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1. Introduction

The study item [1] was approved in RAN plenary #65 to study elevation beamforming and full dimension MIMO using Active Antenna Systems (AAS).  Elevation beamforming schemes can utilize an extra spatial degree of freedom compared to conventional horizontal-only deployment scenarios.  Full dimension MIMO schemes can in theory achieve use higher order spatial multiplexing and multi-user transmission. 

The following tasks have been agreed and will start from RAN1 78bis:

· Identify antenna configurations for 2D antenna arrays with {8, 16, 32, 64} TXRUs and evaluation scenarios, including homogeneous and heterogeneous scenarios, for feasibility study, taking into account the outcome of 3D channel model SI.
· Decide antenna element spacing, number of antenna elements per TXRU, polarization, etc.
· Decide how to model virtualization of antenna elements per single TXRU. 
· Identify target operating frequency range considering practical antenna size limitations.

· Evaluate the performance of Rel-12 downlink MIMO (including both SU- and MU-MIMO) using 3D-UMa and 3D-UMi channel models.
· Number of TXRUs for evaluation is 8, where each TXRU is connected to an antenna port and the antenna ports constitute a horizontal array. 
The achievable performance gain of AAS, compared to conventional MIMO transmission schemes, highly depends on the deployment scenarios, for example whether the users can be well separated in the vertical plane. Moreover the vertical UE density and distribution are also significantly different from the horizontal UE density and distribution. The latter is usually assumed to be uniformly distributed on the ground. Note that scenarios discussed in the 3D channel modeling SI were only for the purpose of the design of the channel model and simulation calibration.  

Several scenarios, which we believe are important for future network deployment and AAS, are proposed here and may provide attractive gain of elevation beamforming and high order MIMO transmission. We also propose simulation assumptions and antenna array modeling assumptions in [2] and [3] respectively. 
2. Proposals of Scenarios
2.1.   3D UMa Scenario 



Figure 1. 3D UMa Scenario 

As one typical dense urban deployment scenario, it is worth considering the 3D UMa scenario which has been used as the reference scenario of channel modelling calibration in [4]. This scenario can generally be characterized by relatively high BS transmission power, more relaxed restriction of AAS size, BS well above surrounding buildings/UEs, and limited vertical UE separability. In this scenario, the UE vertical separability highly depends on the 2D distance between UE and BS, for example, the UEs close to the BS may benefit more from the vertical domain.  UEs near the cell edge may benefit more from the horizontal domain.  Details of 3D UMa can be found in the Appendix.
Proposal 1: The 3D UMa scenario shall be considered, and the scenario details in 36.873 can be reused. 
2.2.  3D UMi Scenario





Figure 2. 3D UMi Scenario 
The 3D UMi scenario is also important, for providing urban hotspot coverage. This scenario can generally be characterized by medium transmission power, BS well below surrounding buildings/UEs, and relatively small coverage per cell. The propagation conditions in 3D UMi are much more complex than in 3D UMa between BS and UE since the received signal can be a composite of paths and subpaths by over-roof diffraction, building reflection, street canyon effect, etc. However the vertical UE separability in 3D UMi can be much better than that in 3D UMa due to the limited inter-site distance (300 meters) and a low BS height (10 meter). Therefore in 3D UMi the majority of UEs may benefit from the vertical domain. Therefore the inter-site interference due to 3D beamforming or sectorization in 3D UMi may be more severe than in 3D UMa. Details of 3D UMi can be found in the Appendix.

Proposal 2: The 3D UMi scenario shall be considered, and the scenario details in 36.873 can be reused. 
2.3.  3D Heterogeneous (3D Het) Scenario 





