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1. Introduction

This contribution further addresses the proposal made at the last RAN4 meeting to improve the UE performance tests through better modeling of other-cell interference [1]. In particular, we propose a simple method to improve the other-cell interference modeling: that is, to extend the existing OCNS concept that is used for modeling same-cell interference for the modeling of other-cell interference. This approach would replace the current unrealistic approach of modeling other-cell interference exclusively as additive white Gaussian noise (AWGN), leading to improved test reliability. It will also yield significantly more realistic performance results for improved/advanced receivers optimized for realistic interference-limited environments.

2. Other-Cell Interference: AWGN Modeling Vs. Realistic Interference

The current method of modeling other-cell interference with AWGN does not appropriately model realistic downlink other-cell interference that the UE actually experiences in real-life operation. Several key examples of this are: 

· AWGN Misrepresents the Interference Signal Structure: AWGN represents random noise that cannot be estimated, predicted, or mitigated in the receiver. The best one can do is to utilize a white-noise matched-filter, which maximizes performance in a pure AWGN environment. In reality, however, the interference has a great deal of structure that can be estimated, predicted and mitigated in the receiver through various forms of advanced signal processing, (e.g., multiuser detection, interference cancellation, etc.).

· AWGN Misrepresents the Interference Power  Variability: The average power of an interference signal modeled as AWGN remains constant over time. In reality, however, the other-cell interference seen by the UE undergoes significant variability due to the fading fluctuations (imposed by the channel) of the received signals from the surrounding base stations. Figure 1 illustrates this with two examples, where signal power is plotted (relative to the long term mean) for both realistic other-cell interference (i.e., based on surrounding base station signals) and AWGN-based interference. The graph on the left represents a 6-base station scenario (i.e., other-cell interference is composed of contributions from six neighboring base stations) with a 3GPP Case 3 channel from each base; the distribution of interference from the six other-cell bases is [45% 20% 10% 5% 5% 5%], with the remaining 10% being modeled as AWGN, (this other-cell interference profile is proposed in the next section). In the graph on the right, a single base represents 90% of the other-cell interference power, with the remaining 10% being AWGN; in addition, an ITU Pedestrian A channel is assumed. In both graphs we see substantial power variability and dynamic range for the realistic other-cell interference model. 

· AWGN Misrepresents the Interference Spectrum: The power spectrum of an interference signal based on AWGN is flat. In reality, however, the power spectrum of realistic other-cell interference seen by the UE differs significantly from a flat spectrum. Figure 2 illustrates the difference between the power spectrum of an AWGN signal and the power spectrum of a realistic other-cell interference signal derived from the received signals from the surrounding cells. In the graph on the left a 3GPP Case 3 multipath channel is assumed and in the graph on the right an ITU Pedestrian B channel is assumed. In both graphs several realizations of the interference signal are used to generate several example power spectra, and the same 6 base station other-cell interference distribution used above is assumed. Significant difference between an AWGN spectra and realistic interference spectra are apparent.

[image: image1.wmf]0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

-5

-4

-3

-2

-1

0

1

2

3

4

5

Sec

Ioc Power [dB]

Realistic Ioc Power Level Variations in Time (Case3 Channel, 6 interfering BS)

Realistic Ioc Power 

AWGN-Model Ioc Power

[image: image2.wmf]0

2

4

6

8

10

12

-10

-8

-6

-4

-2

0

2

4

6

Sec

Ioc Power [dB]

Realistic Ioc Power Level Variations in Time (ITUPedestrianA Channel, 1 interfering BS)

Realistic Ioc Power 

AWGN-Model Ioc Power


Figure 1: Signal power of a realistic other-cell interference signal and an AWGN signal (relative to the long-term mean). Two examples are shown.
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Figure 2: Examples of realistic other-cell interference spectra; in each graph the spectrum is shown for several realizations of the other-cell interference signal. The spectrum for the corresponding AWGN-based interference signal is also shown.

3. Extending the OCNS Concept

A mechanism referred to as OCNS (orthogonal channel noise simulator) is currently defined in the 3GPP standard for modeling interference from co-channel same-cell users in the performance requirements tests. In this approach, the spread-factors, channelization codes, and relative power levels of the same-cell co-channel users are specified in the standard, and incorporated into the testing. The OCNS definition for the DCH tests is found in TS 25.101 Annex C.3, Table C.6, and for the HSDPA tests in Annex C.5, Table C.9. 

This approach can be easily extended in order to model other-cell interference as well. We can simply duplicate the same-cell user profile – i.e., the OCNS plus desired user – for a number of interfering base stations. A similar approach is already taken for the soft-handoff tests, where there are two base stations in the test. The only additional parameters needed are the relative power levels of all the interfering base stations in the model, e.g., relative to the desired user’s base station. A straightforward approach for determining the appropriate power levels is to utilize radio network simulations. A number of snapshots can be averaged in order to obtain a realistic and representative power profile.

In the Appendix we report radio network simulation results showing the breakdown of other-cell interference across interfering user base stations for a W-CDMA network. Examining the numbers, we see that the UEs Ior/Ioc value does not very significantly change the average other-cell interference breakdown. Thus, we could conceivably use a single set of numbers for the other-cell interference profile, namely [45% 20% 10% 5% 5% 5%] for six base stations, with the remaining 10% modeled as AWGN. This is the 6 base other-cell interference profile used in the previous section.

4. Impact on the Standard

As demonstrated in [1] the required RAKE-based DCH_Ec/Ior does not change with the improved other-cell interference modeling. Therefore, no changes to the performance requirements are necessary at this point. 

The main change to the standard involves adding additional base stations to the tests with user profiles similar to that of the desired base station (i.e., including OCNS), and with specified relative powers. 

