3GPP TSG RAN WG1 Meeting #72


R1-130466
St Julian’s, Malta, 28th January – 1st February 2013

Source: 
Alcatel-Lucent Shanghai Bell, Alcatel-Lucent, China Unicom
Title: 
3D MIMO Scenarios and 3D UE Dropping Model
Agenda item:
7.3.6.1
Document for:
Discussion and Decision
1. Introduction

One of the objectives of the study [RP-122034] is to: 

· Identify the typical usage scenarios of UE-specific elevation beamforming and FD- MIMO
This contribution first analyses the 3D MIMO scenarios. Based on the scenarios, we provide enhancement proposals for the current UE dropping model, i.e., extend the dropping from horizontal plane only [5][6] to 3D dropping. 
2. 3D UE Distribution Scenarios

Most urban scenarios contain a mixture of skyscrapers, office buildings and residential buildings, with some UEs are located at ground level and others distributed at various heights in buildings, as shown in figure 1. The height of urban buildings varies significantly from city to city. Taking Shanghai as example, more than 80% of buildings are higher than 6 floors (about 20 meters). For the central business district, the average building height is about 200 meters. The outdoor environment is typically an Urban Micro scenario. During working hours, the users can be regarded as roughly uniformly distributed in the office buildings. On the other hand, outside working hours the users are more typically uniformly distributed in the residential buildings.
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Figure 1.  Typical urban scenarios
Our companion paper [8] shows some simulation results which could be impacted by some aspects of 3D UE distribution.  A 3D UE distribution model should consider the following factors:

1) Maximum height of UE distribution;
2) The probability distribution of UEs in both horizontal and vertical dimensions;
3) The percentage of the UEs that are vertically distributed (indoor).
Some potential UE dropping scenarios are as follows:
Scenario 1: Conventional 2D UE dropping

In this scenario all UEs are dropped outdoor uniformly in the horizontal plane with 0 metre elevation height, as shown in Figure 2. This conventional 2D UE dropping method will provide a benchmark for 2D and 3D channel modelling and mainly focus on outdoor coverage.
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Figure 2.  UE distribution in horizontal dimension in the reference Scenario 1

Scenario 2: Isolated outdoor-indoor 3D coverage
In this scenario 100% of the UEs are dropped indoors uniformly in both the horizontal and the vertical dimensions, e.g. uniformly distributed throughout a multi-story office building, where the building could be 50m x 50m in the horizontal plane and consist of 10 floors with each floor 3m high. Coverage in this scenario is provided by outdoor macro cell(s). It should provide an upper bound performance for 3D horizontal and vertical beamforming for high indoor user and traffic density. 
Scenario 3: Mixed outdoor and indoor UEs 
In this scenario some UEs are dropped outdoors and other UEs are dropped indoors.  All outdoor UEs are dropped uniformly in the horizontal plane with the same zero elevation height. All indoor UEs are dropped uniformly in the vertical dimension and constrained within several 50mx50 squares in the horizontal dimension. This scenario is illustrated in Figure 3. 3D intra-site and inter-site interference should be considered in this scenario to investigate 3D beam coordination. 
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Figure 3.  UE distribution in vertical dimension in Scenario 2

Scenario 4: Indoor multi-floor hop spot

In this scenario all UEs are dropped indoors within the coverage of small cells. The outdoor-indoor penetration loss can be ignored here but the penetration loss across a floor and indoor walls could be modelled. The placement of small cells for an indoor coverage is FFS, but could be sparse or dense. With 3D beamforming, the required number of indoor small cells may be reduced but still be able to provide more dynamic indoor coverage and efficient cell coordination. 

3. Effect of Dropping UEs in 3D on the Channel Model
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Figure 4. Dropping UEs in 3D affect 3D channel parameters generation
Dropping UEs in 3D obviously affects the 3D channel parameters, and this can have significant potential impact on system performance [7-8].

In the example shown in Figure 4, user1 is located on ground level, while user2 and user3 are located inside a building at different elevation heights. With the introduction of elevation height for user2 and user3, the vertical angles of arrival (
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where 
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is the location of user n.
The distance between the BS and the users in buildings, user2 and, user3, (
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) can be significantly dependent on the vertical dropping position of the UEs: 
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Thus introducing 3D UE dropping will impact angles of departure/arrival and the distance between UE and BS, and consequently has the potential to lead to significant changes in the channel. 
4. Conclusions
This contribution has discussed the 3D dropping pattern for UEs and proposed several 3D scenarios. It is proposed that
· Both horizontal and vertical dropping of UEs should be modeled in the system level evaluations. 
· The vertical dropping model should consider the maximum UE height, the UE vertical distribution, and the percentage of vertically distributed (indoor) UEs.
· Four 3D UE dropping scenarios should be adopted:

· Scenario 1: Conventional 2D UE dropping

· Scenario 2: Isolated outdoor-indoor 3D coverage with 100% vertically distributed UEs in a single building with coverage from outdoor macrocell(s)
· Scenario 3: Mixed horizontally distributed outdoor UEs and  vertically distributed indoor UEs
· Scenario 4: Indoor multi-floor hot spot with 100% vertically distributed UEs in a single building with coverage from indoor picocells.
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