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1 Introduction
A new study item (SI) on Indoor positioning enhancements for UTRA and LTE has been approved [1]. The objective of this SI is to study the techniques for enhanced UE position detection in indoor and other challenging environments (e.g. urban canyons). Baseline simulation scenarios for the study item needs to be developed.

·   Develop baseline simulation scenarios and evaluate the corresponding baseline performance of the existing positioning techniques (e.g. A-GNSS, E-CID, OTDOA, UTDOA, or hybrids thereof) for indoor environments to establish a baseline performance [RAN1]

· For the performance evaluations consider specifically: location accuracy (including latitude, longitude and altitude), yield, and time to fix.

In this contribution, we provide our views on baseline simulation scenarios and performance metrics.
2  Discussion 
During Rel-9 phase, some evaluation scenarios for OTDOA positioning were defined [2] to support work item on LTE positioning. Although the main target scenario for OTDOA was typically indoor where GPS is not available, RAN1 took the simple evaluation scenario based on 3GPP Case 1 and 3. 
The main focus of the current study item is similar to the previous study for OTDOA, but it requires enhanced detection performance of indoor users. In Figure 1, we present a possible scenario relevant to indoor positioning enhancement. As can be seen from the figure, the users can be located indoor in multiple floors of high-rise buildings as well as outdoor on the street level. Considering the E-911 [3] requirements for indoor positioning, in addition to 2 dimensional location (i.e. longitude, latitude), the location of the altitude is also an important consideration. In some dense urban scenario as shown in Figure 1, even the eNBs (micro) serving the UEs can be located at a level below the UE, thereby posing new challenges in location tracking in the vertical domain. In addition, UEs located in the street level surrounded by tall building may encounter urban canyon effect and thus may cause larger channel delay spread.

In order to define baseline simulation scenarios, multiple factors should be considered. Both macro cell (coverage) and micro cell (capacity) should be considered along with the recent trends such as dense small cell deployment scenarios. In addition, the recent evaluation showed that the small cell deployment scenario (e.g. RRH) can offer the better RSTD estimation accuracy which could be translated into the positioning performance [8]. 

The macro cells may be assumed to be always located higher than the UEs. However, the micro cells (both at and below rooftop level) can be located both below and above UEs. Based on the typical deployment scenarios, we identify two different scenarios which should be considered for indoor position study:

(a) Outoor-to-Indoor Scenario: We assume all eNBs to be located outdoor.  For initial evaluation purpose, a typical hexagonal grid with 7 or 19 macro cells can be considered. The micro eNBs can be dropped in clusters similar to SCE Scenario 2a within the macro coverage regions [4]. 

(b) Indoor-to-Indoor Scenario: Scenarios involving indoor hot-spot pico cells, i.e. Indoor-to-Indoor should also be considered, in addition to Outdoor-to-Indoor. 
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	Figure 1: Possible scenario for indoor positioning evaluation


Since the main focus of the study should be indoor users, it is important to evaluate altitude tracking performance of different mechanisms in addition to the 2D positioning. In order to capture this effect in the evaluation scenarios, UEs should be located at varying height, i.e. at different floors of buildings. Therefore, UE drops with different heights need to be modeled. The UE height modeling used in 3D MIMO discussion [5] can be re-used at maximum possible extent for this purpose. 

In addition to the height of the UE, the accuracy of position may also depend on the exact location of UEs inside a building, e.g. UE close to window in a multi-storey building may experience a much better channel compared to the UE in the middle of the building. Therefore, additional building modeling may be needed to compare the effects of multiple walls and floors. In addition to the indoor UEs, outdoor UEs experiencing difficult channel condition (e.g. urban canyon, bad urban etc.) can also be considered.

Based on the discussion above, we propose to use the small cell enhancement evaluation scenario 2a and scenario 2b [4] as a baseline layout for enhanced UE position detection studies. Additional modifications related to UE height adjustment should be added to these scenarios to reflect more elaborate modeling needs for the studies. The proposed detailed evaluation scenarios are shown in Appendix A. 
Proposal 1: Use SCE Scenario 2a and 2b as a baseline evaluation layout scenario as shown in Appendix A.

