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1 Introduction
Various relay schemes have been proposed in LTE-Advanced to improve coverage and capacity. To evaluate the performance benefits of relay technology, accurate yet simple channel models are desirable. In this contribution, we recommend a path loss model in urban or suburban environment for NLOS propagation between Node Relay (NR) and UE, where both nodes are located below the rooftop level. This model is also applicable to NR-NR link if both nodes are below the rooftop. 
2 Recommended path loss model 
Consider the scenario in Figure 1 in which both NR and UE antenna heights are below the rooftop, and located on different streets. The recommended path loss model in this case takes the minimum of an over-the-rooftop component and a modified Berg (around the street) model component. The modified Berg model [1] is used to describe the propagation loss close to the transmitter; however, as distance increases, the ETSI over-the-rooftop model [1] provides a more accurate estimate of the path loss.  
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Figure 1 NR-UE NLOS scenario
The modified Berg model includes an initial LOS component till a breakpoint and a round-the-street component afterwards. The breakpoint is defined based on the antenna heights of NR and UE, the distance of the first street section, as well as effective road height. The effective road height takes account of the effect of traffic and reduces NR and UE heights. In addition, a visibility factor is included which reduces the path loss further as distance increases.
The detailed path loss model is described as follows with the street geometry for modified Berg model shown in Figure 2.
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Figure 2 Geometry of street sections used for modified Berg model
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For below rooftop propagation between NR and UE, the radio link can be either LOS (NR and UE are located on the same street and a direct path exists) or NLOS. In the simulation, certain LOS probabilities can be defined. For an NLOS radio link, the path loss model presented in this contribution can be used for both urban and suburban environments.

The recommended NLOS path loss model has been compared with field measurements taken in central London. In the experiments, the antenna height at base site is 5m and the mobile was a trolley with an antenna height of 1.3m. Figure 3 shows that there is excellent agreement between the predicted and measured values. The discontinuity in the modified Berg model at ~60m corresponds well with the dimensions of the street layout immediately surrounding the base site. Beyond 100m the ETSI over the rooftop model closely tracks the experimental measurements for outdoor locations. 
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Figure 3 Microcellular propagation results [2]
3 Conclusion
We recommended a path loss model in urban or suburban environment for NLOS propagation between NR and UE where both nodes are located below the rooftop level. The model is a combination of modified Berg model and the ESTI over-the-rooftop model. It agrees with the experimental measurements and has been adopted by the IEEE802.16j evaluation methodology [3]. 
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