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1 Introduction
At the RAN plenary meeting in September 2014, it was agreed to start study potential 3GPP positioning enhancements in indoor and other challenging environments [1]. The RAN guidance was to focus on evaluation scenario, asumption and channel model in RAN1#78bis. Therefore, in this document, typical simulation scenarios and assumptions for indoor positioning study are presented to facilitate system level performance evaluation.
2 Typical indoor scenario
Currently, mobile communication systems have been evolved to heterogeneous topology where different kinds of base stations (e.g., macro/micro/pico/small cell) are deployed in various scenarios (e.g., outdoor/indoor). As shown in the figure below, in the coverage of macro cells, both outdoor small cell clusters and indoor small cell clusters exist. For the outdoor clusters, small cells and user equipments (UEs) are distributed uniformly in a concentric circle with different radius, and multiple such clusters may be deployed in the macro area. For the indoor clusters (e.g., buildings with multiple floors), indoor small cells are deployed with network planning in order to provide better service, while UEs are typically distributed randomly in the building. In order to enhance the performance of indoor positioning, not only the indoor small cells, but also the macro, and even the outdoor small cells should be taken into consideration. Therefore, three basic indoor positioning solutions are expected as:

· Indoor positioning with indoor small cells

· Indoor positioning with macro cells

· Indoor positioning with outdoor small cells

In addition, other positioning solutions are also possible such as the combination of at least two of above solutions, e.g., indoor positioning with the assist of both macro and indoor small cells.

Note that in order to mitigate the inter-layer interference macro and small cells work on different frequencies, e.g., macro on 2GHz while small cells on 3.5GHz.

[image: image1.emf]D

m

ac

r

o

-c

lu

s

te

r

D

m

a

c

r

o

-

c

l

u

s

t

e

r

R

1

R

2

Distance between macro and 

the small cell cluster

R

1

: radius of outdoor small cell 

dropping within a cluster

R

2

: radius of outdoor small cell UE 

dropping within a cluster

Outdoor cluster

Indoor cluster 

(multi-floor building)


Fig. 1 Illustration of overall network scenario
Indoor scenarios are very important in wireless communication as about 80% of mobile traffic occurs in indoor hotpot areas. Besides, the topology of indoor scenarios may impose a significant impact on the performance of indoor positioning. In [2] and [3], extensive indoor communication scenarios are modeled and studied in order to facilitate system level evaluation. Basically speaking, two major indoor scenarios, i.e., 3GPP R12 based small cell enhancement scenario and WINNER II A1 indoor office scenario,  are provided and the detailed illustrations are listed below. Note that in both scenarios, the deployment of indoor small cells is planned and optimized by operators.
2.1 3GPP R12 small cell enhancement (SCE) scenario
Small cell enhancement is studied in 3GPP RAN1 and the detailed description is given in [4], where three major scenarios, e.g., scenario1/2(2a,2b)/3, are presented. For both scenario 2b and 3, indoor small cells and the related topology are defined. The indoor scenario in SCE is derived from [2] based on ITU indoor hotspot (InH) model.
The ITU InH scenario is particularly suitable for indoor commercial scenarios with large open spaces such as shopping mall, air port, train station, factory, conference hall, etc. The building is assumed to have 2 floors, with the height of each floor being 6m. In this scenario, both LoS (line of sight) and NLoS (non line of sight) propagation conditions could exist.
To be specific, the detailed layout of indoor hotspot scenario is defined in ITU evaluation report [2], where the indoor hotspot scenario consists of a building of one floor as shown in Fig. 1 which is same with ITU sketch. The height of the floor is 6 m. The floor contains 16 rooms of 15 m x 15 m and a long hall of 120 m x 20m. In typical indoor hotspot scenario, only two sites are placed in the middle of the hall at 30m and 90m with respect to the left side of the building. In Rel-12’s SCE study, the InH scenario is extended to involve two floors, and four sites are deployed in each floor as shown in Fig. 2.
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Fig. 2 Sparse indoor hotspot layout (1 floor)
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Fig. 3 Dense indoor hotspot layout (2 floors)
Note that indoor hotpot building can be extended to multiple floor scenario (e.g., up to 10 floors) in order to model general high building where indoor positioning study is more valuable.
· Observation 1: 3GPP R12 SCE scenario with multiple floor extension is particular suitable for indoor positioning study in buildings with large open spaces.
2.2 WINNER II A1 indoor office scenario
The WINNER II A1 indoor scenario is suitable for indoor environment with isolated small rooms with corridors, e.g., the office and dormitories, etc. The building is assumed to have many floors (e.g., up to 10), with the height of each floor being 3m.
According to WINNER II document [1], the layout of the scenario is shown in Fig. 4. For each floor, there are two corridors and 10 rooms of 10 m x 10 m. The width of the narrow corridor is 5m, and the length is 100m.
In this scenario, the NLoS case includes the following:
· Transmitter is in corridor, and the receiver is in a room or the other corridor. Such cases are referred to as “corridor-to-room” (note that if the receiver is in the corridor, we also refer it to room since the penetration features of both cases are similar).
· Transmitter is in the room, and the receiver is in another room. Such case is referred to as “room-to-room”.
In the NLoS cases, the wall loss needs to be calculated. In this model, the walls parallel to the corridors are considered, e.g. for the UE at the bottom right corner of the lay-out in the Fig. 4, there are three walls to be taken into account from the access point located at the up-left corner of the lay-out.
Finally, the Floor Loss (FL) for propagation from floor to floor needs to be modeled. It is assumed that all the floor materials are identical. 
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Fig. 4 Layout of the A1 indoor scenario
· Observation 2: WINNER II A1 indoor office scenario is particular suitable for indoor positioning study in buildings with small and closed spaces.
Based on the observations, we proposed that:

