
3GPP TSG RAN WG1 Meeting #66
R1-112088
Athens, Greece
22nd – 26th August, 2011
Source: 
Ericsson, ST-Ericsson

Title:
Enhancements to UL power control for Rel-11
Agenda Item:
6.7.3
Document for:
Discussion and decision

1 Introduction

According to the SI on uplink enhancements for the UL of Rel-11 [1] improvements to Power Control should be considered as specified in the following bullet:

·    Study and evaluate improvements for new deployment scenarios including higher mobility and non-uniform network deployments with low-power nodes, and improvements that address issues (e.g., relative phase discontinuity) in practical multi-antenna UE implementation
· uplink channel-independent MIMO schemes
· enhancements to uplink power control 
This contribution studies the application of the power control mechanism specified in Rel-10 [3][4][5] in the context of the new scenarios introduced in Rel-11 [6]. It is shown that the existing algorithm does not suit the new hetnet and CoMP deployments, therefore improvements to power control appear beneficial for Rel-11.
2 Review of Rel-10 UL Power Control Mechanism
UL Power control in Rel-10 is based on both open-loop and an additional closed-loop correction term. The PUSCH transmit power for serving cell c in subframe i has the following expression [5] (similar PC formulas are given in [5] for SRS PC and for the cases where PUSCH is coscheduled with SRS and/or PUCCH):
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 is the downlink pathloss estimate calculated in the UE for serving cell 
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 in dB and 
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 = referenceSignalPower – higher layer filtered RSRP, where referenceSignalPower is provided by higher layers and RSRP for the reference serving cell and the higher layer filter configuration are defined in [5] for the reference serving cell. 
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 accounts for the closed-loop power correction and it can be based on accumulated or instantaneous power control values as signaled, e.g., by DCI formats.
Since RSRP is based on DL power measurements on CRS, UL PC results to be coupled to the DL cell assignment. Such interplay leads to undesired consequences as explained in the next subsections for Scenario 3 and Scenario 4 respectively.
2.1 Problems with PUSCH PC and Scenario 3

In case of CoMP Scenario 3 the path loss term PLc in the open-loop part of the UL PC formula is determined by the CRS associated to the serving DL cell. However, for some UEs the preferred UL serving cell does not coincide with the DL serving cell. Such a mismatch is increased by the following factors:
· Power imbalance between macro/pico cells

· Limited range extension

· The pico UL coverage area is larger than its DL coverage area.

Another important aspect is that the radius of the extended range aroud the pico-cell is irregular, asymmetrical and dependent on several parameters such as the macro/pico power imbalance, relative position of the cells and path loss factors. Therefore, PC cannot be corrected by adjusting the range extension, which would anyway lead to undesirable coupling to DL range extension optimization.
The above problem leads to suboptimal UL PC, leading to unnecessary large UL interference and power consumption for the UEs. 
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Figure 1: example deployment with partial range extension.
2.2 Problems with PUSCH PC and Scenario 4

The same problems listed for Scenario 3 apply also for Scenario 4. However, assuming that CRS are shared over the whole hetnet, the situation becomes even more challenging as it is impossible to adjust UL PC in Scenario 4 according to the selected UL reception point(s) for each UE.
2.3 Problems with SRS Power Control

Power control for SRS is based on path loss measurements on the same reference signals as for PUSCH. Therefore, the same problems pointed out for PUSCH apply also to SRS PC.
However, SRS PC is even more critical, especially for TDD deployments. Typically, SRS need to be received with sufficient power at all potential DL CoMP transmission points, while PUSCH should typically be received only at UL CoMP reception point. 
A potential solution is based on the SRS power offset term as specified in Rel-10. Even though such a scheme has the advantage of being Rel-10 compliant, it does not solve the problem:

· In case of mobility a large amount of RRC signaling would be required in order to adjust SRS power offset

· The root of the problem (path-loss is not measured from the desired nodes) is not solved.
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Figure 2: example scenario where SRS power offset is unable to correct SRS power control. A pico-UE moves towards a serving DL macro in a TDD network. According to Rel-10 PC the SRS power is progressively increased, while it should be decreased in order to compensate for the approaching macro-node.
Observations:
· UL PC is not correctly assigned for Scenario 3 and Scenario 4.

· Additional PC problems arise in case of SRS based sounding for TDD and CoMP.

3 Potential solutions to Power Control in Rel-11

The above problems may be easily addressed in Rel-11 with small standard changes targeting the roots of such misbehaviors. In particular, both UL PC may be improved by allowing the eNB to configure the set of reference signals employed by the UE respectively for PUSCH/PUCCH and SRS PC.
Another solution is based on Rel-10-compliant closed-loop power control messages in order to calibrate the desired power. However, such solution does not address the problem that path loss is incorrectly calculated for Scenario 3 and Scenario 4, potentially leaving room for additional problems and leading to unnecessarily large signaling load on RRC and PDCCH.
Observations:
· UL PC problems may be solved by enabling configuration of the reference signals used for path loss estimation.

· The set of reference signals for PUSCH/PUCCH PC is independent of that for SRS.
4 Summary

This paper addresses UL power control enhancements for Rel-11. Based on the discussion the following observations are made:
Observations:
· UL PC is not correctly assigned for Scenario 3 and Scenario 4.

· Additional PC problems arise in case of SRS based sounding for TDD and CoMP.

· UL PC problems may be solved by enabling configuration of the reference signals used for path loss estimation.

· The set of reference signals for PUSCH/PUCCH PC is independent of that for SRS.
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