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1
Introduction
In RAN1 #47 and #47bis, there were preliminary discussions on uplink power control for E-UTRA. The following agreements were made in RAN1#47bis to move forward with the discussions:
· 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

In this document, we discuss these issues further and present our views.
2 
Summary

· Periodic closed loop operation while in LTE_ACTIVE
· Relying on the transmission of a wide band channel to be used as the reference channel for power control adjustments
· “Broadband pilot”, hereby named as BPICH [1]
· Also used to enable frequency selective UL transmissions

· Update rate is determined by the transmission rate of the  broadband pilot and the DRX setting at the UE in LTE_ACTIVE
· Configurable periodicity of BPICH per UE

· {25, 50, 100, 200} Hz

· Narrow band transmissions are not relevant as a power reference for transmissions using other frequency allocations (e.g. data vs. control frequency allocation)
· For DRX cycles beyond a certain value, UEs in LTE_ACTIVE are in a CPC substate, called as LTE_ACTIVE_CPC

· Such UEs use RACH procedure to get open loop power correction prior to transmissions on other UL PHY channels
· CQI and BPICH are no longer assigned to such UEs
· Power adjustments from the network come in the following ways:

· Power adjustment relative to RACH open loop transmit power, when RACH is used to access the UL

· “Multi-bit” power adjustment foreseen in Message 2 of the RACH procedure

· Power adjustments relative to last transmission of reference channel 
· Power adjustment sent on dedicated DL PHY channel for multiple users and in accordance to their respective DRX cycles

· Transmit PSD of all UL PHY channels is referenced to the PSD used for the reference channel

· PUCCH and PUSCH PSD offset is relative to BPICH

PUSCH PSD from a given UE is further adjusted based on load indicators from non-serving cells. This is discussed in a separate document [2] and [3].
3
Discussion

3.1
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. The agreement in RAN1#47bis whereby “Pure open loop UL power control only (i.e. without adjustments made by the network) is not sufficient” recognizes the necessity of having some means to perform a closed loop correction. 
3.1.1
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. This rate of change of shadowing sets forth the adjustment rate that is required to compensate the effect of the time varying shadowing. 
3.1.2
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.
Also note that the frequency location of the PUCCH may vary in time. The current RAN1 working assumptions imply a PUCCH transmission at the edges of the system bandwidth in the absence of data transmission or along with the PUSCH when there is data being transmitted at that TTI.  

Transmission over PUCCH does not benefit from HARQ and therefore if we rely on a power setting based on network corrections based on open loop transmissions, by the time that the network correction is received at UE the control channel may have already been transmitted. 

3.1.2.2
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.
Also note that current RAN1 discussions allow having frequency selective (selecting the most advantageous sub-band(s) for UL transmission) as well as frequency diverse (random FH across the entire system bandwidth) UL transmissions. This together with the fact that the control information may be transmitted along with the data transmission or on a dedicated portion of the system band makes it critical to be able to set the PSD of the UL transmission (especially that of the control information) at an adequate level at any time of transmission. 

3.1.3
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. 

4
Conclusions
We propose to adopt the points listed in Section 2 as the working assumption for E-UTRA specification.
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