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1. Introduction
RAN1 #78bis reaches the following agreements for indoor positioning study: 

· For evaluating baseline performance, two scenarios are defined for the existing positioning techniques (e.g. A-GNSS, E-CID, OTDOA, UTDOA, or hybrids thereof) for indoor environments:

· Outdoor deployment scenario, at least for the case of macro + outdoor small cell only

· FFS: whether or not to evaluate the case of Macro only deployment

· Outdoor macro + indoor small cell deployment scenario

This contribution continues to discuss the evaluation methodology for indoor positioning, based upon the above agreement. 
2. Macro-only scenario
Quite a few positioning techniques, such as OTDOA and UTDOA, need multiple eNB sites to get involved, since the UE’s location is derived from the known locations of these eNB sites. On one hand, as the Rel-12 network node type, small cell deployment is naturally considered as the existing network condition in Rel-13 study of indoor positioning, as well as the one of existing techniques to improve the current positioning performance without much specification efforts. For evaluation purpose, it can be assumed in this SI that small cell is always available in each UE’s positioning determination. On the other hand, a certain positioning session should not preclude the combination of the eNBs sites in which majority of, or even all of, the involving eNBs are macro eNBs, if those kinds of combinations give better positioning performance. 

Proposal 1: There seems no need to have a macro-only scenario; however, macro-only or macro-heavy combinations in eNB selections should not be precluded in evaluation, even though small cell is always available.   
3. Some aspects in evaluation methodology
Our proposed simulation numerologies for the two agreed evaluation scenarios are given in Appendix A and B, based on the small cell scenario-2a and scenario-2b with dual-strip indoor modelling. The modifications on top of the existing assumptions are marked in red. The motivations for some of modifications are described below. 

Adoption of 3D channel model
RAN1 made a great effort in the completion of 3D channel model, which stands as the most up-to-date and accurate channel model so far in 3GPP. The features of 3D channel model make it perfectly fit with indoor positioning evaluation, at least for the link between outdoor macro/SCE eNBs and UE. For the link between indoor SCE and UE, our preference is to borrow the modelling from 3D-UMi; however, if it leads to time-consuming RAN1 discussion and study to verify whether 3D-UMi could be used for indoor SCE, it is also the reasonable choice for us to keep the current InH modelling.    
Multipath modelling

Two multipath models that were once used in RAN1 simulation before are discussed [5][6] in the last RAN1 meeting for positioning study: 3D UMa/UMi O-to-I model [2] and ETU model [3]. Based on the power delay profile modelling for UMi/UMa O-to-I case, 106 channel realizations are generated to statistically derive the CDFs for 1st cluster delay, 2nd cluster delay, peak cluster delay, as well as the power differences between the peak cluster and the first two clusters, as shown in Figure 1. The sub-cluster modelling in [2] is omitted here for simplicity reason, given their delays are no larger than 10ns after the cluster.      
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Figure 1 3D UMa/UMi O-to-I power delay property
The observed statistics for the 3D UMa/UMi O-to-I model are listed below, with the comparison to ETU model:
· The first cluster almost always has zero delay. At about ¼ chances, the first cluster is the peak-power cluster. 

· In ETU: the first path has always zero delay and always 1dB lower than the peak-power path. 

· The second cluster has the mean delay around 63ns. At near ½ chances, the peak-power cluster is among the first two clusters. 

· In ETU, the second path has fix delay of 50ns and it is also 1dB lower than the peak-power path.

· The peak-power cluster has the mean delay around 168ns. 
· In ETU: the three peak paths have the fixed tap delays at [200,230,500] ns.   

Therefore, comparing to the ETU channel model, 3D UMa/UMi O-to-I channel model generates an earlier peak-power cluster (than 200ns) at nearly 75% of chances; however, it may result in deeper power drop of 1st cluster down from the peak cluster, which can make the detection of first arrival path more challenging. 
Given that 3D UMa/UMi is commonly recognized closer to the realistic propagation conditions than other channel models used in RAN1, we support to use the UMa/UMi O-to-I model for positioning study.  
eNB antenna height and its 3D location
As pointed out in [7], it is not a good deployment setup for OTDOA positioning solution if all eNBs have the same or similar antenna height. A simple reasoning is that: if all eNBs have the same antenna height at h, the UEs at the locations (x,y,h+∆) and (x,y,h-∆) observes the same OTDOA measurements, which results in location ambiguity for any (x,y) and any ∆. The same issue exists when all eNB have the same x-coordinate or y-coordinate. In general, for the OTDOA based positioning, the involved eNB 3D locations 
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. Therefore, we propose the following:

· The macro eNB antenna height is independently and uniformly chosen from [19, 21, 25, 28, 31] meters;
· The outdoor SCE antenna height is the independent uniform random value between [7, 13] meters; 
·  
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holds for all SCE per outdoor cluster, all SCE per indoor building and all macro eNBs in the single OTDOA measurement session. 
UE position estimation algorithm in OTDOA
As shown in [7], it can improve OTDOA positioning performance by adding one constraint on the relation between UE’s 3D location 
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, which are both unknown variables in the least square error detection algorithm. In addition, this added constraint also helps to reduce the chance that the estimation processing encounters the matrix operation with a singular or badly-scaled condition. It should be noted that, for certain realization of eNB/UE drop, least-square with quadratic constraint (LS-QC) algorithm may not have an analytical solution. When this happens, LS-QC can fall back to ordinary LS algorithm. Our simulation shows the chance for such fall back is quite tiny, if not none. 
Number of UEs and UE dropping method
Unlike the previous SCE evaluations, whose performance metric (data channel throughput) does not depend on UE locations much (though it may somehow depend on UE-eNB distance), the evaluation of indoor positioning can have its conclusion heavily depending on the UE locations realized in the simulation drops. For the same channel condition, the same signal format/strength and the same signal detection capability, certain UE locations can have better or worse positioning results than some other locations. Therefore, for each deployment drop of macro/SCE eNBs, if the number of dropped UE is not large enough to sufficiently cover the “good” or “bad” spots for that specific eNB topology, the bias can be generated in the result. It is apparently a better choice to reduce such bias as much as possible in each drop, rather than relying on a big number of drops to average out the bias, which is not guaranteed because the eNB topology is also changed in each drop. So, concerning about the UE dropping in the evaluation, we propose two methods, each of which corresponds to different UE densities in every drop but meanwhile with different level of simulation complexities. 
· Method-1: A given number (say, NUE) of UEs are dropped inside each macro-cell coverage area.  These NUE UEs are uniformly distributed into each SCE cluster or SCE building. The number of UEs dropped on each floor level is also the same across all SCE clusters or SCE buildings. Then the UEs (per floor level) are randomly and uniformly dropped within each cluster or building. Out preliminary opinion on value of NUE is such that the number of UEs per floor level in a radius-70m cluster or in a 70mx70m dual-strip office space is 10. 
· Method-2: Instead of picking a small portion of possible UE locations in each drop as in Method-1, Method-2 intends to enumerate all potential UE locations, with a reasonable UE-UE separation distance. One example of UE dropping is shown in Figure 2 for the UE-UE separation equal to 6m. Companies using Method-2 can adjust this number for the trade-off between evaluation accuracy and complexity.  
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(x - outdoor SCE location, dot - UE location)
Figure 2 Example of UE dropping in a SCE cluster by Method-2
Proposal 2: Consider the simulation numerologies in Appendix A for macro+outdoor SCE scenario, and simulation numerologies in Appendix B for macro+indoor SCE scenario.   
4. Conclusion
Proposal 1: There seems no need to have a macro-only scenario; however, macro-only or macro-heavy combinations in eNB selections should not be precluded in evaluation, even though small cell is always available.  

Proposal 2: Consider the simulation numerologies in Appendix A for macro+outdoor SCE scenario, and simulation numerologies in Appendix B for macro+indoor SCE scenario.   
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Appendix A. Evaluation numerology for macro + outdoor SCE scenario
	
	Macro cell
	Small cell (outdoor)

	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
	ITU UMa[referring to Table B.1.2.1-1 in TR36.814], with 3D distance between an eNB and a UE applied
Working assumption is that 3D distance is also used for:

break point distance

LOS probability
3D UMa O-to-I [referring to Table 7.2-1 and Table7.2-2 in TR 36.873]
	ITU Umi [referring to Table B.1.2.1-4 in TR36.814] with 3D distance between an eNB and a UE applied
Working assumption is that 3D distance is also used for:

break point distance

LOS probability
3D UMi O-to-I [referring to Table 7.2-1 and Table7.2-2 in TR 36.873]. 