· Proposal 1: Either 3GPP R12 SCE scenario or WINNER II A1 indoor office scenario should be selected as the one for indoor positioning study.
3 Simulation assumptions
Besides basic system scenario, detailed system simulation assumptions are needed to facilitate system level evaluation of indoor positioning technology. The key parameters include carrier frequency, number and distribution of network nodes, transmit power, antenna pattern, noise figure, cell selection criterion, etc. All the mentioned parameters are given in the table below with detailed description. 
Table 1 System level simulation assumption parameters
	
	Macro cell
	Outdoor small cell
	Indoor small cell

	Layout
	Hexagonal grid, 3 sectors per site, case 1
Both 19 Macro sites and 7 Macro sites can be used. Companies should indicate whether 19 or 7 sites are used when presenting the results.
	Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area
	Clusters (buildings) uniformly random within macro geographical area; small cells deployed with network planning.

	System bandwidth per carrier
	10MHz
	10MHz
	10MHz

	Carrier frequency 
	2.0GHz
	3.5GHz
	3.5GHz

	Carrier number
	1
	1
	1

	Total BS TX power (Ptotal per carrier)
	46dBm
	30 dBm, Optional: 24dBm, 37dBm 
	24 dBm

	Antenna pattern
	3D,  referring to TR36.819
	2D Omni-directional is baseline; directional  antenna is not precluded
	2D Omni-directional is baseline; directional  antenna is not precluded

	Antenna Height: 
	25m
	10m
	6m/3m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi 
	5 dBi
	5dBi

	Antenna gain of UE
	0 dBi

	Antenna configuration
	2Tx2Rx in DL, Cross-polarized

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

	Number of small cells per cluster
	N/A
	4, 10
	Baseline: 0, 2 or 4 small cells per floor per cluster

	Number of small cells per Macro cell
	N/A
	[4,10]*Number of outdoor small cell clusters per macro cell geographical area
	[0, 2, 4]* Number of floors per indoor small cell cluster * Number of indoor small cell clusters per macro cell geographical area

	Number of UEs 
	N/A
	[2,5] * Number of outdoor small cells per macro cell geographical area
	[5, 10]* Number of floors per indoor small cell cluster * Number of indoor small cell clusters per macro cell geographical area

	UE dropping
	N/A
	Baseline: UEs are randomly and uniformly dropped within the clusters. 20% UEs are outdoor and 80% UEs are indoor.
	Baseline: UEs are randomly and uniformly dropped in each floor of each indoor small cell cluster. All the UEs are indoor. 

	Radius for small cell dropping in a cluster
	N/A
	50m
	N/A

	Radius for UE dropping in a cluster
	N/A
	70m
	N/A

	Minimum distance (2D distance)
	Small cell-small cell: 20m
	N/A

	
	Small cell-UE: 5m
	3m

	
	Macro –small cell cluster center: 105m
	100m

	
	Macro – UE : 35m
	
	35m

	
	
	Cluster center-cluster center: 2*Radius for small cell dropping in a cluster
	Building center-building center: 130m

	UE receiver
	MMSE-IRC as baseline

	UE noise figure
	9dB

	UE speed
	3km/h

	Cell selection criteria
	Baseline: RSRQ, with cell common bias if CRE is applied.

	Performance metrics
	CDF of PRS SINR


Therefore, we proposed that:

· Proposal 2: The proposed simulation assumptions should be followed to evaluate the performance of indoor positioning.
4 Conclusion

In this contribution, we discussed the indoor scenario and simulation assumptions to fit elevation indoor positioning purposes. Based on the discussion, we have the following proposals: 
· Proposal 1: Either 3GPP R12 SCE scenario or WINNER II A1 indoor office scenario should be selected as the one for indoor positioning study.
· Proposal 2: The proposed simulation assumptions should be followed to evaluate the performance of indoor positioning.
The possible enhancements are also discussed in [5].
References

[1] RP-141102, Revised SID: Study on Indoor Positioning Enhancements for UTRA and LTE.
[2] ITU-R, M.2135, Guidelines for evaluation of radio interface technologies for IMT advanced. 


[3] IST-4-027756 WINNERII, D1.1.2 V1.1, WINNER II channel models, Part I channel models, 2007.

[4] 3GPP TR 36.872, “Small cell enhancements for E-UTRA and E-UTRAN – physical layer aspects (Release 12)”, v12.1.0, 2013.
[5] R1-143926 , “On indoor positioning enhancement schemes”, Huawei, HiSilicon
























































































































_1472045134.vsd
Outdoor cluster



