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1 Introduction

A new work item on further eMTC enhancement (FeMTC) was agreed in RAN#72 and later revised in RAN#73 meeting [1]. The objective includes the following contents regarding positioning. In RAN1#86bis meeting, the following agreements were made regarding OTDOA enhancements.
Agreement:

· For Rel-14 feMTC OTDOA  positioning reference signal, enhancements to the legacy LTE PRS patterns and sequences can be considered but need to be justified by significant performance improvement compared to legacy

· Strive for the possibility for the legacy PRS REs to overlap with the Rel-14 PRS REs

· Rel-14 PRS configuration includes

· All legacy parameters, i.e., bandwidth, periodicity, subframe offset, number of consecutive subframes, etc.

· FFS transmission in invalid subframes

· Sets of values of the parameters are FFS

· Determination of frequency location remains FFS

· Details of Rel-14 PRS configuration parameter settings are FFS

· Details of Rel-14 PRS muting pattern are FFS

· FFS how many Rel-14 PRS configurations are needed per cell

· FFS how many Rel-14 PRS configurations are needed per UE

· RSTD measurement of PRS in different sets of PRBs in the frequency domain is supported

· FFS details

Agreement:
· Frequency hopping of PRS in OTDOA is supported.

· Configurations and details are FFS
In this paper, we discuss PRS design for feMTC OTDOA.
2 Simulation assumption on FeMTC OTDOA
According to the RAN1#86bis agreements, for Rel-14 feMTC OTDOA positioning reference signal, enhancements to the legacy LTE PRS patterns and sequences can be considered but need to be justified by significant performance improvement compared to legacy. Therefore we conduct simulation for the new PRS design.
The simulation assumptions are listed in table 1 and table2. The simulation assumptions are modified according to the TR37.857. It only involves macro cell and outdoor UE.
Table 1: System level simulation assumption modified according to outdoor macro-only deployment scenario (small cells = 0) in TR37.857

	
	Outdoor macro cell 
	Outdoor small cell 

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

	System BW per carrier 
	10MHz 
	N/A 

	Carrier frequency 
	2.0GHz
	N/A

	Carrier number 
	1 
	N/A

	Total BS TX power (Ptotal per carrier) 
	46dBm 
	N/A

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

	Penetration 


	For outdoor UEs: 0dB


	N/A 

	Shadowing 
	3D-UMa [referring to Table 7.3-6 in TR36.873 [4]] - Note 2
	N/A

	Antenna pattern 
	3D,  referring to TR36.819 [5] 
	N/A

	Antenna Height: 
	25m + α, where α~uniform[-5, 25]
	N/A

	UE Height 
	hUT=3(nfl – 1) + 1.5 m 

where, nfl ~ uniform(1,Nfl) and Nfl = 8 

	Antenna gain + connector loss 
	17 dBi 
	N/A

	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
	N/A

	Antenna configuration 
	2Tx1Rx in DL, Cross-polarized 

	UE dropping
	UEs randomly and uniformly dropped throughout the macro geographical area. 100% UEs are outdoor.

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

	
	Small cell-UE: N/A 

	
	Macro –small cell cluster center: N/A

	
	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 is simulated.  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 

	NOTE 1: 
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.




Table 2. Link level Simulation assumptions for RSTD measurement [2]
	Parameter
	Value

	Cell layout
	· 3 cells at distinct locations

·  the distances between each cell and target UE are identical

· Same ISD between cells

	Cell ID scenarios
	(0, 1, 2), 

(0, 6, 12) (baseline)

	Network synchronization
	· Synchronous with time shifts <0,0, CP/2>
· Option: Asynchronous with time shifts: <0, 250us, 450us>

	Duplex modes
	FDD 
Option: TDD

	TDD specific parameters
	Uplink-downlink configuration
	1

	
	Special subframe configuration
	6

	Cyclic prefix
	Normal

	DRX
	OFF

	Carrier frequency 
	2 GHz

	Carrier bandwidth
	10 MHz

	Channel model
	ETU30, EPA5, AWGN

	SINR for three cells, [dB]
	(Reference cell, neighbour cell 1, neighbour cell 2) = (-6,-13,-13)
(Reference cell, neighbour cell 1, neighbour cell 2) = (-15,-15,-15)

