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

· From e-mail discussion, it was concluded in uplink intra-cell power control as followed. 

· Closed-loop power control around a set-point obtained by open loop 
· Periodic (L1) or aperiodic updates (L1/L2) (FFS which to chose)

· Overhead analysis should be done for periodic and aperiodic updates as part of the email discussion.
Based on this agreement, in our view, it is clear that the choice between periodic and aperiodic updates depends on overhead analysis. 
We have compared periodic and gene aided aperiodic methods in [1]. In this contribution we consider realistic aperiodic method with aperiodic corrections sent to correct open loop estimate and compare it to the periodic scheme. 

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 typical for urban environment, D=10 m 

· Cell switching enabled during the simulation
· Periodic updates

· Based on a broadband pilot

· Transmitted as a hopping signal every 2 ms – it sounds the channel in 10 ms

· Aperiodic updates

· Based on data transmission

· Intra-TTI hopping enabled on data transmission

· Inter-TTI hopping for retransmissions

· Open loop power adjustment

· Enabled
· Inter-cell interference variations

· Modeled
Unlike the results presented in [1], we now consider varying interference under full buffer and bursty traffic scenario:

· Full buffer

· 30 UEs per cell – proportionally fair dynamic scheduling 

· Traffic model

· 30 UEs per cell – proportionally fair dynamic scheduling
· On-off model Markov model

· Average length of data burst: 40 ms

· Average length of silence: 360 ms    

3. Simulation Results
3.1. Typical Urban Channel – Hexagonal Layout
In Figure 1 and Figure 2, we show the CDF of the difference between the target and the measured UL SNR over the traffic channel for the two schemes. Only 30 km/h case is considered where both broadband pilot and CQI are considered.
Regardless of the uplink reference signal structure, periodic up/down power control provides for much tighter control of UL SNR.
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Figure 1

Hexagonal Layout – TU Channel – 30 kph
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Figure 2

Hexagonal Layout – TU Channel – 30 kph (CQI used as reference signal)

3.2. Flat Fading Channel – Hexagonal Layout
Figure 3 shows the CDF of the difference between the target and the measured UL SNR over the traffic channel for the two schemes. 
It is seen that the difference between periodic up/down and aperiodic PC could be very significant.
One can question the existence of such channels in larger bandwidth, but for smaller bandwidth (“1.25” MHz based numerology), such channels are fairly common.
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Figure 3

Flat Channel – 3 kph – Hexagonal Layout
3.3. Discussion 
In Table 1, we show the overhead due to aperiodic power control. As it can be seen from the table, aperiodic power control incurs an overhead similar to the periodic scheme. However, the SINR at the eNodeB receiver for the periodic updates is much tighter than for the aperiodic updates as shown in Figure 1, 2 and 3 for different scenarios. 
Table 1: Overhead due to aperiodic power control
	Message size = 40 bits
	TU 30 B-PICH
	TU30 – CQI
	Flat fading - full buffer

	Message frequency
	1msg/261ms – full buffer 1msg/242ms – on/off
	1msg/260 ms – full buffer
	1msg/272ms – 3 km/h 1msg/265ms – 30 km/h

	Overhead 
	153 bps – full buffer        165 bps – on/off
	153 bps – full buffer
	147 bps – 3 km/h             151 bps – 30 km/h


4. Conclusion
From the simulation results above, we propose to adopt the following for E-UTRA:
· Periodic uplink PSD updates sent by network
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