	Penetration
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)
Note: this is already included in Table 7.2-1 of TR 36.873
	For outdoor UEs:0dB
For indoor UEs: 2320dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ] for each link)
Note: this is already included in Table 7.2-1 of TR 36.873, except the adjustment in min(25,UE-to-eNB distance)

	Shadowing
	ITU UMa according to Table A.1-1 of 36.819
Working assumption is that 3D distance is used for shadowing correlation distance
3D UMa, according to Table 7.2-1 and section 7.2.1 in TR 36.873
	ITU UMi[referring to Table B.1.2.1-1 in TR36.814]
Working assumption is that 3D distance is used for shadowing correlation distance
3D UMi, according to Table 7.2-1 and section 7.2.1 in TR 36.873

	Antenna pattern
	3D,  referring to TR36.87319
	2D Omni-directional is baseline; directional  antenna is not precluded

	Antenna Height: 
	25m Independently and uniformly chosen from [19, 21, 25, 28, 31] meters 
	10m Independent uniform random value between [7, 13] meters

	UE antenna Height
	1.5m 3*(fl-1)+1.5, where fl is the integer for 1≤fl≤8. Refer to “Number of UEs and UE dropping” in this table. 

	Antenna gain + connector loss
	17 dBi 
	5 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa according to Table A.1-1 of 36.819
3D UMa O-to-I according to section 7.3 in TR 36.873
	 ITU Umi
3D UMi O-to-I according to section 7.3 in TR 36.873

	Antenna configuration
	2Tx2Rx in DL Baseline is 1Tx2Rx in both DL and UL, 2Tx2Rx is not precluded. Cross-polarized

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

	Number of small cells per cluster
	4 (for sparse deployment), 10 (for dense deployment)

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

	Number of UEs 
	60 UEs per macro cell geographical area are recommended when FTP model 3 is used

	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 UEs and UE dropping 
	Two methods for companies to choose from: 

Method-1: NUE UEs per macro cell geographical area. NUE=80 × Number of clusters per macro cell geographical area. For each cluster and each fl
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[1~8], 10 UEs are randomly and uniformly dropped in the cluster. 100% UEs are indoor.
Method-2: For each cluster and each fl
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[1~8], potential UE spots are defined on a grid, on which the UE spots separations on x-direction and y-direction are both equal to dUE,sep. UEs are dropped to fill up all potential UE spots on  the grid for each fl, unless the potential UE spot does not satisfy the criteria of “Minimum distance (2D distance)” in this table. 100% UEs are indoor. Companies should indicate dUE,sep used in simulation. 

	Radius for small cell dropping in a cluster
	50m 
All the N small cell 3D locations, P1, P2, …PN, in a cluster should satisfy:

Rank[P1 P2 …PN]=3. 

	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. For OTDOA/UTDOA, quadratic constraint is included in UE location estimation to avoid unnecessary performance degradation. 

	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; if an evaluated feature requires synchronization, this should be stated; evaluations without synchronization are not precluded, and the assumed synchronization accuracy in such simulations should be stated.

	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
	Mean, 5%/50%/95% UPT at the given offered traffic (for example the offered traffic resulting in a resource utilization of e.g., 10%, 30%, or 50%, for a reference scheme). 
Note: performances should be evaluated for users in all area and for users served by small cells. 
CDF of positioning error on horizontal 2D plane; CDF of positioning error on elevation; accuracy at >66.7% vs. time to fix. 


Appendix B. Evaluation numerology for macro + indoor SCE scenario
	
	Macro cell
	Small cell (indoor)

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

	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
	24dBm

	Distance-dependent path loss
	Macro-to UE link: default is ITU UMa [referring to Table B.1.2.1-1 in TR36.814]
3D distance between an eNB and a UE is applied

Working assumption is that 3D distance is also used for:

break point distance

LOS probability

Linear  height dependent adjustments based on measurements of height dependent gain for non-line of sight links 

o  Linear gain factor – if present, possible range (1.1 – 1.5)dB/m (FFS)
o  PL  = Max( Non-LOS PL +Gain, LOS PL)  
o  Height Dependent LOS probability FFS

Note: it may be updated according to the agreements in the 3D MIMO SI. 

