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1
Introduction

This paper goes over the link level impact of gating the DPCCH in the UL of UTRA during inactive periods (no data transmission). [1] and [2] went over different gating patterns for DPCCH during active data transfers characterizing the link performance in terms of BLER for the E-DPDCH and E-DPCCH and taking into account realistic simulation settings (HARQ enabled, realistic channel estimation, TTL, FTL…). 

2
Simulation Assumptions

This section goes over the assumptions for the link-level simulations.
· Channel estimation: Realistic. Non-causal FIR filter over 4 slots: same channel estimation used for non-gated DPCCH simulations as well as DPCCH gated simulations.

· Time Tracking: 1st order loop. Same loop gain for DPCCH non-gated sims as well as DPCCH gated simulations. The time tracking loop is taking into consideration the code Doppler to assess any synchronization issue for long gating periods.

· Frequency Tracking: 1st order loop. Same loop gain for DPCCH non-gated sims as well as DPCCH gated simulations. The initial frequency error is set to 200 Hz.

· UL Power Control: UE transmit power adjusted just over the non-gated periods, over the gated periods the transmit power is on hold. 

· Outer loop: enabled and based on a target Pilot symbol error rate.

· Channel models: PA3, VA120. 

· Data activity: none 
· DPCCH slot format: 0,   (6 pilot symbols out of 10 symbols)

· Gating patterns: 

· 0% gating: continuous DPCCH transmission
· 50% gating: DPCCH transmitted over 2 HARQ processes every 8. Transmitted with 2-slot preamble and 1-slot postamble
· 75% gating: DPCCH transmitted over 1 HARQ process every 8. Transmitted with 2-slot preamble and 1-slot postamble.
· 87.5% gating: DPCCH transmitted over 1 HARQ process every 16. Transmitted with 2-slot preamble and 1-slot postamble.
3
Simulation Calibration
Since there is no active data transfer, the outer-loop power control cannot be based on E-DPDCH BLER. However, having some means to do outer-loop power control is seen necessary to adequately model link level performance as the converged inner-loop power control set-point depends on e.g., the particular channel power/delay profile and vehicle speed – and in a wireless system the channel conditions may change during the course of a data connection. 

Therefore, instead of freezing the outer-loop power control for these simulation over inactive data transfer, as introduced in section 2, the outer-loop power control for the presented simulations is based on Pilot symbol error rate (SER).

Tables 1-4 show calibration data showing the performance of an outer-loop power control based on E-DCH BLER and on the Pilot SER for an active data transfer. The verification is performed for a number of channel models and T/P operating points.

 
	 
	Eb/Nt
	Pilot Ec/Nt
	E-DPDCH BLER
	Pilot SER

	BLER based outer loop
	0.28
	-23.86
	0.0104
	0.0588

	Pilot SER based outer loop
	0.22
	-24.08
	0.0113
	0.0613


Table 1. PedA3 channel model without TTL FTL, Max 3ReTX target rate 49.3 kbps, T/P=9
 
 
	 
	Eb/Nt
	Pilot Ec/Nt
	E-DPDCH BLER
	Pilot SER

	BLER based outer loop
	1.18
	-25.91
	0.01030
	0.090754

	Pilot SER based outer loop
	1.16
	-25.98
	0.01080
	0.092509


Table 2. PedA3 channel model without TTL FTL, Max 4ReTX target rate 16 kbps, T/P=7
 
 
	 
	Eb/Nt
	Pilot Ec/Nt
	E-DPDCH BLER
	Pilot SER

	BLER based outer loop
	3.82
	-22.48
	0.01040
	0.01275

	Pilot SER based outer loop
	3.83
	-22.52
	0.00801
	0.01277


Table 3. Va120 channel model without TTL FTL, Max 4ReTX target rate 16 kbps, T/P=7
 
 
 
	 
	Eb/Nt
	Pilot Ec/Nt
	E-DPDCH BLER
	Pilot SER

	BLER based outer loop
	2.73
	-20.59
	0.0104
	0.00735

	Pilot SER based outer loop
	2.71
	-20.58
	0.0073
	0.00712


Table 4. Va120 channel model without TTL FTL, Max 3ReTX target rate 49.3 kbps, T/P=9
 
From the results above, we can see that the outer-loop power control method based on Pilot SER yields practically the same result as the traditional outer-loop power control method based on E-DPDCH BLER. Therefore, given that over inactive periods there will not be sufficient packets to base the outer-loop power control on the E-DPDCH BLER, the Pilot SER method appears to be a viable alternative. 

3
Simulation Results
The following tables present results for the scenarios considered. The Tables show:

· Pilot Ec/Nt (Ecp/Nt).

