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6.8 Addressing the Challenges with Multi-Tenant High Rise Buildings
A major challenge faced by utilities in Dense Urban and Urban centers is establishing a reliable communications link between the Smart Meter and the HAN in high-rise, multi-tenant buildings. With the utilities infrastructure generally underground, meter banks are often located at ground level in weatherized enclosures or below ground in basement locations. To consider an all-indoor wireless solution for this application, one must take into account the excess path loss caused by successive floor penetrations.  

A number of indoor path loss models were described in section 5.2.1.2. Two of the models, ITU-R M.1225 and WINNER II, include a parameter for predicting floor-to-floor penetration losses. Although the two models diverge considerably with an increased number of floor penetrations, both predict a higher penetration loss for the first floor with a diminishing loss per floor for successive floors. For three floor penetrations the ITU model predicts 25 dB excess path loss at 1900 MHz and the WINNER II model predicts 44 dB. Another field study cited in Section 5.2.1.2 predicts about 35 dB for three floor penetrations, which coincidentally, is close to the average loss predicted by the two path loss models.
Whichever model is used to project floor-to-floor penetration loss, it is clear that propagation paths that go beyond 4 or 5 levels will create a major deployment challenge for an all-indoor wireless meter to HAN connection. In addition to the high total path loss, EIRP limitations to comply with human safety exposure limits further reduces the range potential  for an indoor wireless link. One potential deployment solution is to position relays every 2 to 4 floors. This approach might be suitable for buildings under 9 or 10 stories but probably not cost-effective for taller buildings.
6.8.1 An Alternative Wireless Approach
An alternative deployment approach for a wireless solution that can be considered for this scenario is one in which a basement-located DAP communicates with an outdoor pole-mounted
 base station acting as a relay to connect to apartment HANs on higher floors as illustrated in figure 1. In addition to reducing the net penetration loss compared to the all-indoor wireless solution, this approach can take advantage of higher gain antennas and higher EIRPs on the outdoor pole-mounted base station labeled as “Relay Node” in the figure. 

The Relay Node serves multiple functions. It provides a PtP link to the basement-located DAP, a PMP link to the HANs in the multi-tenant building, and a backhaul link to a Macro-Cell in the NAN or WAN.


Figure 1: Approach for basement to HAN connections in multi-story buildings
To better understand the attributes for this approach, it is informative to look at the characteristics of each communications link individually.
Basement-located AMI Network: This is a totally indoor PMP link probably comprising a single sector in a license-exempt band to aggregate the data traffic to and from the smart meters. The meters are typically tightly clustered and the distances to the DAP will relatively short. The DAP can be strategically positioned for the most optimal favorable propagation path to the outdoor pole-mounted Relay Node. Where very high penetrations losses are anticipated one can consider running a line to an outdoor mounted antenna. The cable losses will be far less than the basement to outdoor penetration loss thus greatly increasing the link margin.
DAP to/from Relay Node:  Both the DAP and the Relay Node would employ a high gain, narrow beamwidth antenna to provide a PtP connection between the two sites. Although the DAP EIRP, depending on how and where it is mounted, may still be limited for compliance to human safety exposure limits, the narrow beamwidth will help mitigate the potential for interference in a license-exempt band. Even with dedicated spectrum, the narrow beamwidth will help protect against interference from a similar deployment in the adjacent building or the next block. With careful antenna positioning and alignment at each end of the link and the relatively short path length, the 20 dB to 30 dB penetration loss will be easily accommodated. With the lower EIRP at the DAP the link budget in the UL will be the dominant determinant for the link budget and link availability.
Relay Node to/from HAN: At the Relay Node this would be a single sector PMP link in an unlicensed band consistent with the operating frequency of the HANs. Rather than being optimized for surface area coverage, the PMP antenna would be positioned to have wide elevation angle and relatively narrow azimuth consistent with the building height to width ratio. The link budget would have to take into account at least one external wall and in some cases multiple internal walls to access individual HANS. The relatively shallow angle of incidence for the upper floors in a very high building will result in a higher penetration loss than that encountered with the lower floors. As in the last case, the link budget in the UL will be the major determinant for the link performance due to the lower EIRP and lower antenna gain for the HAN.
Relay Node Backhaul to/from Macro-Cell: The backhaul connection for the Relay Node would employ a high gain fixed antenna that is aligned to optimize the link between it and the Macro-Cell base station which would typically be mounted on one of the adjacent building roof-tops for maximum coverage. The Macro-Cell BS would employ a typical PMP sector antenna to provide a backhaul for several Relay Nodes or other Pico-Cells (DAPS) within its coverage area. Since the Relay Node would be mounted on a pole about 8 to 10 meters above ground, accessible only by trained personnel, it would be able to operate at a higher EIRP. The narrow antenna beamwidth would also help to mitigate the potential for interference to the relay node. For this link the DL and UL link budgets would be quite comparable due to the higher antenna gain at the relay node.
Figure 2: Detailed view of the network architecture
6.8.2 Conclusion
Implementation of the alternative to an all-indoor wireless solution described above depends on having access to a conveniently located structure for mounting the “Relay Node” equipment and associated antennas. The location must provide a good propagation path to the antenna for the basement-located DAP as well as to the HANs on the highest floors. In some situations it may pay to take advantage of the roof-mounted Macro-Cell base station site. This site may have a better propagation path to HANs on the highest floors of the building while the Relay Node can be used for connectivity to the lower floors in the building. 
� Pole is used generically to indicate any suitable existing mounting location, such as a street light, traffic light structure, or the side of a building across the street.
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