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1
Introduction
With a de-centralized uplink scheduler, uplink interference due to the coupled load needs to be managed carefully. In R6 EUL, explicit mechanisms were provided for a tight control on uplink inter-cell interference. With an orthogonal uplink in E-UTRA, the inter-cell interference dictates the cell coverage. We believe that for an efficient functioning of E-UTRA UL, the inter-cell interference needs to be tightly controlled by the network regardless of the uplink load. 

In [1][2] we proposed and analyzed the performance of an inter-cell interference management scheme for E-UTRA UL assuming frequency reuse 1. The control mechanism is to use explicit L1 based uplink load indication where the UEs listen to the load commands from the strongest non-serving cell(s) and adjust their PSD offset relative to reference channel accordingly. 
In [3] it was claimed that the load indicator has to be received with a C/I of -20dB so that 98 percentile of the UE’s could decode the load indicator. This document studies the impact of load indicator with respect to the UE other cell C/I and the results show that even with controlling the Tx PSD of those UE’s who see other cell C/I greater than -5dB the inter-cell interference can be controlled fairly tightly.
2
Inter-Cell Interference Control

With an orthogonal uplink, in a single cell scenario, a UE can transmit at maximum Tx power without impacting the link performance of other users.

In a multi-cell scenario, with such a strategy, UEs at cell edge inject significant interference into other cells, diminishing the system coverage. However, cell interior UEs typically do not cause significant interference into other cells.

For a stable and optimal system operation, we observe that cell interior UEs can transmit at higher power or power spectral density, than the UEs at cell edges.

Therefore, we keep two objectives in mind for an UL interference management algorithm:
· Means to reduce inter-cell interference

· Scheduler flexibility to allocate bandwidth to different users

Further, we make the following assumptions:

· Each UE has a single serving cell in the uplink

· The serving cell is typically not aware of the interference caused by the transmission from its terminals to the other cells
2.1
Closed Loop PSD Control

Closed loop PSD control has been described in detail in [2] and the high level concept is explained again below:

· Each cell broadcasts an uplink load indicator (busy or not) in the downlink in a periodic manner

· The UE decodes the load indicator bits from at least one dominant interfering cell (based on path loss measurements)

· If the UE sees C/I with respect to the dominant interfering cell being less than a certain threshold this UE does not listen to the load commands

· The UE who listens to the load commands reduces its allowed Tx power spectral density appropriately
The details of the algorithm are now based on the following steps:

1. A reference PSD is maintained at the Node-B and used for intra cell power control

a. This is based on a periodic known signal such as BPICH, CQI, etc.
2. The UE periodically reports a PSD delta and a supportable bandwidth

a. The reported PSD delta is a function of load indication commands from non-serving cells
i. This indicates the power headroom available at the UE assuming that the assigned (granted) bandwidth for data transmission equals the reference channel bandwidth

ii. For those UEs who do not listen to the load commands, their PSD delta values are set based on the open-loop

iii. The open-loop sets UE’s PSD delta as a function of the pathloss difference between serving cell and non-serving cell and the goal is to allow for the cell interior UEs to transmit at relatively higher PSD delta as they inject less interference to other cells

iv. For those UEs who follow the load commands, their initial PSD delta can be set arbitrarily. It is eventually dictated by the dynamics of load indicators from neighbor cells. 
b. The supportable bandwidth is computed from the maximum transmit power and the Tx PSD
i. This indicates the maximum bandwidth that can be supported by the UE, given the max Tx power constraint and the PSD at which UE transmits data
3. The Node-B grants an uplink assignment consisting of the following information:

a. Bandwidth (number of contiguous tones)
a. This should be lower than the supportable bandwidth
b. Packet format (packet size and modulation)
4. UE transmits the packet in accordance with the assignment with the PSD delta
3
Simulation Setup in E-UTRA UL
In this section, we study the impact of the other cell C/I on the load indication. We assume that the UE only listens to the load command from its strongest neighboring cell if its C/I with respect to that cell is larger than a certain threshold. For the rest of UEs who do not follow load commands their PSD offset are set by the open-loop. 

