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1 Introduction
In RAN1#79, the following agreements were made:
· Take R1-145396 [1] as a working assumption, except

· FFS synchronization error

· FFS the number of floors (up to 8)

· FFS whether or not to additionally have different carrier frequencies for macro and small cells

· E.g., 2GHz macro + 3.5GHz small cells

· FFS the cluster/density of small cells

· FFS whether the total number of small cells can be zero

· FFS UE dropping model

· For outdoor macro + outdoor small cell scenario

· FFS the antenna height for small cells

· For outdoor macro + indoor small cell scenario

· FFS whether to use single or dual-strip model for indoor small cells

· Agree on R1-145415 [2], with the following changes:

· FFS synchronization error

· Adding 0dB power boosting as optional
In this contribution, we present our views on synchronization error for indoor positioning.
2 Synchronization Error
The synchronization error for indoor positioning can be defined as in TS36.104 clause 6.5.3:
Frames of the LTE signals present at the BS transmitter antenna port(s) are not perfectly aligned in time. In relation to each other, the RF signals present at the BS transmitter antenna port(s) experience certain timing differences.

For a specific set of signals/transmitter configuration/transmission mode, time alignment error (TAE) is defined as the largest timing difference between any two signals.
Case1: Synchronization error between transmitter antenna ports under the same macro cell

For synchronization error between macro and small cells, it is recommended to reuse synchronization requirements defined in TS36.104 clause 6.5.3.1:
For MIMO or TX diversity transmissions, at each carrier frequency, TAE shall not exceed 65 ns.
This 65ns Synchronization error largely results from hardware, and is hard to be eliminated.
Case2: Synchronization error between macro cells
For synchronization error between macro cells, it is recommended to reuse requirements defined in TS36.133 clause A.9.8.1.1, that the radio frame transmit time offset between the macro cells shall be within 3μs.
It should be noted that based on TS36.455, E-SMLC can collect GPS timing information from macro cells. Therefore, the radio frame timing differences between macro cells can be almost completely eliminated.
Proposal 1: The synchronization error for indoor positioning study is defined as the timing difference between frames of LTE signals present at the BS transmitter antenna ports. 

Proposal 2: The synchronization error between BS transmitter antenna ports under the same macro cell shall not exceed 65ns.
Proposal 3: The synchronization error between macro cells shall not exceed 3μs. This synchronization error between macro cells can be further restrained by using timing information from macro cells, which will cause the synchronization error not to exceed 65ns.
3 Initial evaluation results on network synchronization error 

3.1 Simulation Assumptions

An initial evaluation results for indoor positioning are given based on synchronization error within 65ns.  
Table 1. Simulation setup
	System bandwidth 
	10 MHz 

	Cell planning 
	PCI planning for macro and small cells 

	Network synchronization 
	synchronization error within 65ns

	Duplex modes 
	FDD 

	Cyclic prefix 
	Normal 

	DRX 
	OFF 

	Number of antenna ports 
	PRS
	1

	
	CRS
	2

	Number of receive antennas 
	2 

	Number of consecutive positioning subframes in one occasion 
	1 

	Measurement bandwidth 
	10MHz

	PRS bandwidth 
	10MHz

	PRS Power boosting
	10log6 dB 

	PDSCH transmission 
	No PDSCH transmission in PRS transmission occasions 

	RSTD report quantization 
	Modelled as in 36.133 section 9.1.10.3 


The simulation scenarios and assumptions for OTDOA are shown in appendix, which are summarized from [3].
3.2 Performance Results
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Fig. 1. Positioning Accuracy for macro + indoor small cell deployment scenario with synchronization error
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Fig. 2. Positioning Accuracy for macro + outdoor small cell deployment scenario with synchronization error
Table 2. Summary of the indoor positioning accuracy results
	Scenarios
	CDF
	Horizontal Accuracy (m)

	Macro+Indoor small cell with synchronization error
	67%
	32

	
	90%
	62

	Macro+outdoor small cell with synchronization error
	67%
	39

	
	90%
	101


From the above figures, it can be seen that the horizontal positioning accuracy is within 50 meters for 67% possibility.
However, the vertical accuracy can not reach 3 meters for 67% possibility. 
It is further suggested that OTDOA method alone can not reach 3-meter vertical accuracy of 67% possibility even under perfect synchronization situation [4].
Therefore, it is suggested that using OTDOA for horizontal positioning and using other methods for vertical positioning.

Proposal 4: Use OTDOA for horizontal positioning. Use other methods for vertical positioning.
4 Conclusions
In this contribution, we discussed the synchronization error for indoor positioning evaluation scenarios:
Proposal 1: The synchronization error for indoor positioning study is defined as the timing difference between frames of LTE signals present at the BS transmitter antenna ports. 

