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Introduction
Protocol support for the E-CID and OTDOA positioning methods is already specified for BL/CE UEs in Rel-13 and corresponding RAN4 requirements are being specified in as part of the Rel-14 WI on ‘Further enhanced MTC for LTE’ (FeMTC) [1].
As part of the same FeMTC WI, OTDOA improvements with respect to accuracy, UE complexity and power consumption are to be considered.
In this contribution, we discuss OTDOA performance for BL/CE UEs including Cat-M1 UEs and the agreed new 5-MHz UEs, referred to as ‘Cat-M2’ for simplicity in the following (although it has not yet been agreed whether it will actually be a UE category or a UE capability).
OTDOA positioning for FeMTC
In LTE, the basic concept of OTDOA is that a positioning server, e.g. an E-SMLC, requests the position of a UE which triggers the UE to estimate time of arrival (TOA) of signals received from multiple eNBs. The TOAs from several neighboring eNBs are subtracted from a TOA from a reference eNB to form Observed Time Difference of Arrivals that the UE reports to the network. These measurements are known as Reference Signal Time Difference (RSTD) measurements. Based on the reported RSTD measurements and known positions of the involved eNBs, the positioning server can estimate the position of the UE by using multilateration techniques.
Figure 1 represents the PRS transmission schedule defined in LTE [2]. There are set of parameters configured that may be of interest to be further analyzed for FeMTC positioning purpose. PRS is transmitted in predefined positioning subframes called “positioning occasions” and that can contain several consecutive subframes (NPRS in Figure 1). Positioning occasions can occur periodically with a certain periodicity TPRS. The period TPRS can be 160, 320, 640, or 1280 subframes, and the number of consecutive subframes NPRS can be 1, 2, 4, or 6 subframes. Other parameters showed in the figure are ΔPRS which is the subframe offset and TREP which is the periodicity of the periodic muting sequence, which is counted in number of PRS positioning occasions, and can be 2, 4, 8 or 16 [2].
It is mainly expected that FeMTC devices will be mainly installed in places with no or very limited GPS visibility, hence analyzing a positioning method candidate such as OTDOA is of interest. In principle, the OTDOA method for legacy LTE can be used for FeMTC UEs by having 6-PRB PRS and 25-PRB PRS for Cat-M1 and Cat-M2 UEs, respectively. In the following, first we present the FeMTC simulation scenario assumptions suitable for studying the positioning of FeMTC and second the positioning performance of Cat-M1 and Cat-M2 UEs are compared to the legacy LTE UEs, and some potential ways to enhance the positioning performance by these devices are further proposed. 
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Figure 1: Example of PRS transmission schedule [2]

Simulation scenario assumptions
The simulation assumption can be based on previous indoor positioning SI and more specifically Case 1 Table 5.1.1.1-1 in TR 37.857 [3] (also presented as an appendix in this contribution), with the following modifications.
3.1 Macro-only scenario 
As we would like to explore the full potential of FeMTC positioning based on reasonable network deployment, we prefer to limit the simulation to macro-only scenario, and drop the other two outdoor deployments with 4 and 10 small cells. The inter-site-distance has been also increased from 500 m to 700 m to make the deployment even more sparse.

3.2 Bandwidth and carrier frequency
The carrier frequency for FeMTC is set to 0.7 GHz. The same frequency carrier has been used for the compared LTE UE. The simulated bandwidth is set to 1.4 MHz for Cat-M1 equivalent to 6 PRB, 5 MHz for Cat-M2 equivalent to 25 PRB and 10 MHz for the legacy LTE UEs equivalent to 50 PRB.

3.3 Number of UE antennas and UE noise figure
While the legacy LTE UE has two receivers, the simulated Cat-M1 and Cat-M2 both have one receiver (Rx antenna), which is a limiting factor for their positioning performance. A practical UE noise figure of 5 dB is assumed for both FeMTC and LTE UEs in this study, similar to the assumption in the corresponding NB-IoT study [4], but lower than the 9 dB assumed in TR 37.857 [3] and allowed by the RAN4 requirement [5].

3.4 Link budget target
The target link budget for legacy LTE UE is set to 140 dB, while it is assumed 155 dB for FeMTC UEs (i.e. MCL = -155 dB). The link budget identifies the number of hearable cells which can be used in the OTDOA method at the UE. 

