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1 Introduction
This document addresses the topics of Section 6.6 of the TR, “Frequency re-use” ‎[1]. This section, according to the editor’s note, should cover the frequency re-use aspects and the interference problems. The frequency re-use is discussed and the problem of the impact of inter-cell interference on performance is addressed. Text inputs are also proposed for the TR.
2 Frequency Re-Use

The assumption regarding the frequency re-use for the OFDM study has been that the same 5MHz carrier can be re-used in each cell, which is often referred to a full frequency re-use, or frequency re-use factor of 1. The main benefit of such a frequency re-use is mainly ease of deployment, given that no frequency planning is required. In the case of the introduction of OFDM in UTRAN, it would be also desirable to maintain this property, which is already available with WCDMA.
Note however that using the same 5MHz carrier in each cell does not necessarily imply that all of the OFDM sub-carriers would be re-used equally in each cell. One could consider several methods based on the orthogonality of OFDM sub-carriers (even in systems that are not time-synchronised) to improve the coverage (e.g. see ‎[2]). The feasibility, benefits and costs of such methods are FFS.
3 Inter-Cell Interference

Given a frequency re-use factor of 1, the system becomes interference-limited, and the interference perceived by the UE from the different cells might not be perfectly white, as assumed in the simulation results in ‎[1]. First, the interfering signals undergo time dispersion, and hence, do not have a flat spectrum. Furthermore, if the OFDM units are not all being used in the interfering cells, the resulting spectrum from each of these partially-load interfering cells will contain gaps. It is therefore likely that the total interference spectrum observed by the UE would not be flat, and hence, it might not be accurately modelled using white noise.
When realistic interference profiles are considered, the modelling of OFDM link-level performance using the EESM (Exponential Effective SIR Mapping) has been validated in different contributions (e.g. see ‎[3] and ‎[4]. One could therefore evaluate the impact of realistic multi-cell interference on the link-level performance using the EESM. It is therefore proposed, in this section, to verify the impact of realistic inter-cell interference on the link-level performance using the EESM.
3.1 Simulation Assumptions
To assess the impact of realistic interference, the cell layout described in TR25.892 is used ‎[1]. This 19-cell layout is illustrated in Figure 1. All of the system-level assumptions listed in ‎[1] are also used (e.g. path loss, antenna pattern, log-normal shadowing, etc.). 
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Figure 1: Reference cell layout

Using this reference layout and simulation assumptions, it is possible to drop a UE in the system and compute its average received power from each of the 3x19=57 sectors, taking into account path loss, shadowing etc. The strongest sector is used to select the serving cell for this UE. The other sectors are then interfering with this desired signal.

The interference profile over a 2ms sub-frame can be generated taking into account the channel instantiations and the load on the interfering cells. The channel instantiation from the serving sector can then be used to compute the SIR for each sub-carrier and each OFDM symbol over the 2ms sub-frame. An example of 2ms SIR time-frequency profile is presented in Figure 2. This SIR profile can then be used in conjunction with the EESM to model the performance in these conditions, as proposed in ‎[3] and ‎[4].
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Figure 2: SIR profile for a 2ms sub-frame with 10 OFDM units in interfering cells
Perfect CQI feedback is assumed, and so the modulation and code set maximising the throughput is selected. The throughput obtained using this EESM modelling represents the throughput that the UE should expect for the current conditions if it had a sufficiently full queue and was granted the complete sub-frame by the MAC-hs. Note that HARQ is not taken into account.
The simulation assumptions used to generate the results presented in this document are summarised in Table 1.
	Parameter
	Value

	System configuration:

Cell layout, path loss, antenna profile, shadowing, etc.
	See ‎[1]

	Site to site distance
	2.8km

	Number of drops
	100

	Number of UEs per drop
	100

	OFDM parameters
	Set 2 of ‎[1]

	OFDM units
	15 units of 480 symbols per sub-frame, 85% of the time-frequency resource

	OFDM traffic multiplexing
	Based on Costas sequence (see ‎[1])

	OFDM-CPICH
	5% of the time-frequency resource, 10% of total power

	OFDM signalling and other common channels
	10% of the time-frequency resource, 10% of power

	Channel experienced from the serving cell
	Pedestrian A or B

	Channel experienced from the interfering cells
	Pedestrian B

	EESM beta values
	See A.4.6.1 in ‎[1]

	Sub-frame alignment from the different cells perceived by UE
	Uniformly distributed in [0,2] ms


Table 1: Simulation assumptions
3.2 Simulation Results
Simulation results are presented in Figure 3 and Figure 4 for Pedestrian A and B channel models, respectively. The results are illustrated as the average throughput achievable for a given geometry. The throughput obtained using realistic interference is also compared to that obtained for interference modelled as AWGN with the same power.
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Figure 3: Link-Level Performance in Pedestrian A
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Figure 4: Link-Level Performance in Pedestrian B
From these Figures, the following observations can be made:
· As expected, the performance is improving when the number of OFDM units used in the interfering cells is reduced (as in WCDMA). Hence, the fully loaded case can be considered as a worse-case.