3 Modified Scenarios from SCE 2a and 2b
Additional modifications should be applied to the existing SCE scenario 2a/2b for use of UE position detection. Based on the discussion of section 2, below we discuss several potential modifications:

· UE with variable height: In SCE scenario 2a, UE antenna height is fixed to 1.5m. UE height needs to be redefined for indoor positioning simulation. For SCE scenario 2b, UE is located in a floor of building and thus the height is modelled by the building height. In this regard, we propose to reuse of the antenna height equations for SCE scenario 2a as defined in [5] as follows:
	UE Location
	UE Height (m)

	Outdoor
	1.5

	Indoor
	hUT=3(nfl – 1) + 1.5
where, nfl ~ uniform(1,Nfl) and Nfl ~ uniform(1,8)



· Large-scale parameters related to UE heights: The introduction of UEs with variable height will affect other parameters, e.g. LOS probability and Path Loss values for UMa and UMi channel. The effects of UE heights on these parameters have been studied in detail in 3D-MIMO study item. We therefore, propose to re-use the conclusion from those studies. Table 7.2.1 and Table 7.2.2 from [5] can be used for Path Loss and LOS probability calculation, respectively.
· Fast Fading Model: The existing ITU-UMa and UMi model [4, 6] can be used to simulate Macro and Micro fast fading channel. For more accurate representation of the channel model in the elevation domain, we can also consider replacing UMa and UMi with the 3D-UMa and 3D-UMi model used in [5].
· Urban Canyon Representations: As another challenge scenario, urban-canyons exist in dense urban areas served by macro-cells, and at-rooftop micro-cells [7]. In [7], modeling for urban canyon was defined for SCM UMa and SCM UMi model. Urban canyon affects the angle of arrival. The model in [7] modifies the AoAs of the paths arriving at the UE experiencing urban canyon effect towards the direction of street orientation. One advantage of this model is that it only depends on the street orientation and does not need to make use of building grids. A similar extension can be applied to the ITU UMa and UMi channel model used in Scenario 2a. The urban canyon model is explained in [7].

4  Performance Metric and Baseline Positioning Techniques

E911 Requirement: The E911 requirement [3] is to achieve positioning accuracy by longitude and latitude to 50 meters within two years time frame for 67% of the calls, and vertical height accuracy of 3 meters within three years timeframe for 67% of the calls. The additional goal is to achieve such accuracy for 80% of such calls within five years time frame. In addition to accuracy requirement, there is also latency (i.e. time to first fix) requirement. A call will be deemed to satisfy the requirements only if it provides the specified degree of location accuracy within a maximum period of 30 seconds (“Time to First Fix”), as measured at the location information center of the E911 network. For such purposes, CMRS (Commercial Mobile Radio Services) providers may exclude 911 calls of duration of 10 seconds or less.
Based on the abovementioned E911 requirements, performance of a positioning method should be measured by using the location accuracy in three dimensional spaces, i.e. in latitude, longitude and altitude. CDF plots of the location accuracy in terms of longitude/latitude and of altitude can be used for this purpose. The accuracy of a positioning technique will also depend on the amount of resource accumulation.  For example, in case of a PRS based positioning technique, if using a larger duration, then more accumulation of PRS signal can provide a better accuracy than if using a shorter duration. In order to compare different methods, the CDF plots should be based on the accumulation of resources over a fixed time duration (e.g. X seconds). To reflect the E911 requirement, 67 percentile and 80 percentile of the CDF plot should be considered. The required time to achieve an accuracy of 50 meters for latitude and longitude and 3 meters for altitude at the 67th and 80th percentile should be compared with the E911 time to first fix requirement.