3.6 PRS subframe combining
All PRS subframes are combined non-coherently in our simulation scenario, it should further be specified for clarification if whether coherent combination of subframes within a PRS occasion is possible for MTC. This could more efficiently boost the SNR when using more than 1 consecutive PRS subframes.

Proposal 1:	Clarify the feasibility of combining subframes coherently within the PRS occasion. 

3.7 Others
In our simulations we have considered perfect synchronized network and an ideal muting scenario, meaning that interference from other cells is not simulated.

Proposal 2:	Companies are encouraged to provide FeMTC positioning simulation results according to the simulation assumptions presented in Section 3.
OTDOA performance comparison
Figure 2 presents our OTDOA simulation results for Cat-M1, Cat-M2 and legacy LTE UEs based on the simulation scenario defined in Section3. All UEs’ measurements were based on accumulated 8 PRS occasions. For Cat-M1 and Cat-M2 we chose NPRS = 6 consecutive subframe equivalent to 6ms that is the maximum allowed number in LTE. For legacy LTE UE we considered one subframe per PRS occasion. The periodicity was set to 160 ms. Table 1 presents the 67%ile positioning accuracy, time-to-fix and PRB accumulation for all the cases shown in Figure 1.  
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Figure 2: FeMTC and LTE positioning performance comparison.

Table: FeMTC and LTE performance comparison.
	Case
	Number of accumulated PRBs
	Time-to-fix
	67%ile positioning accuracy

	Cat-M1, #PRS occasions = 8, NPRS = 1
	6 * (8*1) = 48
	8 * 160 = 1280 ms
	58 m

	Cat-M1, #PRS occasions = 8, NPRS = 6
	6 * (8*6) = 288
	8 * 160 = 1280 ms
	45 m

	Cat-M1, #PRS occasions = 16, NPRS = 6
	6 * (16*6) = 576
	16 * 160 = 2560 ms
	43 m

	Cat-M2, #PRS occasions = 8, NPRS = 1
	25 * (8*1) = 200
	8 * 160 = 1280 ms
	30 m

	Cat-M2, #PRS occasions = 8, NPRS = 6
	25 * (8*6) = 1200
	8 * 160 = 1280 ms
	30 m

	Legacy UE, #PRS occasions = 8, NPRS = 1
	50 * (8*1) = 400
	8 * 160 = 1280 ms
	24 m



Here is the list of observations we can derive from the above simulation analysis:

Observation 1:	Increasing the number of consecutive subframes from 1 to 6 for Cat-M1 UEs improves the positioning accuracy by more than 20% for the 67%ile of the UEs for the simulated scenario.
Observation 2:	Increasing the number of consecutive subframes from 1 to 6 for Cat-M2 UEs does not improve the positioning accuracy for the simulated scenario.
Observation 3:	Increasing the number of PRS occasions from 8 to 16 for Cat-M1 UEs improves the positioning accuracy by less than 5% for the 67%ile of the UEs for the simulated scenario.
Observation 4:	There exists a bound on the positioning improvement obtained by increasing the number of accumulated PRBs for FeMTC. The limitation due to lower bandwidth and one number of UE receiver impacts FeMTC to not reach legacy LTE UE positioning performance.

Proposal 3:	Companies are encouraged to provide FeMTC positioning results based on 67%ile horizontal positioning accuracy, time-to-fix and the amount of PRB accumulation. 
Proposal 4:	Companies are encouraged to study the trade-off between number of accumulated PRBs/ time-to-fix and positioning accuracy to exploit the potential enhancements for the optimum FeMTC positioning performance.

Conclusions
In this contribution, we have analysed the OTDOA positioning performance for FeMTC and made the following observations.

Observation 1:	Increasing the number of consecutive subframes from 1 to 6 for Cat-M1 UEs improves the positioning accuracy by more than 20% for the 67%ile of the UEs for the simulated scenario.
Observation 2:	Increasing the number of consecutive subframes from 1 to 6 for Cat-M2 UEs does not improve the positioning accuracy for the simulated scenario.
Observation 3:	Increasing the number of PRS occasions from 8 to 16 for Cat-M1 UEs improves the positioning accuracy by less than 5% for the 67%ile of the UEs for the simulated scenario.
Observation 4:	There exists a bound on the positioning improvement obtained by increasing the number of accumulated PRBs for FeMTC. The limitation due to lower bandwidth and one number of UE receiver impacts FeMTC to not reach legacy LTE UE positioning performance.