	Number of transmit antennas
	PRS
	1

	
	CRS
	1

	Number of receive antennas
	1

	MPDSCH transmission
	No MPDSCH transmission in PRS transmission occasions

	Number of consecutive positioning subframes
	6
Other number is not precluded

	Number of positioning occasions for a positioning fix
	1
Other number is not precluded

	PRS pattern
	6-reuse in frequency, vshift = mod(PCI,6)

	PRS transmission bandwidth
	10 MHz

	Measurement bandwidth
	6 RB, 24RB, 

Other BW options depending on RAN1 agreement.


3 Evaluation on FeMTC OTDOA using LTE PRS
The simulation results for FeMTC OTDOA are shown in table 1 based on simulation assumptions in table 1 and figure 1. 
Table 1: RSTD link level simulation results for FeMTC under CEModeA and CEModeB

	PRS occasion per cell
	Consecutive subframes per cell
	BW [MHz]
	SINRs [dB]
<reference cell, neighbour cell1, neighbour cell2>
	RSTD error, [Ts]

	
	
	
	
	AWGN
	EPA
	ETU

	1
	6
	1.4
	<-6,-13,-13>  (CEModeA)
	3.8
	4.4
	10.4

	4
	6
	
	<-15,-15,-15>  (CEModeB)
	9.4
	24.6
	N/A

	10
	6
	
	<-15,-15,-15> (CEModeB)
	7.3
	8.2
	12

	1
	2
	5
	<-6,-13,-13> (CEModeA)
	1.1
	1.7
	5.3

	2
	6
	
	<-15,-15,-15> (CEModeB)
	1.3
	2.1
	N/A

	4
	6
	
	<-15,-15,-15> (CEModeB)
	1.1
	1.6
	3.8
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Figure 1: Location accuracy for ETU30 channel with 6 RB RF bandwidth
3.1 CEModeA using LTE PRS

For CEModeA, the FeMTC RSTD measurement could meet the accuracy requirement of normal UE. The measurement reporting delay can be the same as the Rel-13 RSTD measurement reporting delay for FeMTC under CEModeA
3.2 CEModeB using LTE PRS

For CEModeB, different measurement periods are tried for 1.4 MHz bandwidth. At least 10 PRS occasions per cell are needed in order to meet the accuracy requirement of normal UE with 6 RB bandwidth. The measurement reporting delay is 10 times longer than the Rel-13 RSTD measurement reporting delay for FeMTC with 6 RB bandwidth under CEModeB.
For CEModeB, different measurement periods are tried for 5MHz bandwidth. At least 4 PRS occasions per cell are needed in order to meet the accuracy requirement of normal UE with 25 RB bandwidth. The measurement reporting delay is 4 times longer than the Rel-13 RSTD measurement reporting delay for FeMTC with 5MHz BW under CEModeB
Observation 1: FeMTC OTDOA using existing LTE PRS could meet accuracy requirement for Rel-13 normal UE.

Observation 2: FeMTC OTDOA using existing LTE PRS could reach 50 meters positioning accuracy.
Observation 3: The measurement reporting delay of FeMTC under CEModeA using existing LTE PRS can be the same as the Rel-13 RSTD measurement reporting delay.
Observation 4: The measurement reporting delay of FeMTC with 5 MHz bandwidth in CEModeB using existing LTE PRS is 4 times longer than the Rel-13 RSTD measurement reporting delay.
Observation 5: The measurement reporting delay of FeMTC with 6 RB bandwidth in CEModeB using existing LTE PRS is 10 times longer than the Rel-13 RSTD measurement reporting delay.
Proposal 1: Use existing LTE PRS in CEModeA. Introduce new PRS pattern for FeMTC in CEModeB.

