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1. Introduction
In RAN1 #47-bis, the following was agreed:

· Basic power control mechanism: slow power control (not faster than 200Hz, with a-periodic PSD updates (FFS whether a-periodic PSD updates will be agreed) the power control rate may temporarily be higher than 200Hz). 

· PSD is controlled.

· Pure open loop UL power control only (i.e. without adjustments made by the network) is not sufficient

Based on this primitive agreement, in our view, the main questions to be answered are the following:

· Are the PSD updates periodic or aperiodic?

· How do we guarantee QoS on bursty transmissions?

· Uplink ACK is sent in response to downlink data transmissions
· Short packet transmissions with stringent latency requirements
· What is the downlink cost of sending periodic vs. aperiodic updates?

While several companies have expressed their opinions on the reflector and have shown simulation results, we believe that one needs to truly account for the dynamics of intra-cell power control:
· Time-varying shadowing needs to be modeled in simulations

· One of the stated objectives of power control is to invert shadowing losses
· Simulation results without time-varying shadowing do not reveal any meaningful insight

In this document, we compare two UL power control schemes:
· Open loop power control with periodic updates
· 200 Hz

· 1-bit UP/DOWN command sent every 5 ms
· Open loop power control with aperiodic updates
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 every 5 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

· Disabled
3. Simulation Results
3.1. Typical Urban Channel – Hexagonal Layout
In Figures 1 and 2, we show the CDF of the difference between the target and the measured UL SNR over the traffic channel for the two schemes. 
It is clear that periodic up/down power control provides for tighter control of UL SNR.
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Figure 1 

Hexagonal Layout - TU Channel – 3 kph
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Figure 2

Hexagonal Layout – TU Channel – 30 kph
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 is much larger.
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.

[image: image3.emf]-15 -10 -5 0 5 10

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

dB

CDF

UL SNR delta

 

 

Periodic Adjustments

Aperiodic Adjustments


Figure 3

Flat Channel – 3 kph – Hexagonal Layout
3.3. Discussion 
In practice, open loop power control will never be ideal due to:

· Varying other cell interference

· Not modeled in these simulations

· DL signal strength measurement errors
· Not modeled in these simulations

With aperiodic updates, one could attempt to compensate for the impact of varying interference and measurement errors through inefficient message based signalling – resulting in large DL system overhead. 
However, it is absolutely unclear, how one can ensure QoS on bursty transmissions, when the UE has not transmitted any signal over a long period of time.

With periodic up/down updates, one copes with these issues with efficient periodic single-bit per UE signaling. Further, as seen from the simulations, periodic updates provide for a much tighter SNR distribution.   
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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