In order to achieve a baseline performance comparison, the performance of existing techniques should be evaluated. A-GNSS is typically not available in indoor. The performance of E-CID is generally worse than other positioning techniques. UTDOA may have little impact on RAN1 specification. Therefore, OTDOA, which would impact on RAN1 specification, can be considered as baseline technique for the evaluation. 

Proposal 2: OTDOA is considered as baseline positioning method for the purpose of evaluation.

5 Conclusions
In this contribution, we provide our views on the baseline evaluation scenarios for enhanced UE position detection evaluation. Based on the discussions so far, our proposals are summarized as follows:

Proposal 1: Use SCE Scenario 2a and 2b as a baseline evaluation layout scenario as shown in Appendix A.

Proposal 2: OTDOA is considered as baseline positioning method for the purpose of evaluation.
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Appendix A: Proposed Evaluation Scenario

Modified SCE Scenario 2a
(Changes from SCE Scenario 2a are in green color)

	
	Macro cell
	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.
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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
	3.5GHz

	Carrier number
	1
	1 or 2

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

	Distance-dependent path loss
	3D-UMa [referring to Table 7.2-1 in TR36.873], with 3D distance between an eNB and a UE applied

	3D- Umi [referring to Table 7.2-1 in TR36.873] with 3D distance between an eNB and a UE applied

	Penetration
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)
	For outdoor UEs:0dB
For indoor UEs: 23dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ] for each link)


	Shadowing
	3D-UMa according to Table 7.3-6 of 36.873
	3D-UMi[referring to Table 7.3-6 in TR36.873]


	Antenna pattern
	3D, referring to Table 7.1-1 TS36.872


	2D or 3D, referring to Table 7.1-1 TS36.872



	Antenna Height: 
	25m
	10m

	UE antenna Height
	Outdoor
	1.5m

	
	Indoor
	hUT=3(nfl – 1) + 1.5 m
where, nfl ~ uniform(1,Nfl) and Nfl ~ uniform(1,8)

	Antenna gain + connector loss
	17 dBi 
	5 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	3D-UMa from TS36.873
	3D-UMi from TS36.873

	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
	4, 10

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

	Number of UEs 
	At least 1  

	UE dropping
	UE Dropping
	random and uniform throughout macro geographical area

	
	UE Location
	Indoor

Outdoor with Urban Canyon (optional)

	Radius for small cell dropping in a cluster
	50m 

	Radius for UE dropping in a cluster
	70m
	

	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

	Traffic model
	Baseline: FTP Model 1 as in TR 36.814 
Alternative (should be used when evaluating techniques where uneven load with larger time scale needs to be addressed): 
FTP Model 3: based on FTP model 2 with the exception that packets for the same UE arrive according to a Poisson process and the transmission time of a packet is counted from the time instance it arrives in the queue

0.5Mbytes file size.
The offered traffic is generated per macro cell geographical area when FTP model 1 is used.

	UE receiver
	MMSE-IRC as baseline

	UE noise figure
	9dB

	UE speed
	3km/h

	Cell selection criteria
	Baseline: RSRP for intra-frequency and RSRQ for inter-frequency, with cell common bias if CRE is applied.

	Network synchronization
	Baseline is synchronized; 

	Backhaul assumptions
	• The latency and throughput values for non-ideal backhaul indicated in Table 6.1-1 of 36.932 are the baseline assumptions 
         -The latency values of {2ms,10ms,50ms} are recommended for evaluation.
• Whether and how the backhaul assumptions are explicitly modelled in the simulations should be indicated by companies when presenting the results.  
• Proposals considering backhaul assumptions should analyze the influence of these assumptions on the delivery of the information to be exchanged and on the access network performance metrics.

	Performance metrics
	Discussed in Section 4 of this document.


Modified SCE Scenario 2b

(Changes from SCE Scenario 2b are in green color)

	
	Macro cell
	Small cell

	Layout
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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.
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Based on dual-stripe urban model TR36.814. Number of floor is 8.Random number of floors uniform between 2 and 5. 

The outdoor clusters in Scenario #2a is replaced by the above dual-stripe urban model. The hotspots are uniformly random within macro geographical area.

