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1. Introduction
At the last RAN1 meeting the following working assumption intracell uplink power control was reached:

1) The Power Spectral Density (PSD) is controlled.

2) Pure open loop is not sufficient, i.e. some form of a closed loop component is required.

Several issues are however still open. This paper discusses a few of them (some have been raised in e-mail discussions since the last RAN1 meeting):

1) Which UEs are covered by the closed loop component?

2) Is a pure closed loop or a closed loop around an open loop set point used?

3) What signal is measured by the Node B?

4) How is the PSD command signaled to the UE?

5) What is the difference between control and traffic channels?

6) Can a synchronized UE transmit data without a recent closed loop correction? 

Based on this discussion, a combined open- and closed-loop power control mechanism is proposed for the E-UTRA uplink. The UE measures and compensates for a fraction of the path loss, and the serving NodeB has the possibility to compensate for cell-common and UE individual interference variations. The main benefit over a closed-loop only scheme is reduced signaling overhead, the NodeB only needs to control UEs for which the open-loop mechanism does not yield satisfactory received power. The proposed mechanism is a refinement of the one described in ‎[1]. It is further evaluated and compared to other schemes in ‎[4] and ‎[5]
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 \* MERGEFORMAT ‎[6] for the control- and user plane respectively. Possible inter-cell extensions of the mechanism are discussed and evaluated in [6].
2. Comments on Open Issues 

This section discusses open issues with regard to uplink power control. 

1) Which UEs are covered by the closed loop component?

For overhead reasons, not all UEs in the LTE_ACTIVE state, in theory up to 65.000, can be closed loop controlled. An appropriate subset has to be selected. 
The preferred subset for UEs receiving closed loop PSD corrections is UEs with ongoing uplink transmissions (either data or control signaling in response to downlink data). The reason for this is that it is not necessary to control UEs that do not transmit uplink data or control information.

Note that the Node B may maintain closed loop corrections for a larger subset of UEs than this, e.g. also for UEs transmitting sounding reference signals. These however do not need to be signaled to the UEs until they are to be used, i.e. when the UE is scheduled.

2) Is a closed loop around an open loop set point or a pure closed loop used?

A closed loop around an open loop set point maintained by the UE is preferred. The reasons for this are (i) reduced overhead and power consumption compared to a pure closed loop, and (ii) the sensitivity to control channel errors of a pure closed loop.
3) What signal is measured by the Node B?
The Node B measures the signal the controlled by the closed loop, i.e. the user data and/or the control signaling. In addition to this, for UEs transmitting uplink sounding signals, these may be measured. 
4) How is the PSD command signaled to the UE?
As closed loop control is only applied to scheduled UEs, it is preferred to send the closed loop correction together with the UL scheduling grant and the DL scheduling information on the L1/L2 control channel. 

If possible, it could be considered to design the L1/L2 message such that the closed loop correction need not always be present.  
5) What is the difference between control and traffic channels?

It is preferred to support different open loop set points for data and control channels. The reason for this is that for control, typically full compensation (equal received SINR) is desired, whereas for data partial compensation (variable received SINR depending on path loss) may yield better performance.

The different open loop set points may be achieved by different parameter sets for data and control.

The closed loop correction applies to both data and control. Alternatively, the closed loop correction sent in UL scheduling grants applies to data, and the closed loop correction sent in DL scheduling information applies to control.

6) Can a synchronized UE transmit data without a recent closed loop correction? 
Yes. For delay reasons it is preferable to be able to transmit data based on only the open loop estimate.

3. The Proposed Mechanism
Based on the above discussion, a combined open and closed loop mechanism is proposed. The UE sets its Power Spectral Density (PSD), or more specifically its power per resource block, according to:


PRB = min{P0 - ·PRxDL + UE + TF, PmaxRB}  [dBm/RB]
 LISTNUM equation \l 4 
 where 

· P0 is a cell-specific parameter broadcast by the Node B

·  is a cell-specific partial compensation factor broadcast by the Node B

· PRxDL is the downlink signal strength, measured by the UE

·  UE is a UE-specific offset signaled by the Node B (e.g. as an option in the scheduling grant or on a separate channel)

· TF is a transport format (TF) specific offset 

· PmaxRB is the maximum allowed total power of the UE per resource block, i.e. Pmax/NRB in linear scale, where NRB is the number of resource blocks allocated to the UE

Characteristics of these parameters are summarized in Table 1. Different parameter values (or offsets) can be used for the user and control plane. In short, P0 and are used to control the average received PSD, and thereby the SINR. The fractional compensation factor  enables flexible trade offs between capacity and fairness. Setting of these parameters is further discussed in ‎[1] and evaluated in ‎[4]. For user plane data, the offset TF, based on the selected transport format and QoS can be used. This offset is coupled to the transport format and configurable through higher layer signaling and does not need to be signaled on the L1/L2 control channel. The main advantage of a transport format dependent offset is that the UL scheduler has indirect control of the UE transmit power and there by also the receive power through the TF selection. The scheduler may then adjust the received power according to the users’ momentary traffic and QoS demands as well as the power availability.   

One advantageous way to use the mechanism is to set the parameters (P0, ) so that the open loop reaches the desired SNR with a relatively large margin, and then use closed loop signaling (UE) to more accurately control the power of the rather few UEs that generate the most interference.   

Table 1.  Power Control Parameters (range and update rate is preliminary)

	Parameter
	Purpose
	Source
	Signaling
	Range
	Update rate

	P0
	Controls mean received SINR 
	NodeB
	BCH, System Info
	
	BCH rate 

	
	Controls received SINR variance (‘fairness’)
	NodeB
	BCH, System Info
	0 – 1
	BCH rate 

	PRxDL
	Estimate pathgain
	UE
	--
	--
	~10ms

	UE
	Controls received  SINR per UE
	NodeB
	L1/L2 CCH (Note: not necessarily present in each scheduling grant)
	+/-6dB
	TTI

	TF
	Controls received SINR per transport format
	NodeB
	Configured through higher layer signaling
	+/-6dB
	Semi-static

	Pmax
	
	UE Class and/or Node B
	BCH, System Info
	
	--

	NRB
	
	NodeB
	L1/L2 CCH (part of scheduling grant)
	~ 0 - 100
	TTI


4. Proposal

The following uplink power control mechanism is proposed:

· The power control mechanism controls the transmitted power spectral density of the UEs

· A combined parameterized open-loop and closed-loop mechanism controlled by the serving NodeB is used 

· The UE measures and compensates for (a fraction) of the path loss according to the parameters P0, , and (TF
· Finer tuning (compensating for e.g. interference or link quality) is performed by the NodeB and signaled individually to the UEs

The parameters (P0 and ) are broadcast. To limit downlink overhead the fine tuning done by the Node B may be sent only to a subset of the UEs. This can e.g. be included in the scheduling assignments on the L1/L2 control channel.
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