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1. Introduction

During RAN1#48, it was concluded that uplink intra-cell power control is based on closed-loop power control around a set-point obtained by open loop.  The closed loop corrections can be periodic (L1) or  aperiodic (L1/L2) updates which was FFS.  The uplink intra-cell power control can be implemented in Node-B or UE.  It was also concluded that uplink inter-cell power control can be either overhead indicator based or network based. In this contribution, the signaling and procedure of intra-cell power control are discussed.
2. Uplink Intra-Cell Power Control

As discussed in the previous meetings and on email reflector, the uplink intra-cell power control can be formula-based open loop with adjustments sent by Node-B. The input to this formula may include the path-loss of the UE to the serving cell and, in some proposals, certain measurements of the channels to neighboring cells. The formula itself may have several parameters which are controlled and adjusted by the Node-B. 
This formula can be implemented within Node-B or UEs. Furthermore, the adjustment can be periodic or a-periodic. The periodic closed-loop power control would control an uplink reference channel and then apply offset to other channels accordingly at the UE. Therefore, three options exist for intra-cell power control: UE-based aperiodic, Node-B based aperiodic and Node-B based periodic. These options result in different signaling, procedure and design issues which are discussed in detail in the following sub-sections.
2.1. UE based a-periodic Approach
To implement the UE based intra-cell power control with a-periodic adjustments, the following information is needed:

· To set the transmit power for uplink data, control and sounding channels at the UE: 
· Channel measurements performed at the UE; 
· Formula definition – need to be specified or configured by the Node-B;

· Power control parameters and their updates – signaled by the Node-B;

· Average IoT – signaled from the Node-B (to set the transmission power for uplink control channels);

· Power control corrections (a-periodic) – signaled from the Node-B:
· To correct the measurement and PA errors (Type-A updates);
· To adjust the power due to link adaptation or interference avoidance (Type-B updates).
· Information required for scheduling, resource allocation and power control correction at the Node-B:

· Expected average received power – feedback from UE, such as path-loss measurements, and information of channels/interference to other cells if used for setting/adjusting the transmit power at the UE.

2.2. Node-B based a-periodic Approach
To implement the UE based intra-cell power control with a-periodic adjustments, the following information is needed:

· At UE, information required to set the transmit power for uplink data, control and sounding channels:

· Channel measurements performed at the UE;

· MCS grants – signaled from the Node-B;

· Average IoT – signaled from the Node-B;

· Power control corrections (a-periodic) – signaled from the Node-B:
· To correct the measurement and PA errors (Type-A updates);

· To compensate the fast fading if uplink SRS is available such as in the case of frequency selective scheduling (Type-C updates).
· Information required for scheduling, resource allocation and power control correction at Node-B:

· Formula definition and parameters – controlled and adjusted in the Node-B (need not be specified);
· Expected average received power – feedback from UE, such as the path-loss measurements, and information of channels/interference to other cells if used for setting/adjusting the transmit power at the UE;

2.3. Periodic Approach
To implement the intra-cell power control with periodic adjustments, the following information is needed:

· At the UE, information required to set the transmit power for uplink data, control and sounding channels:

· MCS grants – signaled from the Node-B;

· Power control corrections (periodic) – signaled from the Node-B;
· Power control corrections (a-periodic in addition) – signaled from the Node-B:

· This is needed at least when wideband SRS is available and a narrow band is assigned for uplink data transmission, such as in the case of frequency selective scheduling (Type-C updates).
· At Node-B, information needed for scheduling, resource allocation and power control correction:

· Formula definition and parameters – controlled and adjusted in the Node-B (need not be specified);

· Power head-room – feedback from UE;

· Periodic uplink reference channel – wideband SRS or CQI feedback channel.

· Channel measurements – feedback from UE, such as the path-loss measurements, and information of channels/interference to other cells if used in the open-loop formula.
3. Comparison of the Options

As shown in the previous section, these three options for uplink intra-cell power control result in different signaling and implementation requirements. Table 1 compares the options in terms of signaling, overhead and flexibility.
Table 1 Comparison of the uplink intra-cell power control options.
	Options
	Signaling
	Pros and Cons

	Common
	Some a-periodic corrections (DL)

Measurements feedback (UL)
	

	UE-based 
a-periodic
	Formula/parameters updates (DL)

IoT signaling (DL)

Type A and B a-periodic updates (DL)
	Lower overhead.

No need for Type-C a-periodic updates.

	Node-B based 
a-periodic
	IoT signaling (DL)

Type A and C a-periodic updates (DL)
	Low overhead.

Flexibility of Node-B operation: 
such as in formula and parameters,
interference coordination, etc.

	Periodic
	Periodic reference channel (UL)

Periodic updates (DL)

Power head-room feedback (UL)

Type-C a-periodic updates (DL)
	May benefit the UL CCH if CQI is 
used as the reference channel.
Higher overhead.


The a-periodic approach has much lower overhead than that of the periodic approach. Furthermore, the UE-based a-periodic approach may have slightly lower overhead compared to the Node-B based a-periodic approach. The Node-B based a-periodic approach also has the flexibility of choosing various formulas, adapting the parameters without informing the UEs, and implementing the interference coordination without UE’s involvement. Further comparison of the a-periodic and periodic approaches is given in [1].

In conclusion, we propose that the Node-B based uplink open loop power control with a-periodic updates to be the uplink intra-cell power control scheme for E-UTRA.
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