	System bandwidth per carrier
	10MHz
	10MHz

	Carrier frequency 
	2.0GHz
	3.5GHz

	Carrier number
	1
	1

	Total BS TX power (Ptotal per carrier)
	46dBm
	24dBm

	Distance-dependent path loss
	3D-UMa [referring to Table 7.2-1 in TR36.873], with 3D distance between an eNB and a UE applied

	SC-to-Indoor UE (same building):
PL (dB) = 38.46 + 20 log10R + 0.5*d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46)+ q*Liw+ delta(fc)

SC-to-outdoor UE:
PL (dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.5*d2D,indoor +  q*Liw + Low(fc) + delta(fc)

SC-to-Indoor UE (in a different building):
PL(dB) = max(15.3 + 37.6log10R, 

38.46 + 20log10R) +0.5*d2D,indoor + q*Liw + Low,1(fc) + Low,2(fc) + delta(fc)


Note: if UE is in virtual building, the d2D,indoor is uniform with [0,25]m

where,
delta(3.5GHz) = 20*log10(3.5/2) = 4.8 dB,

	Penetration
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)
	Outerwall penetration loss: 
Low(3.5GHz)=Low,1(3.5GHz)=Low,2(3.5GHz)=23dB. 

Innerwall penetration loss:
Liw =5 dB.


	Shadowing
	3D-UMa according to Table 7.3-6 of 36.873
	ITU InH [referring to Table A.2.1.1.5-1 in TR36.814]

Working assumption is that 3D distance is used for shadowing correlation distance

	Number of small cells per cluster
	Number of 10m x 10m units in a cluster] x[ Probability of SC per unit of 10m x 10m]

20% probability of having SC per unit of 10m x 10m
SCs are randomly dropped in the clusters.

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

	Antenna Height: 
	25m
	6m

	UE antenna Height
	1.5m

	
	

	Antenna gain + connector loss
	17 dBi 
	5dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	3D-UMa from TS36.873
	For indoor UEs:ITU InH
For outdoor UEs:ITU InH NLOS

	Antenna configuration
	2Tx2Rx in DL, Cross-polarized

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per cluster
	2

	Number of small cells per Macro cell
	2

	Number of UEs 
	At least 1  

	UE dropping
	UEs are dropped uniformly among the total number of floors within the hotzone building

	Radius for small cell dropping in a cluster
	N/A

	Radius for UE dropping in a cluster
	N/A
	

	Minimum distance (2D distance)
	N/A

	
	3m

	
	Macro –building center: 100m

	
	Macro – UE : 35m
	

	
	building center-building center: 130m

	Traffic model
	Baseline: FTP Model 1 as in TR 36.814 
Alternative (should be used when evaluating techniques where uneven load with larger time scale needs to be addressed): 
FTP Model 3: based on FTP model 2 with the exception that packets for the same UE arrive according to a Poisson process and the transmission time of a packet is counted from the time instance it arrives in the queue

0.5Mbytes file size.
The offered traffic is generated per macro cell geographical area when FTP model 1 is used.

	UE receiver
	MMSE-IRC as baseline

	UE noise figure
	9dB

	UE speed
	3km/h

	Cell selection criteria
	Baseline: RSRP for intra-frequency and RSRQ for inter-frequency, with cell common bias if CRE is applied.

	Network synchronization
	Baseline is synchronized.

	Backhaul assumptions
	• The latency and throughput values for non-ideal backhaul indicated in Table 6.1-1 of 36.932 are the baseline assumptions 
         -The latency values of {2ms,10ms,50ms} are recommended for evaluation.
• Whether and how the backhaul assumptions are explicitly modelled in the simulations should be indicated by companies when presenting the results.  
• Proposals considering backhaul assumptions should analyze the influence of these assumptions on the delivery of the information to be exchanged and on the access network performance metrics.

	Performance metrics
	Discussed in Section 4 of this document.


PAGE  
8/9

_1473256594.vsd

