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1. Background

Improved coverage and increased cell edge bit rates are important requirements for E-UTRA [TR 25.913]. One way to enhance radio performance is through the use of macro diversity with selection combining of UL data simultaneously received in different cells (sites). The logic behind such a solution is based on the principle that the transmitted signal from one terminal will fundamentally be present in multiple cells and it is possible to design a system that would benefit from this fact and not just treat the transmitted signal as interference in the non-serving cells.

The performance aspects of macro diversity has been discussed in RAN1, the outcome of the discussion is captured in an LS to the other RAN groups [R1-050980]. In the last TSG RAN meeting it was decided that RAN1 shall continue its discussion on radio performance gains, and that RAN2/RAN3 shall discuss the impact of macro-diversity on the foreseen radio network and radio protocol architecture.

2. Where is the operator cost?

In order to discuss how a new network deployment will impact the total operator cost, it is important to understand where the majority of the operator expenses are
. This is of course something that differs between operators and countries, and we therefore only do the following very general observations:

· The majority of the total cost for a new network deployment is to build and operate base station sites. RNC and SGSN/GGSN sites are of course also implying a cost for the operator, but this cost is small compared to the cost to build base stations. This as there is a factor 100-500 in difference in terms of number of sites to handle, as well as the fact that RNCs/SGSNs/GGSNs provide better possibilities for physical co-siting.

· Analyzing the cost to build and operate base station sites, the cost for the actual base station equipment is small compared to the total site cost. This is especially true for rural sites that are deployed for coverage reasons, as civil work, antenna towers, power supply, transmission etc adds up to a majority of the site cost

Thus we conclude that when discussing operator’s costs on this very general level, we should in reality discuss “how many base stations sites” or “how many cells” that are required. By minimizing the number of base station sites, we minimize the area in where the operator is having the majority of his expenses. As a positive ad-on, a minimization of number of base station sites will also minimize expenses for network operation and maintenance.

There have been raised arguments claiming that complexity should be minimized in order to reduce the total cost. Although this might be true in theory, this type of arguments falls flat when considering the following example:

Assume that the base station equipment cost in average would consist of for example 10%-20% of the total site cost. Then assume that 3GPP can lower the complexity of the specifications so that the cost of the equipment is reduced by 50% (a very optimistic assumption). In this case, an operator would do a 5%-10% total cost saving, as he still need to provide the same amount of civil work, antenna towers, power supply, transmission etc.

If we on the other hand would be able to provide features that can lower the amount of base station sites, we do not only address the cost of the equipment, but the total cost the operator is having for the network deployment This approach will allow the operator not only to do substantial CAPEX gains, but the fewer number of sites will also generate OPEX gains for the upcoming future.
3. “Coverage is king”

In contribution [SRJ-050144] a model was presented for how the number of Node Bs that operators need to deploy depends on the traffic growth and area to cover. That relation is shown in Figure 1, and for the reader’s convenience, the model is recapitulated in Annex A.
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Figure 1: Relation between the amount of cells an operator need to deploy as a function of traffic

For the following discussion assume that when doing the initial deployment of a future LTE network, coverage will be of outermost importance. We believe that operators will need to deploy a future LTE system not only in “hot-spots” but also in larger areas in order to gain commercial success. There are several reasons for this assumption, in where the most important are that operators might have regulatory requirements to provide coverage, and he might also want to provide higher bit rates in wider areas in order to compete with other fixed and mobile technologies. This is also one of the main reasons why [25.913] include requirements on fallback solutions such as inter system handovers.

Assuming exponential traffic growth, and a built-out model as in Figure 1, we see that the low traffic in the beginning of the system life time will even more motivate the need for solutions that can provide coverage with a minimum number of base station sites. 

We can then do the following observations:

· When deploying a new technology, deploying for coverage is where the operator will have to do the majority of his investment initially and for the upcoming years.

· With an exponential traffic growth, the importance of deployment for coverage will be even enhanced, as most sites will take little traffic initially and it will take time until new sites need to be added for capacity reasons.

· Sites that are deployed for coverage reasons are typically the most problematic for the operator business case. First, they cost typically more to build (more civil work, cost for power supply and transmission etc), and second they generate very little income in terms of traffic, resulting in that it will take a lot of time (if ever) to get these sites rentable. On the other hand, sites that are deployed for capacity reasons are far more rewarding as they typically cost less (the major problem with these sites is not the civil work, but rather to find suitable site locations) and immediately takes traffic and generates income.

· It is reasonable to believe that in order to ease the introduction of a new technology, it is important to control the initial costs for the deployment, as this is the moment where operators need to do heavy CAPEX investments in the new technology.

From this we conclude that “coverage is king”, meaning that when discussing if a radio feature will be beneficial (cost wise) for an operator deploying a new technology, we should understand how this feature will impact the radio coverage.

4. Conclusion and Proposal

In section 2, we have concluded that the majority of the operator cost falls within the category base station site cost. In section 3 we have concluded that the majority of the cells that an operator need to deploy initially and also for the close future are cells that are deployed for coverage reasons.

For that reason, it is proposed that the joint meeting concludes:

When deciding on how a feature impact the operator cost during a new network deployment, it is the number of sites (and as a consequence number of cells) that are required to provide coverage in a certain area, that shall be used as a measure.
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Appendix A - Simple Network Cost Analysis

In this section a simple network cost analysis is used to translate the coverage and capacity gains of macro diversity into CAPEX/OPEX savings for the operator. 

The analysis is applicable in cases where the uplink limits capacity and/or coverage. 

In [1] it was shown that the network cost (both OPEX and CAPEX) is roughly proportional to the number of base station sites. In this model, it is also assumed that the cost of operation and maintenance, transport and higher layer nodes will also scale proportional to the number of base station sites. Thus;
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[image: image2.wmf]AP

N

k

×

, where 
[image: image3.wmf]AP

N

 is the number of base station sites in the network.


The number of base stations required to achieve coverage, 
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As in any network dimensioning exercise, the number of base station required to be deployed will be the maximum of the required number of base stations according to these two different criteria: 
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Figure A1 shows the network cost as a function of the total traffic in the system. Initially the system is coverage limited and the cost doesn’t depend on the traffic in the system, but when the traffic becomes larger than the capacity of the base stations required to achieve coverage, the system becomes capacity limited and the cost increases with the total traffic in the system. 

Figure A2 shows an example of a network cost analysis assuming 27% coverage (radius) gain and 20% capacity gain. The coverage area is 100 km2 and the number of subscriber is 50k giving a subscriber density of 500 per km2. The “Total Network / CAPEX / Subscriber” is analyzed for UL busy hour load / subs from 0 kbps to 20 kbps using the formulas above. It can be show from this quick analysis that even at moderate UL macro diversity gain there is a significant CAPEX gain per subscriber (20%-40%). 

In these figures the increase in cost, due to the extra transport network capacity required for the soft handover case, has not been taken into account. It is expected that for coverage-limited system the main part of the transport cost be fixed due to that the operator need to allocate a certain amount of UL/DL transport (e.g. microwave, fiber) for each site although the load is very low. In such scenario macro diversity will most likely lower the overall transport costs since there will be fewer number of transmission links due to fewer number of sites. It is generally believed that the CAPEX and OPEX gains of having fewer numbers of sites will always be higher than any extra transmission needs for macro diversity. 
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Figure A1. The network cost versus total traffic in the system.
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Figure A2. Example Network CAPEX / Subs Calculation












































































� In this contribution we exclude the cost for acquiring spectrum, as that cost is rather independent of the network deployment.
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