We have the following proposals.

Proposal 1:	Clarify the feasibility of combining subframes coherently within the PRS occasion. 

Proposal 2:	Companies are encouraged to provide FeMTC positioning simulation results according to the simulation assumptions presented in Section 3.
Proposal 3:	Companies are encouraged to provide FeMTC positioning results based on 67%ile horizontal positioning accuracy, time-to-fix and the amount of PRB accumulation. 
Proposal 4:	Companies are encouraged to study the trade-off between number of accumulated PRBs/ time-to-fix and positioning accuracy to exploit the potential enhancements for the optimum FeMTC positioning performance. 
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Appendix
Table 5.1.1-1 from TR 37.857: Case 1: Outdoor macro + outdoor small cell deployment scenarios and outdoor macro-only deployment scenario (outdoor small cells = 0)
	
	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 (optionally, 3.5 GHz) – Note 1

	Carrier number 
	1 
	1 

	Total BS TX power (Ptotal per carrier) 
	46dBm 
	30dBm 

	Distance-dependent path loss 
	3D-UMa [referring to Table 7.2-1 in TR36.873 [4]] - Note 2
	3D-UMi [referring to Table 7.2-1 in TR36.873 [4]] - Note 2

	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 [4]] - Note 2
	3D-UMi [referring to Table 7.3-6 in TR36.873 [4]] - Note 2

	Antenna pattern 
	3D,  referring to TR36.819 [5] 
	2D Omni-directional baseline. 
Optional: 3D,  referring to TR36.819 [5]

	Antenna Height: 
	25m + α, where α~uniform[-5, 25]
	10m + β, where β~uniform[-5, 10]

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

	Antenna gain + connector loss 
	17 dBi 
	5 dBi 

	Antenna gain of UE 
	0 dBi 

	Fast fading channel between eNB and UE
	3D-UMa [referring to Table 7.3-6 in TR36.873 [4]] - Note 2
	3D-UMi [referring to Table 7.3-6 in TR36.873 [4]]  - Note 2

	Antenna configuration 
	2Tx2Rx in DL, Cross-polarized 

	Number of clusters/buildings per macro cell geographical area 
	1 

	Number of floors per building
	8

	Number of small cells per cluster 
	0, 4, 10 

	Number of small cells per Macro cell 
	{0, 4,10}*Number of clusters per macro cell geographical area

	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 error
	Perfectly synchronized for baseline.  
Additionally, network synchronization error case can be optionally simulated.  If included, the network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an eNB and a timing reference source which is assumed to have perfect timing, subject to a largest timing  difference of T2 ns, where T2 = 2*T1
–	That is, the range of timing errors is [-T2, T2]
–	T1:	Default: 50ns (for the additional performance evaluation)
–	Each individual company can further pick other values

	UE Calibration Error – Note 3
	Perfectly calibrated for baseline.
Additionally, UE calibration error can be optionally simulated. If included, the UE calibration error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values, subject to a largest timing difference of T2 ns, where T2 = 2*T1
–	That is, the range of timing errors is [-T2, T2]

	NOTE 1: 	For the optional case of the macro and outdoor small cells are on different carrier frequencies, i.e., 2GHz macro + 3.5GHz outdoor small cells, the penetration loss models are specified as part of Rel-12 small cell study [6].
NOTE 2: 	Within 3D-UMa modelling, 3D-UMa O-to-I is used for indoor UEs; 3D-UMa LOS or 3D-UMa NLOS, depending on LOS probability, is used for outdoor UEs. Within 3D-UMi modelling, 3D-UMi O-to-I is used for indoor UEs; 3D-UMi LOS or 3D-UMi NLOS, depending on LOS probability, is used for outdoor UEs.
NOTE 3:   Only applicable for the optional case where the macro and outdoor small cells are on different carrier frequencies.
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