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1. Introduction

At RAN meeting #28 in June 2005, "Continuous Connectivity for Packet Data Users" was proposed as a new work item (RP-050337 [1]). Finally, "Continuous Connectivity for Packet Data Users" was approved as a new study item (SI) in RP-050391 [2] "to start with a Study Item for a short period, to present the merits on the techniques to be introduced". The finalization target for this SI was decided by RAN #28 to be Sep. 2005 (i.e. RAN #29). 
In [3] the “Proposal on how to realize Continuous Connectivity for Packet Data Users” is described in detail. This contribution here presents corresponding simulations of the power control behavior when applying an SIR target reduction in the uplink.

2. Simulations outline
In [3] it is assumed that during uplink and downlink inactivity of packet data users in the Cell_DCH state, the CQI reporting on the HS-DPCCH is switched off and the SIR target of the UL DPCCH is reduced i.e. power control enters the “reduced power mode” [3], moreover bearers are mapped only to HSDPA/E-DCH.

This contribution presents some simulation results showing how one can lower the UL DPCCH SIR target and still maintain stable inner loop power control.
We are starting from the following assumption: reducing the SIR target for the UL in the Node B will probably make the reception of the power control commands (TPC) on the UL DPCCH more erroneous, which in turn makes DL power control less reliable. Therefore the reception of the TPC on the F-DPCH may be more erroneous, requiring more downlink power. So the criterion to identify the maximum UL SIR target reduction is given by the increase of DL power per F-DPCH required to maintain a desired F-DPCH TPC error rate (4% is usually considered by RAN4), together with simultaneous checking the UL DPCCH TPC error rate.

Furthermore, we will show that even though inner loop power control acts in the reduced power mode, reactivation in the uplink is quite fast. 
3. Simulations assumptions

3.1. Channel model
The assumed channel is a Rayleigh channel with one path i.e. a flat fading channel at the carrier frequency of 2GHz, ideal channel estimation is applied. The user mobility is 3 km/h and 30 km/h. 
3.2. Timing

It is assumed that the UE is able to react to a TPC command with a power adjustment in the immediate next slot [4] and the Node B reacts with one more slot delay (it is assumed here to use the F-DPCH in the DL). It is also assumed that the UE and Node B are capable of generating a TPC command in the immediate next slot (in UL/DL) according to the SIR measurements of the previous slot in the DL or UL, respectively.
3.3. Downlink

The simulation assumptions for the downlink are listed in Table 1.  
Table 1 Downlink simulation assumptions 

	Parameter
	Value

	geometry
	-3dB, 3dB

	IOR – cell total transmit power
	43dBm

	DPCH_EC_MAX - maximum transmitted F-DPCH energy per PN chip
	30dBm

	DPCH_EC_MIN - minimum transmitted F-DPCH energy per PN chip
	5dBm

	Slot format
	F-DPCH - 2 TPC bits, SF 256

	Inner loop PC
	On, minimum delay 2 slots (DPC_MODE 0)

	Inner loop PC range
	25dB

	Inner loop PC step size
	1dB

	TPC error rate target
	4%

	Outer loop PC
	On (based on DL TPC errors)

	Outer loop PC step size
	0.3dB

	Outer loop PC frequency
	100Hz


3.4. Uplink

The simulation assumptions for the uplink are listed in Table 2. 

Table 2 Uplink simulation assumptions

	Parameter
	Value

	DPCCH_EC_MAX – maximum transmitted DPCCH energy per PN chip
	Not limited

	DPCCH_EC_MIN - minimum transmitted DPCCH energy per PN chip
	Not limited

	Slot format
	2 TPC bits, 8 Pilot bits-(slot format 1 [5]), SF 256

	Inner loop PC
	On, minimum delay 1 slot (PC algorithm 1)

	Inner loop PC range
	Not limited

	Inner loop PC step size
	1dB

	Outer loop PC
	Off

	RX diversity
	Reception with two antennas 


Inner loop power control is not limited in the uplink; it is irrelevant to check if the maximum UE power is not exceeded when it is in the reduced power mode anyway.

4. Simulations results

Figure 1 shows the transmitted F-DPCH energy per PN chip over the total transmit power versus the UL DPCCH SIR target for the geometries of -3dB and 3dB (at the DL TPC error rate of 4%). Figure 2 shows the UL TPC error rate versus the UL DPCCH SIR target for the same geometries. Figure 1 and Figure 2 are at the user velocity of 30km/h. The UL DPCCH SIR target in the following figures indicates the SIR target value from which you start in the active phase, as well as the reduced SIR target in the inactive phase.  
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Figure 1 DL F-DPCH_EC/IOR vs. UL DPCCH SIR target
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Figure 2 UL TPC error rate vs. UL DPCCH SIR target 
Figure 3 shows the transmitted F-DPCH energy per PN chip over the total transmit power versus the UL DPCCH SIR target for the geometries of -3dB and 3dB (at the DL TPC error rate of 4%). Finally, Figure 4 depicts the relation between the UL TPC error rate versus the UL DPCCH SIR target for the same geometries. Figure 3 and Figure 4 are at the user velocity of 3km/h.   
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Figure 3 DL DPCH_EC/IOR vs. UL DPCCH SIR target
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Figure 4 UL TPC error rate vs. UL DPCCH SIR target 
Figure 5 shows the mean ramp up time (the standard deviation is 3ms) required by inner loop power control to ramp up the UL DPCCH power to match the initial UL DPCCH SIR target when restoring the UL SIR target lowered to -10dB to the respective initial value, the geometry is -3dB, the user velocity is 30km/h.
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Figure 5 Reactivation time vs. UL DPCCH SIR target
5. Conclusion
Considering fixed reference channels (FRC) for E-DCH discussed in RAN4 [6], [7] usual UL DPCCH SIR target values are in the range of 1 to 13dB (can be derived from Ec/No values) depending on the different services. The higher the E-DCH bit rate, the higher the UL DPCCH SIR target.

From Figure 1 (30km/h) and Figure 3 (3km/h) it can be seen that when lowering the UL DPCCH SIR target down to -5dB, the transmitted F-DPCH energy per PN chip required to maintain the DL TPC error rate at 4% does almost not increase (change <0.25dB). This means that despite of UL TPC errors of about 15% the DL inner loop power control is kept stable although the SIR target for the UL DPCCH is reduced.

Depending on what the initial UL DPCCH SIR target value was, the simulations show that even higher UL noise rise reductions than 6dB (i.e. factor 4) per user are possible if the initial SIR target was above 0dB.

The total reactivation time includes the ramp up time. From the simulations it can be seen that this ramp up time is on average below 20ms (depending on the initial UL SIR target). For realistic UL SIR target reductions (e.g. about 6dB) it can be assumed that this ramp up is finalized before a first HARQ retransmission. So this means that the considered requirement for the reactivation delay (lower than 50ms) can be fulfilled.
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