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1. Introduction
In RAN1 #48bis, the following was agreed:

· A-periodic UL power control adjustments (working assumption)

· For scheduled data

· PC adjustments are included in UL scheduling grants

· As consequence of the UL grant coming with the power adjustment, the UE can transmit immediately

· For non-scheduled data and PUCCH (e.g VoIP)

· FFS whether/how to send updates
Based on this agreement, in our view, it is clear that the choice between periodic and a-periodic scheme for controlling PUCCH depends on overhead analysis. 
In [1], we have considered link level analysis with respect to PUCCH power control. In this contribution we consider system level analysis and account for UE mobility and periodic transmission of uplink reference signals.  
2. Simulation Setup
We consider the following simulation setup:

· UE mobility modeled

· Time-varying shadowing

· UE moves around in the system layout

· Gudmundson’s model – decorrelation distance D=10 m (3km/h and 30 km/h) and D=50m (120 km/h).
· Cell switching enabled during the simulation
· Periodic updates

· Based on PUCCH transmissions with two options only
· Aperiodic updates

· Based on PUCCH transmissions with two options
· Open loop power adjustment

· Enabled
· Inter-cell interference variations

· Modeled
3. Simulation Results
3.1. Typical Urban Channel – Hexagonal Layout
In this section, we consider the performance of periodic and aperiodic power control strategies to control the UL SNR of PUCCH. In Figures 1-6, we show the CDF of the received SINR on PUCCH. We consider two different percentages of time activity for PUCCH, 100% and 30%. When PUSCH transmissions are scheduled, PUCCH is not active since the control channel information is multiplexed with data. As it can be seen from the following figures, as the activity of the control channel decreases, the performance of power control gets worse.
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Figure 1 – PUCCH – Hexagonal Layout – TU Channel – 3 kph – 100% PUCCH activity
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Figure 2 – PUCCH – Hexagonal Layout – TU Channel – 30 kph– 100% PUCCH activity
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Figure 3 – PUCCH – Hexagonal Layout – TU Channel – 120 kph– 100% PUCCH activity
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Figure 4 – PUCCH – Hexagonal Layout – TU Channel – 3 kph – 30% PUCCH activity
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Figure 5 – PUCCH – Hexagonal Layout – TU Channel – 30 kph– 30% PUCCH activity
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Figure 6 – PUCCH – Hexagonal Layout – TU Channel – 120 kph– 30% PUCCH activity
3.2. Discussion 
In Tables 1-3, we show the average time interval of the actual power control corrections needed for aperiodic power control. The CDF of the received SNR on the PUCCH is comparable between a-periodic and periodic schemes.
Table 1: Average time interval between two aperiodic power control corrections – TU 3
	PUCCH activity
	100%
	30%

	Average time interval for power control updates – aperiodic scheme (20 ms)
	63 ms
	149 ms

	Average time interval for power control updates – aperiodic scheme (10 ms)
	51 ms
	116 ms

	Average time interval for power control updates – periodic scheme
	1 bit per 10 ms
	1 bit per 10 ms


Table 2: Average time interval between two aperiodic power control corrections – TU 30
	PUCCH activity
	100%
	30%

	Average time interval for power control updates – aperiodic scheme (50 ms)
	73 ms
	233 ms

	Average time interval for power control updates – aperiodic scheme (20 ms)
	37 ms
	104 ms

	Average time interval for power control updates – periodic scheme
	1 bit per 10 ms
	1 bit per 10 ms


Table 3: Average time interval between two aperiodic power control corrections – TU 120
	PUCCH activity
	100%
	30%

	Average time interval for power control updates – aperiodic scheme (50 ms)
	84 ms
	 246 ms

	Average time interval for power control updates – aperiodic scheme (20 ms)
	41 ms
	114 ms

	Average time interval for power control updates – periodic scheme
	1 bit per 10 ms
	1 bit per 10 ms


As it can be seen from Tables 1-3, periodic power control scheme incurs less overhead than a-periodic scheme as long as the size of message containing a-periodic power control updates is more than 3-24 bits
.
4. Conclusion
From the simulation results above, we propose to adopt the following for E-UTRA:
· Periodic uplink PSD updates for PUCCH sent by the network
5. Reference

[1]   R1-072017, PUCCH Power Control – Link Level Analysis, Qualcomm, Kobe, Japan, May 2007.












































































� Depending on considered PUCCH activity. 
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