4 Discussion on new PRS design
4.1 PRS pattern design

New PRS design could improve measurement accuracy. For example, PRS can be mapped to all the resource elements which are not used for other reference signal transmission during the PRS occasions. PDSCH can be dropped on PRS occasions in order to reduce interference to PRS. It is based on eNB implementation whether to drop PDSCH in Release 13. The new PRS design can ensure that legacy PRS REs to overlap with the Rel-14 PRS REs, and thus the backward compatibility can be achieved.  Rel-9 UE OTDOA measurement will not be impact by new PRS design. The performances of new PRS pattern are shown in Table 3 in CEModeB.
4.2 PRS bandwidth and frequency allocation

The new PRS bandwidth is supposed to be a number of narrowband, from 6 RB to the maximum bandwidth FeMTC supports. RSTD measurement of PRS in different sets of PRBs in the frequency domain is supported. eNBs inform E-SMLC the PRBs of PRS via LPPa. When OTDOA is triggered, E-SMLC informs FeMTC UE the PRBs/narrowband of PRS of reference cells and neighbour cells.
4.3 PRS interference control and muting pattern

Since FeMTC UE needs to measure PRSs from different cells, PRS interference between different cells needs to be considered to improve PRS SINR. Both time domain and frequency domain solution can be used. 
For frequency domain interference control, different cells can transmit new PRS on different narrowbands and inform the frequency location of new PRS to UE using assistance data. 
For time domain interference control, muting pattern can be used to control interference as shown in figure 2. Legacy muting pattern can be reused.

4.4 PRS frequency hopping

Frequency hopping can be supported. Frequency hopping enables FeMTC achieving frequency diversity gain. If coherent detection is allowed, frequency hopping can enlarge PRS measurement bandwidth, and thus improve positioning accuracy significantly. It could reuse current MPDCCH/PDSCH frequency hopping pattern.
4.5 PRS subframe offset

For intra-frequency RSTD measurement, cells are expected to transmit PRS in the same subframes. PRS subframe offset is not needed at least for intra frequency RSTD measurement.
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Figure2. Muting pattern interference control

4.6 PRS sequence generation and periodicity
For PRS configuration parameter and periodicity, legacy PRS initial sequence and PRS periodicity can be reused. Also the backward compatibility should be maintained to ensure that PRS sequences on legacy PRS REs location are same with legacy PRS sequence.

4.7 PRS subframe configuration

The new PRS transmission follows Rel-13 PRS subframe configuration. Positioning reference signals are transmitted only in configured DL subframes. Positioning reference signals shall not be transmitted in DwPTS. Positioning reference signals shall be transmitted in 
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 is configured by higher layers. The positioning reference signal instances, for the first subframe of the 
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The number of consecutive positioning sub-frames in one PRS occasion reuses legacy minimum consecutive PRS subframes, at least 6 for PRS BW 1.4MHz, at least 2 for PRS BW 5MHz and at least 1 for bandwidth larger than 5MHz.
4.8 PRS configuration per cell/UE

Currently, network planning can choose PRS configuration for eNB among all the valid PRS configurations parameters sets, e.g. PRS periodicity, PRS subframe configuration, PRS muting pattern. There is no limitation on how many Rel-14 PRS configurations are needed per cell.

Currently, UE has the capabilities to measure at least 16 cells based on current RAN4 requirements. There is no limitation on how many Rel-14 PRS configurations are needed per UE.

The detail new PRS configuration of FeMTC is shown in table 2.

Table 2: New PRS configuration for FeMTC
	Parameter 
	Comments / values

	PRS transmission bandwidth
	N* 6RB, N=1, 2, 3, 4… up to maximum bandwidth FeMTC supported.

	Transmission in invalid subframes


	Reuse current PRS subframe configuration and avoid transmission in invalid subframes

	Frequency location
	New PRS is transmitted on narrowband where FeMTC is located

	RSTD measurement of PRS in different sets of PRBs in the frequency domain is supported
	eNBs inform E-SMLC the PRBs of PRS via LPPa. When OTDOA is triggered, E-SMLC informs FeMTC UE the PRBs/narrowbands of PRS of reference cell and neighbour cells.

