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1 Introduction

When deploying WCDMA operators need to be assured of their 3G business case. In an initial phase it is expected that area coverage and deployment costs will be in focus. In the following phase when traffic is increasing, capacity and capabilities will be of importance. After this phase the amount of spectrum available and efficient utilisation of existing spectrum is expected to be of high interest to a WCDMA operator.

WCDMA will be deployed in paired spectrum on a global basis. The Variable Duplex Technology, VDT, is included in the feasibility study developed further in the TR 25.889.

This document describes one opportunity for using VDT to increase traffic capacity in a scenario with macro and indoor cells using a common set of carrier frequencies.

2 Use of VDT for deployment of public indoor systems

2.1 Introduction to the scenario

Figure 1 below shows an example where an indoor system with general public access is deployed in a building within the coverage area of a macro site. When entering the building, handover is provided from the macro cell to the indoor system. 
Indoor systems may be required also in the early deployment of WCDMA to improve indoor coverage and/or off-load the macro cells at local hot spots.

Spectrum is a scarce resource. Available spectrum is often needed to serve the wanted wide area traffic. Therefore the indoor cells will normally reuse all spectrum or parts of the spectrum used by the macro site. 

Figure 1. 
 Indoor system for public access within the coverage area of a macro site.
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2.2 Assumptions for the scenario

The example used in this report is operators with at least a 2x10 MHz license block, enabling 2 UTRA FDD carrier pairs. 

For the indoor BSs, each operator will use at least one of the WCDMA carrier pairs that are used by the outdoor macro system, thus providing soft handover between the macro and indoor cells on this carrier. Indoor systems are expected to be mainly deployed in urban areas, but could be introduced also in hot spots surrounded by medium and low traffic areas (e.g. airports and shopping centres located outside of city centres). In an initial phase the deployment of WCDMA is expected to take place as macro sites for coverage, complemented by some limited indoor systems. When traffic increases within the area covered by the macro site, further deployment of indoor systems may be expected to further off-load the macro sites. Once indoor systems are installed, they will not only be able to off-load present indoor users from the macro site, but may manifold multiply the total traffic supported within the area covered by the macro site. Each indoor cell (each building or each floor of a building) is well isolated compared to outdoor macro cells. Therefore the capacity per carrier pair of each indoor cell will be equal to the macro site capacity per carrier pair, if the capacity is code limited, else it may be e.g. twice as high as for the macro site.
This above application of indoor cells is straightforward in non line-of-sight cases, but off-loading will be limited in indoor areas (floors) in line-of-sight from the macro site, since the macro site field strength is dominating there. Designing the indoor system for full off-loading in line-of-sight areas and additionally using the full indoor system capacity in line-of-sight areas may cause increased up-link interference for the macro site. This interference can be eliminated by the use of Variable Duplex Technology.

A scenario without VDT is described in Table 1. The table indicates columns for areas with different average traffic densities from high to low. In each type of area there could be hot spots where an indoor system is beneficial. Dx and Uy are notations for downlink and up-link carriers. Dx-Ux indicates a coupled pair with the standard duplex separation (190 MHz for band I). The terminology Initial Phase means that providing coverage is most important. Carrier pairs within parenthesis indicate possible application, but the traffic requirements do not require any special measures to protect the macro cell from up-link interference. In the Second Phase traffic requirements increases also for indoor systems. This may lead to increased up-link interference to the macro site. See next section.

Table 1.  Scenario without VDT.
 Dx-Ux are coupled Downlink/Uplink carrier pairs. Pairs in brackets are with limited or no traffic.

	Phase
	High traffic areas
	Medium traffic 
areas
	Low traffic areas
	Comment

	
	Indoor Systems
	Macro 
	Indoor Systems
	Macro
	Indoor Systems
	Macro
	

	Initial
	(D1-U1)
	D1-U1 (D2-U2)
	(D1-U1)
	D1-U1
	(D1-U1)
	D1-U1
	Coverage only. Mainly D1/U1.

	Second
	D1-U1
	D1-U1
D2-U2
	(D1-U1)
	D1-U1
	(D1-U1)
	D1-U1
	Traffic increases. Indoor Systems are introduced. D2/U2 is added. 


2.3 UL interference from increased traffic in indoor system

When assessing the impact of additional up-link, UL, interference, it is important to note that the WCDMA macro site capacity normally is downlink, DL, limited for symmetric (speech) traffic. We could furthermore assume that there could substantial asymmetric (internet) traffic as well. This would make the WCDMA capacity even more DL limited when using a symmetric DL/UL spectrum allocation. Thus we could assume that the macro site could stand additional interference on the UL before the macro site capacity is affected. 

In the example of Figure 2 below we assume that the macro base station UL could be degraded to about 2/3 of its available capacity before the macro cell capacity is degraded. The figure indicates how the macro site will have full U1 capacity, but when the indoor traffic increases, the U1 capacity in the same macro site may be reduced due to interference. The U1 capacity may for this example be reduced to 1/3 before the macro cell capacity is affected.  

