3GPP TSG RAN1 #47 





                     R1-063066
Riga, Latvia
November 6-10, 2006

Agenda Item:

6.9
Source:


Motorola

Title:


DL Power Allocation for Dynamic Interference Avoidance in E-UTRA
Document for:

Discussion

1. Introduction

Interference avoidance has been recognized as an important technique for downlink performance enhancement. This contribution studies using power control as a mean of statistical interference avoidance and compares it with static interference avoidance. The simulations show the edge-of-cell performance can be dramatically improved at almost no loss of system performance. 
2. Power Control and Interference Avoidance

Downlink interference avoidance can be implemented as power management at the Node-B. In such a case, a power profile is applied at the Node-B where the transmit power is varied across frequency and scheduled users in either fixed or dynamic fashion.
Static interference avoidance using fixed power profile is also referred as “fractional frequency reuse” [2]

 REF _Ref146700924 \r \h 
[3], where certain RBs are allocated low power than others RBs, and the reservations of low-power RBs are in a 1×N reuse pattern. A sample of the fixed power profile with N=3 is depicted in Figure 1. A Node-B will contribute less interference in its low-power (green) RBs to neighboring cells, hence the edge-of-cell users can be assigned to those low interference (purple) RBs to improve the user throughput. 
Nevertheless, the optimal reuse pattern depends on the system load and need to be carefully chosen. To maintain the reuse pattern across cells it is necessary that the pattern be static or semi-static such that the pattern changes only in a large time scale otherwise coordination is required and is likely based on inter-cell communication. Namely, the inter-cell communication is required when the traffic and the system load changes dramatically, which brings on extra overhead. Furthermore, the fixed power profile takes advantage of interference avoidance at the price of a loss in frequency selectivity, since edge-of-cell users are assigned to some reserved RBs in which they may not see a strong channel gain. Simulation has shown that 5%-tile user throughput has been improved with a noticeable degradation in system throughput for these fixed power profiles.
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Figure 1 – Fixed Power Profile of Interference Avoidance

The dynamic power profile, or power control, however, can improve QoS without much degradation on system performance or even providing some gain. The algorithm is outlined as below:

1. Frequency-domain scheduling and initial link adaptation.

2. Reduce power on a subset of scheduled users (the high-SNR UEs) according to a given criterion.

3. Redistribute power across the rest of the scheduled users (the edge-of-cell UEs). 

4. Estimate the change in interference and update the CQI of edge-of-cell UEs.

5. Re-apply link adaptation for edge-of-cell UEs.

The grouping of users into subsets impacts the aggressiveness of the power control scheme. We can define an edge-of-cell user by its long-term CQI or geometry being below a threshold; or dynamically designate a user with the MCS level lower than a threshold to the edge-of-cell subset. The power reduction criterion can be a target FER, or a constant power back-off. 
Considering the difficulty of inter-cell communication, we assume a blind power-control. Therefore, it is hard to capture the interference variation resulted from other cells’ power control and requires some interference prediction. One simple approach is to assume an identical power statistical distribution among cells. Therefore, by monitoring its own power redistribution, a Node-B can predict the interference distribution and adjust the CQI for UEs. For example, an exponential-window average of power allocations can be used to estimate the mean of interference variation. In addition, the Node-B can monitor the DL ACK/NACK (sent on UL) to adjust the predicted interference level. This interference prediction requires no a priori information and can adapt to the change of system load and traffic conditions.

Based on the fact (due to multi-user scheduling) that a RB is more likely in strong channel gain for the corresponding scheduled UE,  edge-of-cell UEs in the neighboring cells are less likely to be assigned to the same RBs or at least the RB allocations between cells will appear to be random in terms of UE’s channel quality. Therefore an edge-of-cell UE is likely to experience reduced interference compared to without power control, such that the power control scheme can be considered a form of “statistical interference avoidance” in contrast with static interference avoidance. Since we reduce the power of high-SNR UEs according to a target FER, the high-SNR UEs do not have to sacrifice their performance and hence system performance is maintained.

3. 10MHz E-UTRA System Performance

System simulations in this contribution were conducted on case 3 of [1], as summarized in Table 1. Detailed simulation parameters are given in Annex A. 

	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	3
	2.0
	1732
	10
	20
	3


Table 1 – Simulation parameters for case 3 from TR 25.814
Interference avoidance (IA) using both fixed and dynamic power profile are simulated, as shown in Figure 2 and Figure 3 respectively. The results comparing IA with fixed power profile and no-IA are summarized in Table 2 for 10 UE/sector, and detailed results are given in Annex B.
Table 2-Performance comparison for IA with fixed power profile
	
	Frequency-domain Proportion Fairness 

(FDS) 
	Frequency-Domain Round Robin 

(FRR)

	
	No IA
	IA
	Gain
	No IA
	IA
	Gain

	Sector tput
	17226
	15635
	-9%
	15648
	9251
	-12%

	5%-tile tput
	428
	484
	13%
	242
	307
	26%


To better simulate the interference variation for power control (PC), UEs are dropped in a different method to cover the whole plane. The results with and without PC are given in Table 3 for 10 UE/sector, and detailed results are given in Annex B. PC schemes with different aggressiveness are shown here, by using different thresholds for high-SNR UE.

Table 3 - Performance comparison for PC and no-PC

	
	No PC
	PC
	Gain
	PC 2
	Gain

	Sector tput
	17107
	16823
	-1.5%
	17314
	1.4%

	5%-tile tput
	351
	440
	25%
	421
	20%


4. Conclusions

This contribution studies interference avoidance by using fixed or dynamic power profile. The IA with fixed power profile shows around 15-25% gain in edge-of-cell performance, with a 10-13% loss in sector throughput. On the contrary, the IA with dynamic power profile, or power control, show substations gain of edge-of-cell performance with little loss or even some gain in system performance. For example, by using different aggressiveness, the power control can provide no loss or up to 2% gain in sector throughput, while the gain in 5%-tile user throughput is from 15% to 25%.
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ANNEX A – System Simulation Assumptions

Table 4 - Macro-cell system simulation baseline parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	System Evaluation Scenario
	Case 3 (1732m ISD, 20dB penetration loss, 10MHz BW)

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	6-ray GSM Typical Urban (TU)

	Total BS TX power (Ptotal)
	43dBm and 46dBm

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	35 meters

	AMC
	ON  (2/3<MCS<5)

	HARQ
	IR with N=6 stop-and-wait HARQ protocol

	OFDM symbols (Data symbols) per subframe
	7 (5)

	Scheduler
	PF (both in time and frequency domain)

	Link Mapping
	EESM

	E-UTRA BS Transmitter  x UE Receiver
	1x2 

	Other Cell interference
	Depends on the power profile used


ANNEX B – System Simulation Results

[image: image4.emf]0

100

200

300

400

500

600

7000 9000 11000 13000 15000 17000 19000

Sector Tput (Kbps)

5%-tile UE Tput (Kbps)

FDS, no IA

FDS, IA

FRR, no IA

FRR, IA

Traffic: Full Buffer

Scheduler: PF          

Channel: TU, 3km/h

Bandwidth: 10MHz, FDD

Cell Size: 1732m ISD

-10%

-13%

15-25%

15-25%


Figure 2 - Comparison of Performance with or without Fixed-Power-Profile Interference Avoidance
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Figure 3 – Comparison of Performance with or without power control.
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