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1 Introduction
Power control is in-essence an RRM function and it is natural therefore that differing views exist between companies regarding which scheme is most suited to their intended modes of operation.

We consider that in order to allow for diversity of implementation without excessive constraint, the following principles should apply:

· Ultimate control resides within the network

· Non-prescribed UE-specific behaviours should be minimized such that:

· Behaviour is predictable

· UE testing is minimised

· Standardisation should be kept to the minimum required
With this is mind, in this document we propose a framework within which it is hoped multiple UL power control RRM strategies may be employed with the minimum degree of standardisation.
2 Objectives / Principles
We consider the following four objectives to be of paramount importance:

1. The primary objective of power control in E-UTRA is to ensure that intra-cell and inter-cell interferences are managed according the RRM policy of the network.
2. A secondary objective of power control is (in conjunction with the link adaptation/scheduling function) to maintain a target HARQ set-point (BLER).  This criterion is constrained by the primary objective above.
3. A third objective of power control in E-UTRA is for it to be operable with minimum signalling overhead and in situations where signalling feedback may be intermittent or non-existent.  This is required in order to support a large user population with quasi-instantaneous access to physical resources as stated in 25.913 [1].  For such large user populations and in the presence of continuous feedback, either the amount of physical resources used for signalling becomes excessive, or the periodicity of update becomes too infrequent.  Thus, the requirement of [1] cannot be met in the presence of continuous feedback and discontinuous feedback must be assumed.
4. Lastly, changing UL grant parameters should not significantly impede the ability of the power control loop(s) to track the underlying propagation and environmental effects (e.g. pathloss, shadowing, interference changes, changes in channel speed, multipath etc…).
In our opinion, these objectives lead to the following desirable features
· that UE behaviour is known and predictable, excluding any non-prescribed UE-based procedures

· it must be possible for the network to have direct closed loop control of the UE power

· outer-loop control to achieve the HARQ set-point should reside within the network

· uplink power control must at least in part be based on open loop principles such that it may continue to operate throughout any temporary absence of feedback
· the amount and update rate of any feedback signalling should be responsive to the activity of the user

· power control processes used to track propagation effects should be operable independently from any additional power adjustments that are needed on a per-grant basis to respond to scheduler assignments of bandwidth or modulation/coding rate

3 Proposal
A scheme is presented here which it is felt meets the objectives set out in section 2.
The scheme has an open loop component residing in the UE, a closed loop component with binary feedback (cumulative) signalling, and per-grant adjustments linked to the assigned MCS which are known to both the UE and the eNB.

Power spectral density (PSD) is controlled rather than absolute power in order that the assigned bandwidth does not need to be explicitly considered (apart from in any calculation to determine UE power headroom which must be absolute-power based).

3.1 Open Loop Component
This is a UE-based process based on the pathloss observed to the serving cell.  The UE is provided by the network with:

· a target nominal PSD that the UE should try to achieve at the eNB receiver (PSDRx).  The target is signalled on a very slow (semi-static) or static basis.

· the cell’s common reference signal power level (Pref).

The UE uses the downlink reference signals to measure the received reference signal power level and calculates the pathloss (L) using Pref.  In some cases there will be a need for time-domain filtering of the pathloss (such cases include any circumstance in which the measured instantaneous pathloss is not representative of the actual UL pathloss at the time that the Tx PSD calculation will apply (i.e. the time of uplink transmission).

Filtering will usually be needed in the case of FDD due to the lack of reciprocity in the radio link.  For TDD, filtering is required for higher channel speeds.  The UE is generally in the best position to determine the general rate of change of pathloss and hence the degree of filtering required given that multiple instances of the common reference signals are available.

In either case, the UE generates a filtered pathloss estimate Lfilt and calculates the open loop Tx PSD to meet PSD Rx, e.g:
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3.2 Closed Loop Component
A simple binary feedback accumulation loop is used to enable the eNB to control the UE Tx PSD.  The eNB sends up/down TPC commands which are accumulated by the UE according to a step size (e.g. configured by the network).  The accumulated value is denoted here Δclosed:
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The closed loop component can be used by the system designer in many ways.  For example, it can be used to adjust for any of the following, or combinations thereof:
· interference changes

· channel speed, type, multipath

· HARQ set-point / BLER (i.e. outer-loop control)

· intercell interference control (or this can be achieved via control of the granted MCS)

· open loop error

· a change in the effective open loop set-point (or via semi-static reconfiguration of the target Rx PSD)

· etc…

It is preferred that feedback for the closed loop component is contained within the L1/L2 control channel containing the uplink grant.  In this way, users who are active naturally receive a closed-loop update, whereas those who are inactive do not require a closed loop update and are not sent one.  This supports operation with a large user population with minimal signalling overheads.

3.3 Grant Component
To try to ensure that the received SNIR is appropriate for the assigned modulation and coding rate, the Tx PSD will also need to be in some way responsive to the assigned MCS.  This could be achieved via a specific signalling of a multi-level power “grant” within the L1/L2 control channel that is to be used for the present assignment.  However, this does consume additional downlink resources and in some ways replicates a part of the closed loop control described in section 3.2.
As such, it is thought that the simplest approach is to use Tx PSD adjustments per MCS ((MCS) which are known by both the UE and the eNB (in a very similar manner to the ( factors used in existing UTRA specifications for uplink).  These are set by the network on a static or semi-static basis.  As such, the network retains full control of the relative differences in PSD across the range of MCS.
Because the (MCS values are known to both the UE and eNB, and because the eNB has full knowledge of the used MCS (the UE must obey the MCS in the assignment), the eNB may “renormalize” the received PSD by the (MCS value in order to compare a resulting Rx PSD with a desired level determined by the network.  In this way, the closed loop component of section 3.2 can operate independently of the scheduled MCS assignments.
Furthermore, because the (MCS values are linked to the assigned MCS, there is no need for additional uplink or downlink signalling to support the Tx PSD adjustments for MCS.
3.4 Overall Tx PSD Calculation
The final Tx PSD calculation is determined in the UE as the logarithmic sum of the open loop component, the closed loop component and the grant component such that:
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4 Conclusion

A basic framework for uplink power control has been presented.  We hope that agreement can be reached on the following aspects of uplink power control:
1. there is an open loop part of a PSD control process trying to achieve a static or semi-static Rx target set by the network

2. there is a closed loop part of a PSD control process applied on top of this (commands sent by the network)

3. closed loop commands are sent within the L1/L2 control channel containing the UL grant

4. PSD adjustment factors per uplink MCS are known to both UE and eNB (e.g. at connection establishment)

5. the per-grant PSD adjustment factors are applied according to the assigned MCS in the L1/L2 grant
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