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1 Introduction

It was agreed in RAN1#66 to consider several aspects of UL PC, which are described in [1]. The following is listed:

Enhancements to the uplink power control for open-loop as well as closed-loop operation may be considered including e.g.
· enhancement to support selection of intended reception point(s) 

· potentially take into account new interference environment

· path-loss determination and signalling that targets intended reception point(s)

· reception point(s) may vary for different uplink physical channels

Discussions regarding UL PC continued in RAN1#67, where two ways forward [2, 3] were presented, the first based on a UE centric solution and the second based on an eNB centric solution. An agreement could not be reached for any of the two ways forward even though the first one had by far more consensus than the second, and even a proposal to accept both ways forward (since they do not exclude each other) failed to reach consensus. 

This contribution discusses the two solutions, focusing on the case of moderate mobility.
2 Potential solutions to Power Control in Rel-11
As it has already been described in several contributions to previous meetings [4, 5], Rel-10 UL power control fails to cope with heterogeneous network scenarios (CoMP Scenarios 3 and 4). The main issue is coupled to the UE pathloss estimation, which can become erroneous, resulting in excessively high UL Tx Power. Two main solutions [2, 3] were discussed in RAN1#67 which are summarized on the following two subsections.
2.1 eNB centric solution
In this solution, measurements on uplink signals are performed at the network side, and a pathloss mismatch, named ΔPL, for each UE is calculated. ΔPL is defined in this paper as the difference between the pathloss from a UE to the node chosen according to DL node selection (maximum RSRP), and the pathloss to the node chosen according to optimal UL node selection (e.g., minimum pathloss). Then each UE with a non-zero ΔPL (which are typically the UEs connected to a macro node but with lower pathloss to a pico node) is instructed by the network through RRC signaling to compensate ΔPL. This is achieved by signaling to the UE an additional PL offset, or by adjusting in a UE specific fashion the existing ULPC parameters, such as P0 or α.
2.2 UE centric solution
This solution takes the approach of measuring the PL to the correct node at the UE, and resulting therefore in no ΔPL. This is done through open-loop power control. In order for the UE to being able to calculate the pathloss to the correct node, average receive power measurements on CSI-RS are introduced. The UE is configured to measure average receive power on configured CSI-RS resources, and the CSI-RS transmit power on these resources is signaled to the UE in order to enable pathloss calculation from the measurements.
3 High mobility scenario
It is noted in RAN1#67 chairman notes that additional simulation of high mobility cases may be helpful, since concerns where raised regarding the eNB centric solution, observing that if the pathloss misadjustment ΔPL varies relatively rapidly, this approach may generate excessive RRC signaling, degrading system performance. The UE centric solution on the other hand generates the same network signaling independently of how often the PL is measured at the UE.
System simulations have been run assuming UE speeds of 30 and 60 km/h, in order to determine how fast ΔPL varies at those speeds. Simulation assumptions are summarized in Table 1 in the appendix. It must be observed that even though high mobility might not be a common assumption on hetnet scenarios, a few moderate speed UEs with wrong UL power control are sufficient to degrade the whole system performance through excessive interference to other UEs’ uplink signals.
Figure 1 shows the CDF of ΔPL at the UE assuming RRC compensation every 250 ms. In other words, the figure shows the distribution of the TPC error at the UE before an updated RRC based power control command is received. The assumption of RRC correction of ΔPL every 250 ms may even be too optimistic for certain network implementations and deployments.
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Figure 1: CDF of ΔPL at the UE after being compensated every 250 ms

It is observed in Figure 1 that at 30 km/h, from all the UEs that perform ULPC targeting a macro node, but actually are received only at their closest pico node (decoupled UL and DL transmission), around 50% still have a residual mismatch larger than ±2 dB. Moreover, almost 20% have a residual mismatch larger than ±4dB. For a speed of 60 km/h, the percentage of users with a residual mismatch of ±2 dB and ±4 dB increases, reaching 55% and 28% respectively.
From the previous observations we conclude that a UE centric solution is preferred to an eNB centric solution when taking into account a moderate mobility case, since the update rate of the pathloss mismatch is limited for the eNB centric solution by the amount of RRC signaling introduced, and such a limitation is not present for the UE centric solution, which is based on CSI-RS measurements. Therefore, the UE centric open-loop PC based solution has the potential of compensating ΔPL significantly more often than every 250 ms without any associated drawbacks (it is up to the UE implementation to decide how often open-loop PC and pathloss measurements are performed).
Observations:
· Regarding the high mobility case, the performance of the eNB centric solution is limited by the amount of RRC signaling introduced, whereas the performance of the UE centric solution doesn’t have such a limitation.

· For the eNB centric solution, assuming an RRC PL compensation every 250 ms and a UE speed of 30kmh, 50% of the terminals whose PL is compensated present a PL mismatch higher than 2dB, and almost 20% present a PL mismatch higher than 4dB.
Proposal:
· A UE centric solution (CSI-RS measurements based path loss estimation for OL power control) is the preferred enhancement for ULPC in Rel-11.
4 Summary

This paper addresses UL power control enhancements for Rel-11. Based on the discussion the following observations are made:
Observations:
· Regarding the high mobility case, the performance of the eNB centric solution is limited by the amount of RRC signaling introduced, whereas the performance of the UE centric solution doesn’t have such a limitation.

· For the eNB centric solution, assuming an RRC PL compensation every 250 ms and a UE speed of 30kmh, 50% of the terminals whose PL is compensated present a PL mismatch higher than 2dB, and almost 20% present a PL mismatch higher than 4dB.
Based on the identified problems of UL Power control on hetnet scenarios, the following is proposed:
Proposal:
· A UE centric solution (CSI-RS measurements based path loss estimation for OL power control) is the preferred enhancement for ULPC in Rel-11.
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Appendix
	Deployment scenario
	Scenario 3

	System bandwidth
	10 MHz – FDD

	Channel model
	ITU UMa for Macro, UMi for LPN (100% oudoors) details in TR36.819

	Number UEs per macro cell
	25 (Config #1)

	Multiantenna scheme (Uplink)
	1x2

	Transmit power
	46 dBm Macro, 30 dBm LPN, 23 dBm max UE

	Power control
	Alpa = 1; P0 = -106 dBm for all nodes, CRE = 0dB

	Antenna model
	Described in TR36.819

	COMP scheme
	Independent UL and DL cell selection


Table 1: Simulation assumptions