Figure 3. 3D Het Scenario 

The small cell scenario 1 in [5] with co-channel deployment of macro cells and outdoor small cells may be worth being considered.  The outdoor small cells can provide urban hotspot coverage to offload macro cell traffic and also be very close to indoor/outdoor UEs to reduce pathloss. The small cells in 3D Het generally have much lower transmission power than the macro/pico cells in the 3D UMa and 3D UMi scenarios.  However, we proposed to set the transmission power of a small cell to 37dBm instead of 30dBm. Small cell scenario 1 only considers 2 TX.  But with slightly increased transmission power, each small cell AAS in 3D Het can support more TXRUs to achieve  better spectral efficiency by using EB/FD MIMO transmission schemes.    
In 3D Het, the propagation conditions will depend on whether the UE is associated with a macro cell or a small cell. Therefore the UE association can significantly impact the performance gain of AAS.  Intuitively, the macro cell layer using AAS can provide the overall coverage in 3D, e.g. with 3D UMa scenario. The small cell layer using AAS can provide extra coverage overlay for a UE cluster with high UE density, high data traffic and high UE vertical separability.  The vertical UE separability in 3D Het can be even better than that in 3D UMi due to the effect of UE clustering, e.g. with 70 meters radius of UE dropping in a cluster.  Reducing the radius of a UE cluster can further increase indoor UE density and vertical UE separability whilst reducing the horizontal separation. The inter-layer interference due to 3D beamforming or sectorization between macro cell and small cell layers needs to be well investigated. 
For 3D Het, the 3D UMi channel can be reused for the small cell layer.  However, given that the distance between the small cell and the UE is so small, the propagation channel of UEs associated with small cells is more likely to be UMi LoS and LoS O-I with smaller angular spread and good SINR. Compared to small cell scenario 1, the proposed changes in the scenario details are summarized in Table 1 and highlighted in red.  
 Proposal 3: 3D Het scenario shall be considered, using the scenario details proposed in Table 1. 
	
	Macro cell
	Small cell

	Layout
	Hexagonal grid, 19 macro sites, 3 sectors per site
	Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	System bandwidth per carrier
	10MHz
	10MHz

	Carrier frequency 
	2.0GHz
	2.0GHz

	Carrier number
	1
	1

	Total BS TX power (Ptotal per carrier)
	46dBm
	37dBm 

	Antenna Height: 
	25m
	10m

	Distance-dependent path loss
	3D UMa channel
	3D UMi channel

	Penetration
	3D UMa channel 
	3D UMi channel

	Fast fading channel between eNB and UE
	3D UMa channel 
	3D UMi channel

	Shadowing
	3D UMa channel 
	3D UMi channel

	Antenna pattern
	R1-144089
	R1-144089

	Antenna gain + connector loss
	R1-144089
	R1-144089

	Antenna configuration
	R1-144089
	R1-144089

	Antenna gain of UE
	0 dBi
	

	UE antenna Height
	Reuse the UE height generation method of TR 36.873 shown in Appendix, for example, determining the height of building first and then the height of UE within the building 
	Reuse UE height generation method of TR 36.873 shown in Appendix, for example, determining the height of building first and then the height of UE within the building

	UE Dropping 
	Baseline: 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Number of clusters/buildings per macro cell geographical area
	1, 2, optional of 4

	Number of small cells per cluster
	4, 10

	Number of small cells per Macro cell
	[4,10]*Number of clusters per macro cell geographical area

	Number of UEs 
	Not applied for FTP Model 1

	Radius for small cell dropping in a cluster
	50m 

	Radius for UE dropping in a cluster
	70m (FFS)

	Minimum distance (2D distance)
	Small cell-small cell: 20m
Small cell-UE: 5m
Macro –small cell cluster center: 105m
Macro – UE : 35m
cluster center-cluster center: 2*Radius for small cell dropping in a cluster


Table 1. Example for 3D Het Scenario Parameters
2.4.  3D Indoor Scenario 





Figure 4.  3D Indoor Scenario 
The 3D UMa, 3D UMi and 3D Het scenarios are for outdoor deployment.  It is also very important to look at the performance gain using AAS in an indoor environment since most of UEs are dropped indoor and do not suffer from wall penetration loss. 

The 3D indoor scenario has some unique characteristics that are worth being studied. Compared to the outdoor-indoor propagation, the indoor-indoor propagation has a wider angular spread at both TX and RX sides. For the UEs dropped on the same floor, they are more likely be in LoS state with a good SINR capable of supporting high order MU MIMO, e.g. with 8 to 16 UE pairing. For the UEs dropped on different floors, the floor penetration loss should be modelled so that 3D beamforming or sectorization needs to be well coordinated across floors. The advantage of using AAS in the 3D indoor scenario is that elevation beamforming and FD-MIMO can provide a multi-floor coverage with very good vertical/horizontal UE separability. The UE density, UE SINR and UE data traffic in 3D indoor can be sufficiently high, for example in an office building and a shopping mall, so that high order MU transmission and high order spatial multiplexing are feasible for 3D indoor using AAS. Moreover, a high frequency band, for example 3.5GHz or 5.8GHz in LAA, may be useable in 3D indoor so that the limitation of AAS physical size can be mitigated. The wavelengths of 3.5GHz and 5.8GHz are around 8.5cm and 5cm respectively.  
The small cell scenario 3 (dense) in [2] can be the starting point for further discussion. Generally most of the scenario details in small cell scenario 3 can be reused for 3D Indoor except for the indoor propagation channel.  ITU InH, referring to Table B.1.2.1-1 in TR36.814, has been used for the small cell scenario 3.  To extend it to 3D InH, we can consider that  
· WINNER+ [6] has provided elevation large scale parameters to extend ITU InH to 3D InH. 
· Many large-scale parameters and pathloss equations are UE height dependent in 3D UMa and 3D UMi channel modelling. However for 3D InH, those parameters can be assumed to be independent per floor as we have assumed for 3D UMa and 3D UMi. Instead floor penetration loss needs to be considered and can be similar to wall penetration loss with 10~20dB per floor. 
Therefore, from the channel modelling perspective, the required modifications of 3D InH channel are limited.  

