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1. Introduction

In this contribution, we propose to improve the UE performance tests through the introduction of better modeling of other-cell interference (Ioc).  This proposal is in-line with recent discussions in RAN4 about improving the UE performance requirements tests under the Work Item “Improving Receiver Performance Requirements for the FDD UE”, such as the recent proposal related to power control [1-4].

2. Improved Ioc Modeling 

In W-CDMA, most of the interference seen by the UE is due to many other co-channel W-CDMA user signals transmitted from both the serving base station and from the multiple surrounding neighbor base stations on the downlink. The signals from the surrounding base stations – the “other-cell” interference – often have a dominant impact on limiting performance, particularly for users closer to the edge of a cell, (i.e., with low Ior/Ioc).  Despite this significance, other-cell interference is not currently realistically modeled in the W-CDMA performance tests; rather, the overall other-cell interference is represented as Additive White Gaussian Noise (AWGN).  

Directly modeling the actual other-cell interfering downlink W-CDMA signals would be a more realistic representation of Ioc, and would be a major improvement to the performance tests. This approach leads to a number of key benefits:

1. Improved Test Reliability: By accurately modeling Ioc we are bringing the performance tests a significant step closer to what we would expect to find in real-life UE operation. Verifying the performance of the UE under fixed-power AWGN Ioc conditions does not guarantee appropriate performance in realistic environments, where Ioc is made up of a number of fading downlink W-CDMA signals. More realistic modeling of Ioc will better test many aspects of the UE, leading to improved overall test reliability. In addition, better Ioc modeling could also be extended to incorporate interference sources from other technologies, such as GSM, Bluetooth, and Wireless LAN. 

2. Improved Receivers:  The current approach to modeling Ioc is geared towards the RAKE receiver, which is optimal in AWGN. In real life, however, downlink cellular interference is mostly not AWGN and thus, significantly better receivers, e.g., employing Multiuser Detection or Interference Cancellation, can be utilized to obtain large improvements in performance. The modeling of Ioc as AWGN effectively discourages innovation and retards the replacement of the RAKE with advanced receivers. The current situation is such that receivers that perform significantly better than the RAKE under realistic operating conditions, show little or no gain in many of the performance tests. This encourages UE design optimization for receiver conditions that do not reflect reality. More realistically modeling other-cell interference will encourage the introduction of receivers optimized for realistic environments.

3. Increased Design Flexibility: Advanced baseband receiver solutions are an attractive way of obtaining gains in performance, due to their relatively small impact on overall bill of material (BOM), current consumption, and PCB area. In addition, these costs generally shrink with time due to constant improvements in fabrication technology.  Thus, a good design approach might be to trade off some baseband performance gains for relaxed requirements in other parts of the phone. For example, relaxed requirements at the RF front end can lead to BOM, power, and/or PCB area savings, as well as simplified RF / baseband integration. The large potential for baseband performance gains that is opened up by realistic modeling of Ioc will empower UE vendors to make better cost/benefit tradeoffs in optimizing the UE.

The artificial limits on performance that the current Ioc modeling creates can be illustrated by looking at the simulated performance of an ideal interference cancellation (IC) receiver; this receiver provides an upper bound on advanced receiver performance, and is often referred to in the literature as the single-user bound. The ideal IC receiver assumes that all serving-cell and other-cell interference (non-AWGN) is ideally cancelled. The graphs below consider two example performance tests – the Case 1 and Case 3 12.2 kbps performance requirements tests from TS 25.101 (tests 1 & 9 of the multipath fading DCH demodulation tests). The Ior/Ioc given for these tests are 9 dB and –3 dB, respectively. The IC simulations are ideal except for channel estimation used for RAKE combining and a noise floor set conservatively around 15 dB below received serving-cell power (Ior). The four curves shown represent the block error rate performance (BLER) of: 

1) Ideal RAKE receiver with Ioc = AWGN. This curve illustrates the approximate current UE performance requirements in 25.101 before margins are added.

2) Ideal RAKE receiver with realistic Ioc. For the Case 3 example we used a 7 base power profile of {-3,-4,-5,-5,-6,-7.4} dB, (leading to Ior/Ioc = -3 dB), and for  the Case 1 example we used a 7 base power profile of {-17,-17,-18,-18,-19,-20} dB, (leading to Ior/Ioc = 9 dB). As expected, we see below that RAKE receiver performance is not significantly affected by the change in Ioc model. 

3) Ideal interference cancellation receiver with Ioc = AWGN. Here the serving-cell interference (caused because of the loss of orthogonality due to multipath) is ideally canceled, but the other-cell interference is modeled as AWGN, (and thus, cannot be canceled).

4) Ideal interference cancellation receiver realistic Ioc. Here both serving-cell and all other-cell W-CDMA interfering signals are ideally canceled. 
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We see that when Ioc is modeled as AWGN, then even using an ideal interference cancellation receiver only results in relatively small gains in performance. On the other hand, with realistic modeling of Ioc, a very large potential for performance improvement is seen to open up. Thus, the current approach to interference modeling in the 3GPP W-CDMA performance tests severely masks the true performance potential of advanced W-CDMA receivers.

The bottom line is that the current testing situation encourages receiver design optimized for AWGN environments. We should, however, strive to create test conditions that encourage receiver optimization for realistic operating conditions.

3. Proposed New Testing Approach

In order to model other-cell interference properly, we need to specify for each test a received relative power profile that the UE sees from all surrounding base stations. A network simulator, similar to the one used in TR 25.942 [5], can be used to determine these values in accordance with the Ior/Ioc value given for each test.

For illustration, we show below a diagram of the new potential test set-up for the DCH multipath fading tests (modified from Figure A.10 of TS 34.121 [6]). The only change is the replacement of the AWGN Ioc noise source with a more realistic Ioc interference model.
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The modification to the tests that we are proposing should not add undue cost or complexity, two key factors to be taken into account in establishing reasonable performance tests. One possible approach would be to utilize physical layer simulations (in conjunction with the power profiles generated through network simulations) to generate the received Ioc baseband signals, and to record them to a file. Different files could be created for different tests. The files could then be “played” back using some sort of baseband file player, and converted to RF using an RF upconverter. This approach offers significant flexibility to develop realistic tests for a wide variety of test scenarios. 

4. Conclusion

We believe that the time has come to improve interference modeling for the W-CDMA performance tests. Rather than simply using an AWGN model, an unrealistic interference model optimized for the RAKE receiver, we should utilize realistic models of the actual interference signals. This relatively simple change represents a paradigm shift in approach to performance testing, which can lead to improved test reliability, improved receivers (optimized for realistic environments instead of AWGN environments), and increased flexibility in trading off costs and benefits in UE design. 
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