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1. Introduction

RAN1 is studying different inter-cell interference mitigation schemes. Three different categories are identified:

-
Inter-cell Interference randomization

-
Inter-cell Interference cancellation

-
Inter-cell Interference coordination/avoidance

This paper concentrates on the inter-cell interference coordination in the E-UTRA uplink. [1] demonstrated that SC-FDMA meets the  E-UTRA uplink performance requirements given in [2]. The interference coordination scheme included in performance results of [1] was based on a simple scheme which does not require any signaling between different cell sites. The interference coordination considered in [1] was introduced in [3]. The same principle was applied in Motorola’s paper prepared for the Helsinki meeting [4].

This paper presents the system level performance of inter-cell interference coordination with and without channel dependent scheduling. The paper is organized as follows: Chapter 2 presents the principle of considered interference coordination scheme, Chapter 3 contains a brief summary of the simulation assumptions, followed by the simulation results and Conclusions are given in Chapter 4.

2. Interference coordination scheme

A blind interference coordination scheme where different users are arranged into different frequency bands is proposed in this paper. The considered interference coordination is very simple: 

· Users are arranged into different frequency bands according to the path loss. The same principle is used in all the cells

· Different power control target is applied for different path loss groups

As a result of this arrangement, UEs with similar channel conditions will be aligned to the same resource region. The interference coordination scheme is coupled with the slow power control. UEs which are not generating too much interference to the other cells (i.e., having good channel conditions) can be received at relatively high power to achieve higher spectral efficiency. For the cell edge users we apply lower power control target which means that the cell edge users in all the cells are operating at the same region in terms of received power level. An advantage of the considered interference coordination scheme is that it requires neither planning of the network resources nor collaboration between the base stations. 

It is also possible to apply a predefined filling lists on top of proposed interference coordination scheme. The goal of filling lists is to minimize the probability of multiple cells using the same (frequency/time) resource unit when the system is not fully loaded.  This is something similar what is called as Flexible Fractional Frequency Reuse in Samsung’s proposal [5]. The idea of frequency filling list is shown below:

· Frequency/time resources are utilized in each cell with a predefined order (=filling list). The filling lists are generated in such a way that the orthogonality between the cells is maintained as long as possible.

· Filling lists follow a predefined reuse pattern e.g., 1/3

An important point related to the filling lists they can be applied without any dynamic coordination between different cell sites. 

This paper concentrates on the full buffer (=full load) case. Thereby the performance of partial load case applying the principle of filling lists is not considered. Figure 1 shows the frequency allocation principle of the considered interference coordination scheme in the non-scheduled case. It is assumed that there are 16 users / 5 MHz in each cell. We assume Frequency Division Multiplexing (FDM) between different users. Indexes in Figure 1 reflect the propagation loss (path loss + shadow fading) between the terminal and the base station in such a way that smallest index corresponds to the smallest propagation loss. In all the cells users with similar propagation conditions are put into the same frequency band (= path loss group). Different users are put into different frequency bands randomly in case when the interference coordination is switched off.

Figure 2 shows the frequency allocation principle of considered interference coordination scheme in the case of frequency domain channel dependent scheduling. Here we assume that the scheduling bandwidth equals to 1.25 MHz, i.e., there are 4 users per scheduling bandwidth. In the scheduled case the scheduling block equals to the path loss group.


[image: image1]
Figure 1. Frequency allocation principle of considered interference coordination scheme in the non-scheduled case.

[image: image2]
Figure 2. Frequency allocation principle of considered interference coordination scheme in case of frequency domain channel dependent scheduling.
3. Performance evaluation

This chapter compares the system performance of E-UTRA uplink with and without interference coordination. Both scheduled and non-scheduled cases are covered. The considered system is based on is based FDM (Frequency Division Multiplexing). The scheduling bandwidth consists of four sub-bands, each 312.5 kHz. Different sub-bands are distributed evenly over the whole frequency band (5 MHz). There are in total four scheduling blocks in the simulated system.

The simulation assumptions have been aligned to [6]. A network with 19 three-sector sites, i.e., in total 57 cells is assumed. The sites are positioned on a regular hexagonal grid.  Inter-site distance (ISD) of 1732 m with penetration loss of 20 dB was used. Complete simulation assumptions are given in the Appendix [6]. The system was assumed to be fully loaded with frequency reuse of 1/1. 

Results are shown for full buffer (full load) and 16 UEs per sector per 5 MHz. Slow power control was used in the performance simulations. Link adaptation including HARQ with Chase Combining was explicitly implemented in the simulator. Link-to-System mapping was done using AVI interface. AVI curves were simulated assuming practical FDE receiver and realistic channel estimation algorithms. 

Table 1 shows the results of the performance evaluation. Results show that use of simple interference coordination scheme improves significantly both cell edge and average cell throughput performance. This is the case for both scheduled and non-scheduled case.

Table 1. Full Buffer, 5 MHz, ISD=1732 m.
	
	5 percentile user throughput (kb/s)
	Average sector throughput (Mb/s)

	FDM, Round Robin, Interference Coordination OFF
	20.4
	2.78

	FDM, Round Robin, Interference Coordination ON
	28.7
	3.05

	FDM, non-adjacent sub-bands,  Channel Dependent Scheduling (Proportional Fair), Interference Coordination OFF
	39.3
	3.44

	FDM, non-adjacent sub-bands,  Channel Dependent Scheduling (Proportional Fair), Interference Coordination ON
	51.91
	3.88


4. Conclusion

This paper studied the system level performance of inter-cell interference coordination with and without channel dependent scheduling.  Simulation results show that a very simple interference coordination scheme which does not need any dynamic coordination between different cell sites can provide significant gains for both cell edge performance and average sector throughput. This is the case for both scheduled and non-scheduled transmission. As a consequence we propose that centralized interference coordination is not needed in E-UTRA uplink because of the very small gain potential (even negative taking into account additional delay components) and increased signaling load. 
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-----------------------------------Start of text proposal-------------------------------------

9.1.2.7
Inter-cell interference mitigation
The basic approaches to inter-cell interference mitigation for uplink are as follows.
· Co-ordination/avoidance i.e. by fractional re-use of time/frequency resources
· Inter-cell-interference randomization

· Frequency domain spreading

· Slow power control
Regarding the Frequency domain spreading, a spreading gain can be obtained either explicitly by spreading modulation symbols over multiple carriers or implicitly by using repetition code in the channel coding. 
In addition, the use of beam-forming antenna solutions at the base station is a general method that can also be seen as a means for uplink inter-cell-interference mitigation. The feasibility of implementing inter-cell-interference cancellation in uplink needs further investigations.
It should be noted that the different approaches could, at least to some extent, complement each other i.e. they are not necessarily mutually exclusive.

-----------------------------------End of text proposal-------------------------------------

APPENDIX - Macro-cell system simulation baseline parameters

	Parameter
	Assumption

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

	Inter-site distance
	1732 m

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

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4 

	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

	Penetration Loss  
	20 dB

	Antenna pattern [4] (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Carrier Frequency / Bandwidth
	2 GHz/5 MHz

	Channel model
	Typical Urban (TU) 

	UE speeds of interest
	3km/h

	Total BS TX power (Ptotal)
	43dBm

	UE power class
	24dBm 

	Inter-cell Interference Modeling
	UL: Explicit modeling (all cells occupied by UEs),

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
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	Users dropped uniformly in entire cell
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	Minimum distance between UE and cell
	>= 35 meters
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