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1
Introduction
In R1 #47, there was a preliminary discussion on uplink power control and interference management in E-UTRA. 
In this document, we discuss these issues further and present our views.
2
Discussion

2.1
Necessity of Uplink Power Control
In an orthogonal uplink, there is no intra-cell user interference. However, each UE’s uplink Tx power or power spectral density must be adjusted to combat at least the following:
· Time varying shadowing

· Interference variation from adjacent cells

· Dynamic range of Rx PSD from multiple intra-cell users
In the absence of any explicit uplink power control mechanism available at the network, the system performance can be severely degraded.

2.1.1
Time Varying Shadowing

The shadowing loss typically varies in a slow manner and needs to be compensated. In certain channels such as urban canyons, the shadowing rise/fall can be higher, ranging up to 100 dB/sec. 

Assuming a 1 dB step size, this implies that the UE needs to adjust it’s transmit power at least at 100 Hz.
2.1.2
Inter-Cell Interference Variation
There have been frequent comparisons between E-UTRA and GSM on the topic of inter-cell interference variation. While both systems are orthogonal in the uplink, we observe two major differences between these two systems:

2.1.2.1
Frequency Reuse

The design of E-UTRA is such that it should work in a reuse 1 scenario, where variations in adjacent cell interference impact the performance at cell edges. Uplink interference coordination, while an interesting feature, is not mandated within the E-UTRA system design. This is different from GSM, which is effectively deployed with a large frequency reuse system.
2.1.2.2
Scheduling

In E-UTRA, the uplink scheduler is cell or at most site specific. This implies that a serving cell scheduler cannot directly control the neighboring cell UEs’ transmissions. This is different from GSM wherein the scheduling is centralized and one can potentially schedule UEs across cells in a coordinated manner.
2.1.3
Rx PSD

With a LFDM waveform, the impact of intra-cell inter user ICI is seen only at the edge of allocated bandwidth. To avoid any significant inter-user interference, it is important to maintain the Rx PSD of all intra-cell users within a certain dynamic range. 

2.2
Uplink Power Control Algorithm

2.2.1
Algorithm Description

In this section, we propose an uplink power control algorithm that addresses the issues outlined in section 2.1.
Intra Cell Power Control – Reference Signal
· Closed loop scheme
· Based on the Rx SNR of the broadband pilot and a target SNR (derived from target QoS), each cell transmits Tx power up/down commands for every UE in LTE_ACTIVE state

· The UP/DOWN commands are transmitted in the DL using L1 signaling

· The UE accordingly increases/reduces its Tx power on the reference signal

· The intra-cell power control rate is at most 500 Hz

Intra Cell Power Control – PUSCH and PUCCH
Each UE transmits the PUSCH and PUCCH with a power spectral density (PSD) offset relative to the reference signal:
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Inter Cell Power Control
· Each cell broadcasts its uplink inter-cell interference level (busy or not)
· Each UE decodes the busy bit(s) from adjacent non-serving cells
· The busy bit is weighted appropriately by the relative non-serving cell pathloss, either by network or UE
· Depending on the weighted busy bits from neighboring cells, the PSD offset of PUSCH is increased, sustained, or reduced
· The PSD offset of PUCCH is unchanged
2.2.2
Algorithm Features
The algorithm outlined in section 2.2.1 has the following features:

· Each UE’s reference signal transmit power is set at the appropriate level
· Target SNR is either fixed or slowly adapted based on target PUCCH QoS (outer loop)

· Cell interior UEs transmit at lower power on reference signal and PUCCH, causing less inter-cell interference
· Each UE’s data signal transmit PSD is set depending on its location in cell
· For cell interior UEs, the data PSD offset is higher, allowing for higher data rate transmission
· Non-serving cell path losses are higher and therefore weighted less in the busy bit computation
· Each UE responds faster to rises in adjacent cell interference

· UE monitors L1 signals from adjacent cells as opposed to backhaul based adjustment by serving cells
2.3
Miscellaneous Issues
2.3.1
Closed Loop (CL) vs. Open Loop (OL) Power Control

There has been some discussion on the utility of open loop PC for PUSCH and PUCCH, similar to what is done in the first preamble transmission of RACH. However, open loop PC implies that the UE is susceptible to measurement errors. The large measurement uncertainty has a significant impact on the PUCCH link budget computation.

In our view, this is an inferior solution compared to a simple closed loop scheme, wherein the UE adjusts its reference signal Tx power based on feedback from the serving cell.

2.3.2
L1 vs. L3 Signaling for CLPC

In the L1 signaling based CLPC, the serving cell transmits 1-bit UP/DOWN commands to each UE in a physical channel containing uplink PC commands (UPCCH – Uplink Power Control Channel).
L3 signaling involves an unnecessary additional overhead of PDCCH, since the commands would have to be transmitted on PDSCH.
3
Conclusions
We propose to adopt the closed loop power control algorithm outlined in section 2.2.1 for E-UTRA.
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