	Frequency hopping of PRS in OTDOA
	Frequency hopping information sends to UE via assistance data.

Considering possibility of coherent detection over frequency hopping
Can reuse current MPDCCH/PDSCH frequency hopping pattern

	PRS periodicity
	Reuse legacy PRS period

	Number of consecutive positioning sub-frames in one PRS occasion
	Reuse legacy minimum consecutive PRS subframes
At least 6 for 1.4MHz

At least 2 for 5MHz

At least 1 for bandwidth larger than 5MHz

	PRS configuration parameter
	Reuse legacy PRS initial sequence

	Subframe offset
	none for intra frequency RSTD measurement

	PRS muting pattern
	Reuse legacy muting pattern

	How many Rel-14 PRS configurations are needed per cell
	PRS configuration per cell is controlled by network planning. There is no limitation on how many Rel-14 PRS configurations are needed per cell.

	How many Rel-14 PRS configurations are needed per UE
	Reuse current RAN4 requirement that UE has the capabilities to measure at least 16 cells if available.


Table 3: RSTD link level simulation results for FeMTC for new PRS pattern
	PRS pattern
	PRS occasion per cell
	Consecutive subframs per cell
	BW [MHz]
	SINRs [dB]
<reference cell, neighbour cell1, neighbour cell2>
	RSTD error, [Ts]

	
	
	
	
	
	AWGN
	EPA
	ETU

	New PRS
	1
	6
	1.4
	<-15,-15,-15>  (CEModeB)
	5.7
	6.8
	10.1

	legacy PRS
	4
	6
	
	<-15,-15,-15>  (CEModeB)
	9.4
	24.6
	N/A

	legacy PRS
	10
	6
	
	<-15,-15,-15> (CEModeB)
	7.3
	8.2
	12

	New PRS
	1
	2
	5
	<-15,-15,-15>  (CEModeB)
	0.9
	1.3
	3.3

	legacy PRS
	2
	6
	
	<-15,-15,-15> (CEModeB)
	1.3
	2.1
	N/A

	legacy PRS
	4
	6
	
	<-15,-15,-15> (CEModeB)
	1.1
	1.6
	3.8


Observation 6: The measurement reporting delay for FeMTC under CEModeB using new PRS can be the same as the Rel-13 RSTD measurement reporting delay.
Proposal 2: PRS for FeMTC OTDOA in CEModeB are sent in all REs in a subframe that are not used by reference signal transmissions.
Proposal 3: The configuration parameters of PRS for FeMTC OTDOA are as in Table 2.
5 Conclusion

In this paper, we provide evaluation on FeMTC OTDOA, and discuss PRS designs suitable for CEModeA and CEModeB. We also discuss the configuration parameters that should be used.

Proposal 1: Use existing LTE PRS in CEModeA. Introduce new PRS pattern for FeMTC in CEModeB.
Proposal 2: PRS for FeMTC OTDOA in CEModeB are sent in all REs in a subframe that are not used by reference signal transmissions.
Proposal 3: The configuration parameters of PRS for FeMTC OTDOA are as in Table 2.
Observation 1: FeMTC OTDOA using existing LTE PRS could meet accuracy requirement for Rel-13 normal UE.

Observation 2: FeMTC OTDOA using existing LTE PRS could reach 50 meters positioning accuracy.
Observation 3: The measurement reporting delay of FeMTC under CEModeA using existing LTE PRS can be the same as the Rel-13 RSTD measurement reporting delay.
Observation 4: The measurement reporting delay of FeMTC with 5 MHz bandwidth in CEModeB using existing LTE PRS is 4 times longer than the Rel-13 RSTD measurement reporting delay.
Observation 5: The measurement reporting delay of FeMTC with 6 RB bandwidth in CEModeB using existing LTE PRS is 10 times longer than the Rel-13 RSTD measurement reporting delay.
Observation 6: The measurement reporting delay for FeMTC under CEModeB using new PRS can be the same as the Rel-13 RSTD measurement reporting delay.
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