3D UMa O-to-I [referring to Table 7.2-1 and Table7.2-2 in TR 36.873]
	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 + Low1(fc) + Low2(fc) + delta(fc)

Note: if UE is in virtual building, the d2D,indoor is uniform within [0,25 min(25,UE-to-eNB distance)]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)
Note: this is already included in Table 7.2-1 of TR 36.873
	Already included in pathloss model above
Outerwall penetration loss:

Low(3.5GHz)=Low1(3.5GHz)

                     =Low2(3.5GHz)=23dB

Innerwall penetration loss:
Liw =5 dB.

	Shadowing
	ITU UMa according to Table A.1-1 of 36.819

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

3D UMa, according to Table 7.2-1 and section 7.2.1 in TR 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

	Antenna pattern
	3D,  referring to TR36.87319
	2D Omni-directional is baseline; directional  antenna is not precluded

	Antenna Height: 
	25m Independently and uniformly chosen from [19, 21, 25, 28, 31] meters
	6m Companies should indicate the relation between SCE antenna height and the floors. 

	UE antenna Height
	1.5m3*(fl-1)+1.5, where fl is the integer for 1≤fl≤8. Refer to “Number of UEs and UE dropping” in this table.

	Antenna gain + connector loss
	17 dBi 
	5dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa according to Table A.1-1 of 36.819

3D UMa O-to-I according to section 7.3 in TR 36.873
	For indoor UEs:ITU InH 
For outdoor UEs:ITU InH NLOS

	Antenna configuration
	2Tx2Rx in DL Baseline is 1Tx2Rx in both DL and UL, 2Tx2Rx is not precluded. Cross-polarized

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

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

For sparse deployment: x% 5% probability of having SC per unit of 10m x 10m
For dense deployment: (4*x)% 20% probability of having SC per unit of 10m x 10m
x is TBD and may depend on how SCE antenna heights are relating to the floors. 
SCs per floor are randomly dropped in the clusters/building.
All the N small cell 3D locations, P1, P2, …PN, in a cluster/building should satisfy:

Rank[P1 P2 …PN]=3.

	Number of small cells per Macro cell
	2

	Number of UEs 
	60 UEs per macro cell geographical area are recommended when FTP model 3 is used

	UE dropping
	2/3 of UEs are dropped within the hotzone buildings 
1/3 of UEs are dropped throughout the macro geographical area (including hotzones) 
o   A UE is an indoor UE if it is located within a hotzone building 
o   Additionally, a UE not located within a hotzone building is classified as an indoor UE with x% probability, where x>=0. Companies should indicate the value x when presenting the results. 
Revisit if it diverges much from 20%/80% outdoor/indoor UE splitting


	Number of UEs and UE dropping
	Two methods for companies to choose from: 

Method-1: NUE UEs per macro cell geographical area. NUE=80 × Number of clusters per macro cell geographical area. For each cluster and each fl
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[1~8], 10 UEs are randomly and uniformly dropped in the cluster. 100% UEs are indoor.
Method-2: For each cluster and each fl
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[1~8], potential UE spots are defined on a grid, on which the UE spots separations on x-direction and y-direction are both equal to dUE,sep. UEs are dropped to fill up all potential UE spots on the grid for each fl, unless the potential UE spot does not satisfy the criteria of “Minimum distance (2D distance)” in this table. 100% UEs are indoor. Companies should indicate dUE,sep used in simulation.

	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

	
	Small cell-UE: 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. For OTDOA/UTDOA, quadratic constraint is included in UE location estimation to avoid unnecessary performance degradation.

	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; if an evaluated feature requires synchronization, this should be stated; evaluations without synchronization are not precluded, and the assumed synchronization accuracy in such simulations should be stated.

	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
	Mean, 5%/50%/95% UPT at the given offered traffic (for example the offered traffic resulting in a resource utilization of e.g., 10%, 30%, or 50%, for a reference scheme). 
Note: performances should be evaluated for users in all area and for users served by small cells. 
CDF of positioning error on horizontal 2D surface; CDF of positioning error on elevation; accuracy at >66.7% vs. time to fix.
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