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1. Introduction

During RAN1#49, the following was agreed concerning the uplink power control:

· Uplink power control reference is left for implementation in the eNode-B. 
· PSD is set in the UE according to a standardized rule. Formula for this rule is FFS.
· As consequence of the UL grant coming with the power adjustment, the UE can transmit immediately. 
· A-periodic UL power control adjustments:
· For scheduled data, PC adjustments are included in UL scheduling grants; 
· For non-scheduled data and PUCCH (e.g VoIP), FFS whether/how to send updates.
· For uplink inter-cell power control, the working assumption is cell wide overload indicator (OI) exchanged over X2 on a slow basis (according to RAN3 LS in R1-071804, expected average delay is in the order of 20ms. FFS: Number of bits in the OI). Neighboring eNode-B can control individual UEs served by that eNode-B through its scheduler based on OI and available knowledge (e.g. path loss obtained from normal handover measurements).
In this contribution, detailed signaling and procedure of uplink power control are discussed.
2. Uplink Intra-Cell Power Control

As discussed in the previous meetings and on email reflector, the inputs to the formula of the rule of uplink PSD control 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. 
As shown in [1] and [5], the fractional power control formula can be used as the rule for intra-cell PSD control and achieve very good performance in terms of sector throughput, cell-edge performance and IoT control:
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(1)
Additional information, such as handover measurements may be included in the formula. For example, 
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(2)
where KHO is a function of handover measurements, such as the number candidates for handover.
The parameters of rule of PSD control should be cell specific to reduce complexity. The control of individual UE relies on different UE specific inputs as well as the power control adjustments.
The rule of PSD control can be implemented within eNode-B or UEs. As discussed in [2], the signaling would then be different as summarized in Table 1. Due to different courses, power adjustment sent in the uplink grant can be divided into 3 types:
· Type A: to correct the measurement and PA errors

· Type B: to adjust the power due to link adaptation or interference control 

· Type C: to compensate the fast fading if uplink SRS is available such as in the case of frequency selective scheduling 
Table 1 Comparison of the uplink intra-cell power control options.
	Options
	Signaling
	Comments

	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)
	May not need for Type-C a-periodic updates.

	Node-B based 

a-periodic
	IoT signaling (DL)

Type A and C a-periodic updates (DL)
	Flexibility of Node-B operation: 
such as in formula and parameters,
interference coordination, etc.


The UE-based approach needs to send type A and B adjustment while the eNode-B based approach needs type A and C adjustment. The UE-based approach also needs to specify/update the formula and the associated parameters. Therefore, the Node-B based a-periodic approach has the flexibility of choosing various formulas, adapting the parameters without informing the UEs, and implementing the interference coordination without UEs’ involvement and should be the option for intra-cell PSD control.
Different operating points or parameters of the open loop formula can be used for uplink channels. For example:

· Uplink SRS channel: the target of average received power/SNR can be fixed or depend on the SRS bandwidth.

· Uplink data channel: the upper-limit of the transmission power is set by fractional power control with parameter adaptation. The MCS level is selected accordingly. If SRS is available, link adaptation is then based on the channel information from SRS with the upper limit of the transmission power set by the open loop power control. No power headroom need to be reported from the UEs.
· Uplink control channels: the transmission power is set according to the format, data rate and QoS of the control channels.

Some corrections/adjustments, such as measurements and PA error correction (type-A), are common for all uplink channels and should apply to all of them.  Adjustments due to other reasons (type-B and C), will not apply to PUCCH, SRS, or non-scheduled data transmissions. Therefore, we propose that the type-A corrections to be sent in relative value (1 or 2 bits) with the downlink scheduling message, and the type-B and C corrections to be sent in absolute value (2 or 3 bits) with the uplink grant message.
3. Uplink Inter-Cell Power Control

The contents of the X2 message for uplink inter-cell power control may include the following
· Quantized IoT level (1 or 2 bits)

· Uplink performance satisfaction (1 or 2 bits)
· Other information may be included if proved to be beneficial

These X2 messages may be event-driven and sent no faster than every 20 ms. These events may include high/un-acceptable IoT, unsatisfactory uplink performance, and etc. Due to the X2 delay (20 ms), the measurement (averaging) interval for IoT needs to be at the same order.

When the eNode-B receives these X2 messages, it may perform the (inter-cell) power control adaptation schemes in the following ways:
· Approach 1: Node-B adapts the parameters of power formula
· Approach 2: Node-B adjusts the transmission power of individual UEs

· Approach 3: Node-B broadcasts the (processed) X2 messages, the UEs then adapt their transmission power accordingly

Since the eNode-B has all the information, it is natural to adopt approach 1 or 2 and perform centralized adaptation, especially if the intra-cell PSD control rule resides within the eNode-B. Approach 3 relies on UEs to adapt their power. After UE adapts its transmission power, its power headroom needs to be updated to the eNode-B for scheduling or measurement/PA errors correction.
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