· Effective Pilot Ec/Nt (Eff. Ecp/Nt): normalized to the effective transmission ratio of DPCCH.

Results with no Code Doppler
The results in this subsection assume the paths of the traffic models under investigation to remain at a fixed time offset for the entire simulation length. Note that this is an unrealistic assumption as the UE speed will create Code Doppler that will skew in time the receive chips. Performance with Code Doppler is investigated in the next subsection.
Tables 5-6 present the performance of DPCCH demodulation for continuous reception (no gating) and three DPCCH gating levels. 
	Results in dB
	No gating
	Gating 50%
	Gating 75%
	Gating 87.5%

	Ecp/Nt
	-24.83
	-24.72
	-24.29
	-23.50

	Eff. Ecp/Nt
	-24.83
	-27.72
	-30.29
	-32.50


Table 5. PedA3 channel model with TTL FTL, no code Doppler
	Results in dB
	No gating
	Gating 50%
	Gating 75%
	Gating 87.5%

	Ecp/Nt
	-21.27
	-21.18
	-21.11
	-21.03

	Eff. Ecp/Nt
	-21.27
	-24.18
	-27.11
	-30.03


Table 6. VA120 channel model with TTL FTL, no code Doppler
Table 7 summarizes the performance gain of DPCCH gating for the three different DPCCH gatings. 
	Results in dB
	Gain gating 50% over 0% gating
	Gain gating 75% over 0% gating
	Gain gating 87.5% over 0% gating

	PA3
	2.89
	5.46
	7.67

	VA120
	2.91
	5.84
	8.76


Table 7. DPCCH gating gain with TTL FTL, no code Doppler
From the results in Table 7, the gains of DPCCH gating over inactive periods grow for larger gating periods. As we can see the gains for VA120 are very close to the ideal gains of 3dB, 6dB and 9dB for 50%, 75% and 87.5 gating respectively. 
Results with Code Doppler
The results in this subsection assume take into account Code Doppler and therefore the DPCCH chips will skew over time. 
Tables 8-9 present the performance of DPCCH demodulation for continuous reception (no gating) and three DPCCH gating levels.
	Results in dB
	No gating
	Gating 50%
	Gating 75%
	Gating 87.5%

	Ecp/Nt
	-24.83
	-24.69
	-23.87
	-23.39

	Eff. Ecp/Nt
	-24.83
	-27.69
	-29.87
	-32.39


Table 8. PedA3 channel model with TTL FTL, code Doppler
	Results in dB
	No gating
	Gating 50%
	Gating 75%
	Gating 87.5%

	Ecp/Nt
	-20.92
	-20.29
	-20.06
	-19.17

	Eff. Ecp/Nt
	-20.92
	-23.29
	-26.06
	-28.17


Table 9. VA120 channel model with TTL FTL, code Doppler
Table 10 summarizes the performance gain of DPCCH gating for the three different DPCCH gatings. 

	Results in dB
	Gain gating 50% over 0% gating
	Gain gating 75% over 0% gating
	Gain gating 87.5% over 0% gating

	PA3
	2.86
	5.03
	7.56

	VA120
	2.37
	5.14
	7.25


Table 10. DPCCH gating gain with TTL FTL, code Doppler
From the results in Table 10, the gains of DPCCH gating over inactive periods grow for larger gating periods. As we can see, now the gains are further away from the ideal gains of 3dB, 6dB and 9dB for 50%, 75% and 87.5 gating respectively. 
4
Conclusions

This document has analyzed the impact of DPCCH demodulation over inactive periods with a realistic receiver (outer-loop power control not based on non-existing data blocks, FTL, TTL and realistic channel estimation) and adding realism to the channel models with the incorporation of Code Doppler into the simulations. 

This contribution complements the results presented in [1] and [2] for DPCCH gating over active periods (limiting the HARQ interlaces for transmission). Unlike the results in [1], for the gating patterns that have been studied in this document, the maximum saving in noise rise contribution are achieved for the larger gating patterns. 
Synchronization considerations set a limit on the maximum DPCCH gating that we want to allow, therefore, the 87.5% gating (1 out of 16 processes is left enabled) provides large gains without compromising the synchronization procedures at the Node-B. 

Link level gains in the vicinity of 7dB over inactive periods yield a 5 fold reduction in average overhead caused by inactive users. Depending on the activity factor, this gain may be interpolated to overall system capacity gains (e.g. 50% long-term activity would yield to an overall 2.5 fold capacity improvement).

As a result, DPCCH gating appears as an attractive concept to support as part of the ConCon WI. 
The results presented in this document are recommended to be captured into [3].  
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