Proposal 2: The synchronization error between BS transmitter antenna ports under the same macro cell shall not exceed 65ns.

Proposal 3: The synchronization error between macro cells shall not exceed 3μs. This synchronization error between macro cells can be further restrained by using timing information from macro cells, which will cause the synchronization error not to exceed 65ns.
Proposal 4: Use OTDOA for horizontal positioning. Use other methods for vertical positioning.
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Appendix: Simulation Scenarios and assumptions

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 as shown in table 3
· Outdoor macro + indoor small cell deployment scenario as shown in table 4
Table 3. Outdoor macro +outdoor small cell deployment scenario
	
	Outdoor macro cell 
	Outdoor small cell 

	Layout 
	Hexagonal grid, 3 sectors per site, 7 or 19 Macro sites, ISD = 500m 
	Same as SCE scn.1 

	System BW per carrier 
	10MHz 
	10MHz 

	Carrier frequency 
	2.0GHz
	2.0GHz

	Carrier number 
	1 
	1 

	Total BS TX power (P total per carrier) 
	46dBm 
	30dBm 

	Distance-dependent path loss 
	3D-UMa [referring to Table 7.2-1 in TR36.873] 
	3D-UMi [referring to Table 7.2-1 in TR36.873] 

	Penetration 


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

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

	Antenna pattern 
	3D,  referring to TR36.819 
	3D,  referring to TR36.819

	Antenna Height: 
	25m 
	6-10m, random uniform distribution

	UE Height 
	hUT=3(nfl – 1) + 1.5 m 

where, nfl ~ uniform(1,Nfl) and Nfl = 4 

	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 

	Number of floors per building
	4

	Number of small cells per cluster 
	10

	Number of small cells per Macro cell 
	10

	UE dropping 
	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. 

	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 

	UE noise figure 
	9dB 

	UE speed 
	3km/h 

	Network synchronization 
	Unsynchronized with 65ns TAE 


Table 4. Outdoor macro + indoor small cell deployment scenario
	
	Outdoor macro cell 
	Indoor small cell 

	Layout 


	Hexagonal grid, 3 sectors per site, 7 or 19 Macro sites, ISD = 500m 


	Same as SCE scn.2b dense, except the following 4 cell locations per floor
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	 System BW per carrier 
	10MHz 
	10MHz 

	Carrier frequency 
	2.0GHz 
	2.0GHz 

	Carrier number 
	1 
	1 

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

	Distance-dependent path loss 
	3D-UMa O-to-I
 [referring to Table 7.2-1 in TR36.873] 
	For indoor UEs in the same building: ITU InH [referring to Table B.1.2.1-1 in TR36.814]. For outdoor UEs and indoor UEs in another building, ITU UMi [referring to Table B.1.2.1-1 in TR36.814].

	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 indoor UEs on the same floor in the same building: 0dB
For indoor UEs on another floor in the same building: 18.3 n ((n+2)/(n+1)-0.46) dB, where n is the number of penetrated floors
For outdoor UEs: 20dB+0.5din (din: independent uniform random value between [0, min(25,UE-to-eNB distance)]  for each link)
For indoor UEs in another building: 40 dB+0.5(din_1+ din_2) (din_1 and din_2 are independent uniform random value between[0, min(25,UE-to-eNB distance)] for each link) 

	Shadowing 
	3D-UMa O-to-I [referring to Table 7.3-6 in TR36.873] 
	ITU InH [referring to Table A.2.1.1.5-1 in TR36.814] 

	Antenna pattern 


	3D,  referring to TR36.819 
	2D Omni-directional 

	Antenna Height
	25m 
	3(nfl – 1) + 2.5m,  where nfl({1,2,3,4} 

	UE Height 
	hUT=3(nfl – 1) + 1.5m,  where nfl ~ uniform(1,4) 

	Antenna gain + connector loss 
	17 dBi 
	5dBi 

	Antenna gain of UE 
	0 dBi 

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

	Antenna configuration 
	2Tx2Rx in DL, Cross-polarized 

	Number of buildings per macro cell geographical area 
	1 

	Number of floors per building 
	4

	Number of small cells per floor per building 
	4

	UE dropping 
	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. 

	Minimum distance (2D distance) 
	N/A 

	
	Small cell-UE: 3m 

	
	Macro –building center: 100m 

	
	Macro – UE: 35m 

	
	building center-building center: 130m 

	UE noise figure 
	9dB 

	UE speed 
	3km/h 

	Network synchronization 
	Unsynchronized with 65ns TAE













































