The rest of the simulation assumptions are listed in Appendix A. 
The impact of UE’s C/I with respect to strongest non-serving cell on load commands is evaluated by looking at the system performance with different neighbor cell C/I thresholds. The results are summarized in Table 1 where we denote the threshold of path loss difference between the serving cell and the strongest neighboring cell as LI threshold. The detailed performance curves (IoT variation, fairness, etc.) are shown in Appendix B.
	LI Threshold (dB)
	Spectral efficiency (b/s/Hz)
	5% Spectral Efficiency

(b/s/Hz)
	Mean IoT (dB)
	Std. Deviation (dB)

	5
	0.98
	0.020
	4.61
	0.66

	10
	1.00
	0.021
	4.58
	0.66

	15
	0.96
	0.023
	4.52
	0.68

	20
	0.83
	0.025
	4.51
	0.73


Table 1
Impact of neighboring cell C/I on load indicators
It is seen from these results that load indicators are not sensitive to UE’s other cell C/I. 
The IoT can be controlled fairly tightly even when assuming only those UEs, whose pathloss difference between serving cell and strongest neighbors is less than 5dB, follow load commands. 
We believe for such UEs, reliable reception of load commands is a very reasonable assumption. For the rest of UEs their PSD offsets can be set by open-loop and they may not be optimal. However, we observe that the IoT is very sensitive to the Tx PSD of edge UEs as these UEs inject significant interference to other cells, therefore tight and fast PSD control is required; for the cell interior UEs, their contribution to other-cell interference is not as significant, hence the open-loop setting suffices. 
4
Conclusions
Based on the results shown in this document, we observe:
· Load indicators are not sensitive to the other cell geometry
· Fast and tight Tx PSD control of edge UEs through load indicators is essential for IoT control
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Appendix A
-- System Simulation Assumptions 
The overall system assumptions are shown in Table 2. 

	Parameter
	Configuration

	Layout
	19 Node-B, 3-cell wrap-around layout

	Traffic model
	Full buffer

	#UE per cell
	10

	Max UE Tx Power
	21 dBm

	Channel update
	per slot (0.5ms)

	TTI
	1.0 ms

	Control overhead 
	29%

	Duration
	20 s + 2 s warm-up

	HARQ
	Max. # of Txs = 3

# of HARQ processes = 6

Retransmission delay = 6ms

Ack/Nack errors = 0%
Re-transmissions are  synchronous with same RB and TF allocation

	Intra-cell power control
	Once every 10ms, Up/Down step size 1dB


	Inter-cell power control
	Once every 10ms, Up/Down step size 0.5dB 



	Scheduling process
	Decentralized Node-B scheduler with 1 serving cell per UE = best DL (same as HSDPA serving cell). No macro diveristy.

	Scheduling algorithm
	Proportional fair with sub-band scheduling

	Scheduling delays
	DL Scheduling Period

1.0 ms

DL Grant delay

2 sub-frames

Uplink SI delay

1 sub-frame

Uplink SI frequency

Once every 10ms



	Data associated UL control signalling
	No data associated UL control signalling is assumed. UE obeys the BW and TF allocation sent down from Node-B. PSD offset and Tx PSD are adjusted accordingly when UE reaches the max. Tx power.

	Decoding
	AWGN link level curves with EESNR mapping

	Channel Estimation
	Realistic 


Table 2: System configuration
Appendix B
 Detailed Performance Curves
[image: image1.emf]0 1 2 3 4 5 6 7 8 9 10

0

0.1

0.2

0.3

0.4

PDF

 

 

0 1 2 3 4 5 6 7 8 9 10

0

0.5

1

IoT (dB)

CDF

PathLossDiffThr=5dB

PathLossDiffThr=10dB

PathLossDiffThr=15dB

PathLossDiffThr=20dB


Figure 1: IoT PDF and CDF under various Path Loss Difference Thresholds for LI
[image: image2.emf]0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Spectral Efficiency (bps/Hz)

CDF

 

 

PathLossDiffThr=5dB

PathLossDiffThr=10dB

PathLossDiffThr=15dB

PathLossDiffThr=20dB


Figure 2: Fairness under various Path Loss Difference Thresholds for LI
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