly indicate that for 30 degrees phase shift per HS-DPCCH transition case, the relative demodulation loss is up to 0.4 dB and 0.2 dB for AWGN and VA30 respectively. We believe this is an acceptable level for adequate system performance.   
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Annex A. Simulation Assumptions and Scenarios

Table A1: Simulation parameters

	Parameter
	Value

	UL DPCCH slot format
	0

	UL DPDCH
	64 kbps as defined in annex A.3 of TS 25.104

	UL DPDCH activity
	Two scenarios: 100% and 0% (DTX)  

	HS-DPCCH phase shift
	0, 3, 6, 9 degrees per dB and 30 degrees per HS-DPCCH  transition

	(c/(d
	8/15 (100% activity), 15/0 (0% activity)

	∆ACK
	30/15

	∆CQI
	24/15

	CQI feedback cycle k
	10 ms

	HS-DPCCH/DPCCH time offsets
	3 pilot symbols

	UL Power Control
	ON

	Propagation conditions
	AWGN,  VA30


Table A2 and table A3 list the HS-DPCCH signalling patterns for 100 DPDCH activity and DTX DPDCH cases respectively with phase shift based on power step size (i.e. 0, 3, 6 or 9 degrees per dB). Tables A4 and A5 represent the case of constant phase shift of 30 degrees per HS-DPCCH transition. A fragment of the patterns is given in Figure A6. 
   Table A2: HS-DPCCH signalling pattern (DPDCH activity = 100%)
	Power step slot boundary
	Power step size, P [dB]

	Start of Ack
	3

	Start of CQI
	-1

	End of CQI
	-2

	Start of Ack
	3

	End of Ack
	-3

	Start of Ack
	3

	End of Ack
	-3


Table A3: HS-DPCCH signalling pattern (DPDCH = DTX)
	Power step slot boundary
	Power step size, P [dB]

	Start of Ack
	7

	Start of CQI
	-1

	End of CQI
	-6

	Start of Ack
	7

	End of Ack
	-7

	Start of Ack
	7

	End of Ack
	-7


Table A4: HS-DPCCH signalling pattern (DPDCH activity = 100%)

	Power step slot boundary
	Power step size, P [dB]
	Phase discontinuity 

	Start of Ack
	3
	+30

	Start of CQI
	-1
	-30

	End of CQI
	-2
	0

	Start of Ack
	3
	+30

	End of Ack
	-3
	-30

	Start of Ack
	3
	+30

	End of Ack
	-3
	-30


   
Table A5: HS-DPCCH signalling pattern (DPDCH = DTX)

	Power step slot boundary
	Power step size, P [dB]
	Phase discontinuity

	Start of Ack
	7
	+30

	Start of CQI
	-1
	0

	End of CQI
	-6
	-30

	Start of Ack
	7
	+30

	End of Ack
	-7
	-30

	Start of Ack
	7
	+30

	End of Ack
	-7
	-30
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Figure A6. HS-DPCCH signaling pattern used in simulations

Annex B. Power Step Size Calculation
Table B1 and B2 present the power (true values) for DPCCH/DPDCH/HS-DPCCH and the power step values in each slot. In the tables, DPCCH is set to 1 (true value). 
Table B1: Power values and power steps for 100% DPDCH activity case
	Slot #
	-1
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	DPCCH Power
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	DPDCH Power
	3.52
	3.52
	3.52
	3.52
	3.52
	3.52
	3.52
	3.52
	3.52
	3.52
	3.52
	3.52
	3.52
	3.52
	3.52
	3.52

	HS-DPCCH Power
	0
	4
	2.56
	2.56
	0
	0
	0
	4
	0
	0
	4
	0
	0
	0
	0
	0

	Total Power
	4.52
	8.52
	7.07
	7.07
	4.52
	4.52
	4.52
	8.52
	4.52
	4.52
	8.52
	4.52
	4.52
	4.52
	4.52
	4.52

	Power step size [dB]
	0
	2.76
	-0.8
	0
	-1.95
	0
	0
	2.76
	-2.76
	0
	2.76
	-2.76
	0
	0
	0
	0


Table B2: Power values and power steps for 0% DPDCH activity case
	Slot #
	-1
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	DPCCH Power
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	DPDCH Power
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	HS-DPCCH Power
	0
	4
	2.56
	2.56
	0
	0
	0
	4
	0
	0
	4
	0
	0
	0
	0
	0

	Total Power
	1
	5
	3.56
	3.56
	1
	1
	1
	5
	1
	1
	5
	1
	1
	1
	1
	1

	Power step size [dB]
	0
	6.99
	-1.48
	0
	-5.51
	0
	0
	6.99
	-6.99
	0
	6.99
	-6.99
	0
	0
	0
	0
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(The power level is constant in this figure, but should be power-controlled in the simulations.)
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