· The throughput obtained with the realistic interference profile is larger or equal to that obtained for interference modeled as AWGN with the same power. Hence, the AWGN assumption is conservative.

4 Conclusion
Assuming a full frequency re-use, the impact of realistic interference on link-level performance has been evaluated. It appears that the simulation results included in the TR based on fully-loaded cells and interference modeled as AWGN could be considered as conservative.
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6 Text Proposals

6.1 Text Proposal for Section 6.6

-------------------------------START of the TEXT --------------------------------------

6.6
Frequency Re-use and Inter-cell Interference


6.6.1
Frequency Re-use

The assumption regarding the frequency re-use for the OFDM study has been that the same 5MHz carrier can be re-used in each cell, which is often referred to a full frequency re-use, or frequency re-use factor of 1. The main benefit of such a frequency re-use is mainly ease of deployment, given that no frequency planning is required. In the case of the introduction of OFDM in UTRAN, it would be also desirable to maintain this property, which is already available with WCDMA.
Note however that using the same 5MHz carrier in each cell does not necessarily imply that all of the OFDM sub-carriers would be re-used equally in each cell. One could consider several methods based on the orthogonality of OFDM sub-carriers (even in systems that are not time-synchronised) to improve the coverage. The feasibility, benefits and costs of such methods are FFS.
6.6.2
Inter-cell Interference
Given a frequency re-use factor of 1, the system becomes interference-limited, and the interference perceived by the UE from the different cells might not be perfectly white, as assumed for most of the simulations. First, the interfering signals undergo time dispersion, and hence, do not have a flat spectrum. Furthermore, if the OFDM units are not all being used in the interfering cells, the resulting spectrum from each of these partially-load interfering cells will contain gaps. It is therefore likely that the total interference spectrum observed by the UE would not be flat, and hence, it might not be accurately modelled using white noise.
The impact of realistic inter-cell interference on performance has therefore been evaluated using the Exponential Effective SIR Mapping (EESM). The results are presented in Annex A.2. The following conclusions might be drawn from these results:

· As expected, the performance is improving when the number of OFDM units used in the interfering cells is reduced (as in WCDMA). Hence, the fully loaded case can be considered as a worse-case.

· The throughput obtained with the realistic interference profile is larger or equal to that obtained for interference modeled as AWGN with the same power. Hence, the AWGN assumption is conservative.

-------------------------------END of the TEXT --------------------------------------

6.2 Text Proposal for Annex A.2
-------------------------------START of the TEXT --------------------------------------

A.2.x
Link-Level Performance with Realistic Performance Using EESM Modelling

The simulation assumptions used to generate the results presented in this section are summarised in Table 2.

	Parameter
	Value

	System configuration:

Cell layout, path loss, antenna profile, shadowing, etc.
	See A.3

	Site to site distance
	2.8km

	Number of drops
	100

	Number of UEs per drop
	100

	OFDM parameters
	Set 2

	OFDM units
	15 units of 480 symbols per sub-frame, 85% of the time-frequency resource

	OFDM traffic multiplexing
	Based on Costas sequence (see 6.2.4)

	OFDM-CPICH
	5% of the time-frequency resource, 10% of total power

	OFDM signalling and other common channels
	10% of the time-frequency resource, 10% of power

	Channel experienced from the serving cell
	Pedestrian A or B

	Channel experienced from the interfering cells
	Pedestrian B

	EESM beta values
	See A.4.6.1

	Sub-frame alignment from the different cells perceived by UE
	Uniformly distributed in [0,2] ms


Table 2: Simulation assumptions

Simulation results are presented in Figure 3 and Figure 4 for Pedestrian A and B channel models, respectively. The results are illustrated as the average throughput achievable for a given geometry. The throughput obtained using realistic interference is also compared to that obtained for interference modelled as AWGN with the same power.
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Figure 5: Link-Level Performance in Pedestrian A
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Figure 6: Link-Level Performance in Pedestrian B
-------------------------------END of the TEXT --------------------------------------
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