5. Test Feasibility

The improved other-cell interference modeling proposed here will not add undue cost or complexity to the UE performance tests. In the past, it was important to minimize the number of base stations signals included in a test because of a desire to minimize the number of base station simulators and channel simulators required. Today, however, relatively inexpensive off-the-shelf equipment exists that can play back very large amounts of recorded I/Q waveform baseband data. In this way, signals from a number of base stations can be easily pre-generated, combined, and stored to a file to be played back during the tests.

6. Benefits

In W-CDMA, other-cell interference often has a dominant impact on UE performance. More accurate modeling of other-cell interference – as independent W-CDMA multipath fading signals, instead of constant additive white Gaussian noise – brings testing a significant step closer to field-test conditions and actual UE operation. This will improve testing regarding a number of key UE components, such as the AGC, decoder, filters, control loops, etc. Thus, testing will more reliably predict actual receiver performance. 

Another important benefit of more accurately modeling other-cell interference is that it better supports improved/advanced receivers, which are often optimized for realistic interference environments. Using AWGN to model other-cell interference minimizes and masks the true receiver performance gains available from some of these advanced receivers. This situation encourages UE design optimization for receiver conditions that do not reflect reality. More realistic modeling of other-cell interference will encourage the introduction of receivers optimized for realistic environments.

Enhancing the potential UE test performance through advanced baseband processing has an additional potential benefit. It provides vendors with an additional degree of freedom in optimizing UE design. Potential performance benefits obtained through relatively inexpensive advanced baseband processing can be traded off in other areas of the UE to reduce cost, power consumption, or PCB area.

7. Conclusion and Suggested Way Forward

We have proposed a simple method for improving other-cell interference modeling – that is, to extend the existing OCNS concept used to model same-cell interference. Thus, a number of additional base stations would be added to the tests, with each base station configured in a similar manner as the desired cell. We also presented a suggestion for the relative power levels of these additional base stations, which was obtained with the help of radio network simulations. 

The additional base stations need not significantly increase test cost or complexity because of the relatively inexpensive off-the-shelf equipment available today that can record and play back lengthy I/Q baseband waveforms. This new approach also need not require major changes to the standard, since RAKE-based UE performance requirements would not change.

The motivation for this proposal derives from the fact that performance of W-CDMA UEs is significantly affected by other-cell interference. We have demonstrated how using an AWGN-based model for the other-cell interference misrepresents its structure, its power variability, and its power spectrum. Improved modeling of other-cell interference from AWGN to more realistic W-CDMA interference will bring testing closer to field test conditions and significantly improve test reliability. It will also better support and encourage the development of advanced receivers optimized for realistic interference environments. 

We suggest that the way forward to progress this work should be based on the following points: 

· There should be agreement in principle to the goal of more realistically modeling other-cell interference for improved UE testing.

· A methodology should be agreed upon for improving the other-cell interference modeling. 

· The ultimate goals of this work should be to replace the current unrealistic AWGN modeling of other-cell interference with more realistic modeling for all of the tests in the standard. Agreement should be reached over what portion of the tests can be changed in the short term for Release 6.

One other issue that needs to be clarified regards the work item under which this work has been proposed, namely “Improving Receiver Performance Requirements for the FDD UE”. There has been some ambiguity regarding the scope of this work item. We propose that RAN4 clarify that the work item scope includes improving the performance requirements through improvements to the tests, (i.e., making the performance requirements more meaningful). This scope would include the current proposal as well as the proposal in [3].
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Appendix

Below we report radio network simulation results showing the breakdown of other-cell interference across interfering user base stations for a W-CDMA network. In other words, we record the average percentage of interference that occurs due to the strongest B base stations. We have averaged over 100 simulation snapshots to obtain these results. The radio network simulator is very similar to the standard one described in [2], (except that we model the actual multipath fading instead of using a constant orthogonality factor).  The results here were actually generated for voice users with a Case 3 channel, but they were found to be generally representative (the results were virtually indistinguishable from scenarios with Case 1 & Case 2 channels and with 64 kbps and 144 kbps users). Table 1 below considers all UEs for different approximate Ior/Ioc values, while Table 2 considers only UEs in 2-way soft-handoff (similar to the soft-handoff test in 25.101 Clause 8.7). Note that for Table 2 the total active set power is included in the computation of Ior. Also note that for each approximate Ior/Ioc value, UEs within +/-1 dB of the specified value were included in the averaging.

Table 1: Percentage of Other-Cell Interference Due to “B” Base Stations
	Approximate Ior/Ioc
	B=1
	B=2
	B=3
	B=4
	B=5
	B=6

	All Values
	45%
	65%
	75%
	82% 
	86%
	89%

	10 dB
	41%
	60%
	72%
	80%
	86%
	89%

	9 dB
	42%
	61%
	72%
	80%
	85%
	89%

	6 dB
	47%
	65%
	74%
	80%
	85%
	88%

	3 dB
	50%
	67%
	76%
	82%
	86%
	89%

	2 dB
	51%
	69%
	78%
	83%
	87%
	90%

	-3 dB
	38%
	61%
	73%
	80%
	84%
	88%


Table 2: Percentage of Other-Cell Interference Due to “B” Base Stations; 2-Way Soft-Handoff
	Approximate Ior/Ioc
	B=1
	B=2
	B=3
	B=4
	B=5
	B=6

	All Values
	39%
	57%
	67%
	75%
	80%
	84%

	9 dB
	37%
	55%
	66%
	73%
	78%
	83%

	6 dB
	41%
	59%
	68%
	75%
	80%
	84%

	3 dB
	38%
	57%
	68%
	75%
	80%
	84%
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