Figure 2. 
 Indoor system for public access within the coverage area of a macro site.
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When continuously increased Indoor Systems, traffic degrades the macro cell UL capacity below e.g. 1/3 UL capacity, the remaining U1 capacity may be very small. This is indicated in Figure 3 below. The D1-U1 carrier pair cannot carry much traffic any longer, and the resulting total macro cell capacity may approach ½ of its original capacity (in case of two carrier pairs). 
Figure 3. 
 Indoor system for public access within the coverage area of a macro site.
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2.4 Controlling the UL interference with the use of VDT

A suggested migration path to full utilization of both Indoor Systems and macro cell traffic capabilities is to de-coupling of the macro base station DL/UL frequency associations using VDT as indicated in Figure 4. The D1 carrier is allowed to be associated with U1 and U2. 

Figure 4. 
 Indoor system for public access within the coverage area of a macro site.
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Further increased aggregated indoor traffic may almost block U1. In this case carrier pairs D1-U2 and D2-U2 will carry the macro site traffic. Full macro site capacity equals full total capacity if DL traffic > 2 times the UL traffic, which may be a typical case.

This migration path requires mobiles that can perform handover between cells with different duplex distances. Such functionality is supported by the WCDMA standard. 

The concept provides for a mix of handsets with and without VDT during a transition period. Handsets without VDT will in the macro site mainly use D2-U2. (VDT could additionally if wanted also be applied for the indoor system by adding D2-U1). 

This solution provides full Indoor Systems and macro cell capacity. The capacity of the indoor systems can be increased as much as wanted by adding equipment (e.g. cell splitting) without damaging the planned macro site coverage.  

Table 2 below is an extension of Table 1. The Third Phase with de-coupling of the macro base station DL/UL frequency associations, where macro base stations using carriers D1-U1 and D2-U2 to also support D1-U2, has been added. This phase is relevant when the indoor system traffic (aggregated traffic over the coverage area of a macro site) has further increased, so that the U1 carrier at the macro site is substantially interfered. 

Table 2. Scenario with VDT. 
Dx-Ux are coupled Downlink/Uplink carrier pairs. Pairs in brackets are with limited or no traffic.

	Phase
	High traffic areas
	Medium traffic areas
	Low traffic areas
	Comment

	
	Indoor Systems
	Macro 
	Indoor Systems
	Macro
	Indoor Systems
	Macro
	

	Initial
	(D1-U1)
	D1-U1
(D2-U2)
	(D1-U1)
	D1-U1
	(D1-U1)
	D1-U1
	Coverage only. D1/U1 only. Full macro 
capacity/coverage.

	Second
	D1-U1
	D1-U1
D2-U2
	(D1-U1)
	D1-U1
	(D1-U1)
	D1-U1
	Traffic increases, need for Indoor Systems. D2/U2 added. Full macro 
capacity/coverage.

	Third
	D1-U1
	D1-U1
\ 
D2-U2
	D1-U1
	D1-U1 
D2-U2
	D1-U1
	D1-U1
	Aggregated indoor traffic increases further, add D1-U2 association.
Full macro 
capacity/coverage.


Figure 5 below gives an example of a graphic representation of the three phases of evolution for the macro site traffic on carrier pair D1-U1 shown in Table 2 and Figure 4. 


N is the maximum traffic on D1-U1 in the macro site, supposing no limiting interference on U1. 
An indoor cell (a building or e.g each floor of a building) is well isolated compared to outdoor macro cells. 

Therefore the maximum capacity on D1-U1 is supposed to be between N and 2N at each indoor cell, depending on whether the capacity is code limited or not. In the example of Figure 5 the total aggregated indoor traffic reaches about 6N before the macro site capacity becomes UL limited. At further increase of indoor traffic the D1-U1 macro site traffic would approach zero, unless the D1 is de-coupled to allow D1-U2 pairing as shown in figure 4 and table 2. 

The 6N break point is arbitrary. It could be much higher when all indoor systems are designed without trying to "force" off-loading the LOS parts of the building. NLOS areas could carry e.g. 20 N or higher aggregated traffic from several systems, without affecting the macro site. However, a single indoor system close to the macro site, where users on LOS floors are “forced” to connect to the indoor system, and the full indoor system capacity is utilized, could severely affect the macro site UL. 

Figure 5. 
Example of traffic evolution for the macro site and the indoor systems within the coverage area of a macro site.
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3 Conclusions

This document describes one opportunity for using VDT in a scenario with macro and indoor cells using a common set of carrier frequencies. A prerequisite for the method to be implemented is that the Variable Duplex Technology has been developed and ready to be used in commercially available terminals. 

The method suggests a de-coupling of the nominal up-link and down-link carrier associations, to provide full off-loading of macro cells and utilising the full additional capacity provided by indoor cells. VDT is implemented allowing for two downlink carriers to be coupled to one up-link. As a result, a serving macro base station can be capable of manifold multiplying the total traffic within a WCDMA macro cell area. 

In conclusion, the main objectives of the proposed method using VDT is to:

· give improved spectrum utilisation

· provide capacity of the indoor systems, that can be increased as much as wanted by adding equipment (e.g. cell splitting) without damaging the planned macro site coverage
· admit for a smooth transition of cellular network when traffic increases

4 Proposal

To include the proposed use of VDT in section 7 of TR 25.889.
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