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1. Introduction

This document is a summary of email discussions on power control taking place on RAN1 email reflector between October 10 and November 4. There were about 40 emails in this thread. The topics discussed were:
· Uplink intra-cell power control

· Uplink inter-cell power control

· Downlink power control

Also RACH power control was mentioned in the discussion but because it is also discussed in the RACH email thread it is not summarized here.
2. Uplink intra-cell power control

	IP wireless
	A simple (slow) open-loop or closed-loop scheme compensating for (the whole of) the absolute pathloss to the serving cell

	Qualcomm
	Closed loop intra-cell PSD control at 100 Hz or 200 Hz at most. The PC commands are jointly coded for multiple UEs and transmitted in the DL. L1 signaling is used for power control.

	Ericsson
	A parameterized open loop mechanism (~GPRS). The Node B shall have the possibility to explicitly control individual UE power (closed loop), for example by adjusting the parameters in the open loop mechanism. PSD controlled.

	Motorola
	We support open loop power control with adjustable parameters. Also the Node-B should have the capability to control each UE's power using adjustments to the open loop mechanism

	Lucent
	Closed loop intra-cell power control for the non-data associated uplink control channels

	TI
	Slow power control with Target SINR adaptation so that a small percentage of mobiles transmits at their maximum power. UEs which do not cause interference to adjacent cells [cell-interior UEs] should be allowed to transmit with higher powers than cell-edge UEs.

	Nokia
	Slow closed loop power control with update rate of 20 - 100 Hz, dynamic range of about 50 dB and granularity of 2 dB. Absolute or multistep relative power control commands are needed in order to cope with abrupt changes of the shadow fading

	Interdigital
	For data channels, our preference is to combine slow open loop and closed loop power control. The closed loop control is based on CQI (e.g., UL MCS or grant information). Open loop is used to compensate for a fraction of long-term path loss and CQI based power control is used to compensate for the open loop related errors such as measurement, estimation, and power setting errors. In the combined scheme, the CQI based component is weighted according to availability of CQI information in DL. For UL control channels, our preference is to use the above combined scheme, but at a faster TPC update rate.


3. Uplink inter-cell power control

	IP wireless
	Scheduler-oriented control of interference levels into neighbouring cells effected via normal power-grant (aka SNIR target) scheduling.  Some form of “UL CQI” would be useful to help the scheduler to do this (e.g. using measurements already available in the UE for handover etc...)

	Qualcomm
	Closed loop inter-cell PSD control using a load indicator. The load indicator is a single-bit that is broadcast by all cells once every 10ms and indicates whether the uplink is overloaded. Based on this indication, each non-serving UE adjusts it’s maximum transmit power/PSD

	Ericsson
	The intercell interference is to some extent controlled already by the open-loop mechanism. Explicit control of the intereference an idividual UE generates in neighbor cells can be achieved by the closed loop mechanism together with e.g. handover measurements.

	Motorola
	In our view, we should be able to control the inter-cell interference by adjusting the parameters of the open loop schemes by sending slow updates between Node-B's over the backhaul (every 100ms to 1sec).

	Lucent
	Closed loop inter-cell power control (for the UL-SCH) based on load indicators sent at a rate of ~10ms-20ms to tightly control other cell interference.

	TI
	Two different signal targets  are broadcasted by the NodeB: one SINR target for serving UEs, and another SINR target for non-serving UEs.

	Alcatel
	Power control should be used in Interference Coordination to control the degree of inter-cell interference generated by a UE into its neighboring cells. "Power grant scheduling" or power allocation together with the RB allocation in the scheduling allocation that can e.g. just have a small dynamic range and that can be relative to the long term power control depending (not necessarily linearily) on the pathloss+shadowing

	Nokia
	Static inter-cell interference coordination/avoidance methods should be preferred (scheduler restrictions or preferences). When UE is only transmitting control signaling (and same frequency band is used for control signaling in different cells) we propose to use CDMA and have (similar as in data transmission) restrictions/preferencies for resource allocation

	Interdigital
	Preference is to use an interference load indicator from each cell. The UE then applies it with a load control step size in addition to the combined TPC scheme.


4. Downlink power control

	Qualcomm
	CQI based power control for DL control signalling. No reason to explicitly standardize anything on DL power control, except that the data/pilot power ratio should be fixed within a subframe.

	Ericsson
	No special measurements are standardized for downlink power control. CQI reporting could be used for downlink power control. A set of downlink channels is defined for which UEs assume constant output power is used.

	Motorola
	No/very limited standardization for DL power control scheme is necessary. One can use, for example CQI based power control.

	Nortel
	Inter-cell interference should be controlled by using interference co-ordination and sending slow updates between Node-B's (every 100ms to 1 sec). One alternative is the adaptive FFR.

	TI
	Can be based on UE CQI reports and no standardization is deemed necessary at the moment.

	Alcatel
	On DL power control for restriction setting or soft-reuse: it needs to be standardized how it affects pilot and control signalling. Further there should be a parameter definition that can be used in X2-Interface messages.

	Nokia
	Specification should allow downlink power control but very limited standardization of power control scheme is needed: UE should know the data/pilot power ratio. Also the dynamic range of the power control needs to be studied especially for higher order modulations

	Interdigital
	CQI-based TPC (using CQI in UL) is a candidate scheme


5. Discussions

Besides of company view presentatations mainly two things were discussed: uplink control channel performance and need for relatively fast uplink intercell power control. Also question was raised if uplink intercell PC should be discussed under the assumption that interference coordination is used or not. Depending on the answer, solution might be different.

It was mentioned and generally agreed that good control channel performance is a fundamental requirement when selecting PC schemes. It was also pointed out that now it is difficult to do evaluations because coding of the control channels is not yet defined.

Most of the discussions were about uplink inter-cell power control. Especially urban canoyon channel situation i.e. UE turning around the corner and path-loss changes quickly, was discussed. It was proposed by some companies that in this situation fast inter-cell PC is needed (UE receives PC commands “load indicator bit” also from from neighboring cells). Other companies thought that simpler solutions exist and that this would increase complexity of the system unnecessarily.































































