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1 Introduction
A flexible uplink power control scheme has been adopted for E-UTRA in which a UE-based formula is used for open loop and closed loop adjustments may be made by the network.
Intercell interference control may be handled either pre-emptively by the scheduler based upon UE neighbour cell measurements or reactively via interference level exchange between eNBs via the X2 interface.  These two methods may also be used in conjunction.

For the pre-emptive approach, ideally the eNB would like to have knowledge of the current uplink pathloss observed between the UE under consideration and neighbouring eNBs.  In this way, the scheduler can calculate the amount of interference that an allocation to the UE would cause to the neighbour cells.
Uplink pathloss between a UE and its serving cell can be measured at the serving eNB if the UE reports its current transmitted power (e.g. see [1]).  However, this does not facilitate measurement of pathloss between a UE and non-serving (neighbour) cells.

Instead we rely on UE measurements of downlink transmissions from neighbour cells such as are commonly used for handover purposes.  Although this is not directly representative of instantaneous uplink pathloss, it does provide a good indication of the UE’s current average radio condition and is generally sufficient for the eNB to update the UEs power allocation within the serving cell so as to not cause excessive interference to neighbouring cells.
Of most interest to the eNB for uplink interference control is the minimum of the pathloss difference between the serving cell and any of the measured neighbour cells
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… where PLi is the pathloss to the ith neighbour (i=1…N) and PL0 is the serving cell pathloss.
This allows the scheduler to anticipate the worst-case received level of the users signal at a neighbour cell.  Assuming that the scheduler has allocated a received C/N for the user of xdB, then the C/N at the neighbour cell is simply (x-Dmin)dB.  Thus, the scheduler may derive a serving cell power allocation that is considerate of its neighbours.
PL0 is known by the UE as part of the normal power control operation.  It could be known by the eNB if the UE Tx power measurement in [1] were used or if it was signalled on UL back to the serving eNB.
PLi could be calculated by either the UE or by the eNB.

· If calculated by the UE, the UE must be informed by the serving cell of the neighbour cell’s reference signal transmission power level (i.e. ran2 issue).

· If calculated by the eNB, the UE would report absolute RSRP for the neighbour cell and the serving eNB would need to obtain knowledge of the neighbour cell’s reference signal transmission power level (e.g. via X2 – a ran3 issue).

2 Reporting Frequency and Method
Handover measurements are usually of interest only for cell edge users (i.e. in regions in which handover is likely).  However, for accurate RRM and intercell interference control, it is beneficial to continue to update the pathloss difference measurement even when the UE is not at the cell edge.  Thus it is not clear that handover measurement reporting criteria would necessarily be designed in an appropriate way for use by uplink power control.

In addition, since the measurement is of relevance for uplink transmissions, it would appear natural to report the value(s) along with the UL-SCH PDU’s themselves (e.g. inside the MAC header as is done for E-DCH UE power headroom).  However, this could also perhaps be accomplished via suitable RRC measurement reporting mechanisms.
It may be useful to seek information from ran2 on the above two points to ensure that measurements for UL power control can be made available at the appropriate times.
3 Conclusion
To enable the serving cell to calculate UL power grants for its users that do not cause excessive interference to neighbour cells the serving cell needs to have knowledge of either:

1. the absolute pathloss to the serving cell and to one or more relevant neighbour cells

2. the difference between the serving cell pathloss and one or more relevant neighbour cells
Two options appear to be available:

A) If pathloss calculation is performed at the eNB, the current RSRP measurements may be used although this does require that:
· the UE signals also the serving cell pathloss back to the serving cell (or signals the UE Tx power measurement) and

· the eNB is aware of the neighbour cell reference signal transmission powers (e.g. via X2)

B) If pathloss calculation is performed at the UE, the UE needs to be informed by the serving cell (e.g. via system information) of the neighbour cell reference signal transmission powers.  If this is the preferred option then a new measurement definition would be required for 36.214 such as shown below.
RAN1 is requested to agree on method (A) or (B) and to communicate this to other WGs to help complete the uplink power control design for LTE.
------------------------------------------------------------------------------------------------------

Minimum pathloss difference measurement at the UE:

5.1.x.  MPLD

	Definition
	Minimum pathloss difference, the minimum difference between any measured neighbour cell downlink pathloss and the current serving cell downlink pathloss.  Downlink pathloss is calculated using knowledge of the measurement cell’s reference signal transmission power (PRS) as provided by higher layers and the measured RSRP for that cell.  The reference point for MPLD shall be the UE antenna connector.

	Applicable for
	RRC_CONNECTED
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