Proposal 4: The 3D Indoor scenario shall be considered, and the scenario details in 36.872 can be reused.
Proposed 5: 3D InH channel modelling shall be used for 3D Indoor scenario taking into account parameters from WINNER+ and floor penetration loss. 
3. Conclusions

In this document, several scenarios have been proposed here, with explanation of the motivations and scenario characteristics, which we believe may provide attractive performance gain relevant to future deployments using AAS.  Our proposals can be summarized as follows: 

Proposal 1: The 3D UMa scenario shall be considered, and the scenario details in 36.873 can be reused. 
Proposal 2: The 3D UMi scenario shall be considered, and the scenario details in 36.873 can be reused. 
Proposal 3: 3D Het scenario shall be considered, using the scenario details proposed in Table 1.

Proposal 4: The 3D Indoor scenario shall be considered, and the scenario details in 36.872 can be reused.
Proposed 5: 3D InH channel modelling shall be used for 3D Indoor scenario taking into account parameters from WINNER+ and floor penetration loss. 
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Appendix:  Simulation Assumptions
Table 6-1: Scenarios of TR 36.873
	
	
	Urban Micro cell 

with high UE density

 (3D-UMi)
	Urban Macro cell

 with high UE density

 (3D-UMa)
	Urban Macro cell with 

one high-rise per sector and 300m ISD

(3D-UMa-H)

	Clause-1
	

	Layout
	
	Hexagonal grid, 19 micro sites,3 sectors per site
	Hexagonal grid, 19 macro sites,3 sectors per site
	Hexagonal grid, 19 macro sites,3 sectors per site

	UE mobility (movement in horizontal plane)
	
	3km/h
	3km/h
	3kmph

	BS antenna height
	
	10m
	25m
	25m

	Total BS Tx Power
	
	41/44 dBm for 10/20MHz
	46/49 dBm for 10/20MHz
	46/49 dBm for 10/20MHz

	Carrier frequency
	
	2 GHz
	2 GHz
	2 GHz

	Min. UE-eNB 2D distance (note 1)
	
	10m [other values FFS]
	35m
	35m

	UE height (hUT) in meters
	general equation
	hUT=3(nfl – 1) + 1.5
	hUT=3(nfl – 1) + 1.5
	hUT=3(nfl – 1) + 1.5

	
	nfl for outdoor UEs
	1
	1
	1

	
	nfl for indoor UEs
	nfl ~ uniform(1,Nfl) where

Nfl ~ uniform(4,8)
	nfl ~ uniform(1,Nfl) where

Nfl ~ uniform(4,8)
	nfl ~ uniform(1,Nfl)3) 

	Indoor UE fraction
	
	80%
	80%
	80%

	Clause-2 (note 2)
	

	UE distribution (in x-y plane)
	Outdoor UEs
	uniform in cell
	uniform in cell
	uniform in cell excluding high-rise building

	
	Indoor UEs
	uniform in cell
	uniform in cell
	50% of indoor UEs within 25m radius of the 

high-rise building center, rest are outside the 25m radius.

	ISD
	
	200m
	500m (FFS: 200m)
	300m

	NOTE 1:
Refers to d2D for outdoor UEs and d2D-out for indoor UEs as defined in Figure 3 and Figure 4 respectively.

NOTE 2:
Assumptions in Clause-2 are for calibration purposes only in this SI. 
Assumptions in Clause-2 are to be revisited for evaluating relative performance 
of proposed solutions in future Sis

NOTE 3:   50% of indoor UEs in a macro cell area are assumed to be inside a high-rise building and are associated with the same value of Nfl. The height of a high-rise given by Nfl ~ uniform(20,30). 50% of indoor UEs in a macro cell area are assumed to be outside the high-rise building and the associated Nfl for each UE ~ uniform(4,8).

NOTE 4:   The channel modeling of 3D-UMa-H was discussed in RAN1#74, RAN1#74b, RAN1#75, RAN1#76. Example of modeling discussions can be found in [10-14] and references within.
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