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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. The objective includes the following contents regarding positioning.

Positioning [RAN4, RAN1]

· E-CID: RSRP/RSRQ measurement

· E-CID: UE Rx-Tx time difference measurement

· OTDOA: core requirements
· OTDOA: consider improvements of accuracy, UE complexity and power consumption

In RAN4#81 meeting, WF on FeMTC positioning was agreed to perform simulation using at least 2 PRS occasions per cell for RSTD measurement [1]
· Perform simulation using at least 2 PRS occasions per cell
· Simulation assumption adopts R4-166819
LS(R1-1613760) from RAN1 #87 meeting has been sent to RAN4[2]. New RRM requirement for eNB-IOT OTDOA is needed.
In this paper, we provide evaluation on FeMTC OTDOA.

2. Discussion 
Simulation assumption is based on R4-166819. The simulation results are shown in table 1 with different PRS occasion per cell in order to maintain the same accuracy requirements.
Table 1: RSTD link level simulation results
	PRS occasion per cell
	Consecutive subframs per cell
	Number of PRS subframes measured per cell
	BW [MHz]
	SINRs [dB]
<reference cell, neighbour cell1, neighbour cell2>
	RSTD error, [Ts]

	
	
	
	
	
	AWGN
	EPA
	ETU

	2
	6
	12
	1.4
	<-6,-13,-13>
	2.3
	3.1
	9.0

	4
	6
	24
	
	<-15,-15,-15>
	9.4
	24.6
	N/A

	10
	6
	60
	
	<-15,-15,-15>
	7.3
	8.2
	12

	2
	1
	2
	5
	<-6,-13,-13>
	0.9
	1.6
	7.1

	2
	6
	12
	
	<-15,-15,-15>
	1.3
	2.1
	N/A

	4
	6
	24
	
	<-15,-15,-15>
	1.1
	1.6
	3.8


For CEModeA, the FeMTC RSTD measurement could meet the accuracy requirement of normal UE with 6RB. The measurement period will be relaxed for two times since 2 PRS occasions are needed for every cell PRS measurement.

For CEModeB, different measurement periods are tried. For 1.4MHz bandwidth, at least 10 PRS occasions per cell are needed in order to meet the accuracy requirement of normal UE with 6RB. 

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 25RB. 
Observation1: The measurement PRS subframe number is 2 times larger than the Rel-13 RSTD measurement PRS subframe number for FeMTC under CEModeA

Observation2: The measurement PRS subframe number is 4 times larger than the Rel-13 RSTD measurement PRS subframe number for FeMTC with 5MHz BW under CEModeB.
Observation3: The measurement PRS subframe number is 10 times larger than the Rel-13 RSTD measurement PRS subframe number for FeMTC with 6RB BW under CEModeB.
LS(R1-1613760) from RAN1 #87 meeting has been sent to RAN4[2] with new PRS configuration. It allows multiple PRS configurations per cell, and enalbes a large number of  PRS subframes per cell at a given time.
	Agreement:
· PRS bandwidths include {1.4, 3, 5, 10, 15, 20} MHz

· No change w.r.t. legacy LTE PRS bandwidths

· One cell can transmit multiple PRS time-frequency configurations with possibly up to [3] different PRS bandwidths

· Configuration information multiple PRS time-frequency configurations with possibly up to [3] different PRS bandwidths per cell can be signaled to the UE, each information associated with a set of configuration parameters including PRS configuration index, number of PRS subframes per occasion, muting pattern, and new optional parameters
Agreement:
· Supported legacy PRS periodicities are {160, 320, 640, 1280} subframes that are jointly signaled with starting subframe offsets in PRS configuration indices

· No change w.r.t. legacy LTE PRS indices

· Supported number of PRS subframes per PRS occasion are {1, 2, 4, 6, 10, 20, 40, 80, 160} subframes

· Reuse LTE PRS muting mechanism with a bit string of {2, 4, 8, 16} bits, with each bit applied to one legacy PRS period

· No change w.r.t. legacy LTE PRS muting pattern

· Add additional configuration parameters to support more frequent PRS transmissions and PRS frequency hopping
· To support more frequent PRS transmission in time, add the following parameters to support multiple PRS occasions in a legacy PRS period

· PRS occasion interval in a PRS period: {10, 20, 40, 80} subframes

· If this is not configured, there is only one PRS occasion in a legacy PRS period.


The positioning performance depends on RSTD measurement performance and the number of cell measured. In order to maintains the performance of positioning, it is proposed to that eNB-IOT UE shall be able to detect and measure intra-frequency RSTD for at least n= 16 cells, including the reference cell. 
Proposal1: FeMTC UE shall be able to detect and measure intra-frequency RSTD for at least n= 16 cells, including the reference cell.

Since multiple PRS configurations and occasions can be allowed for one cell, it is necessary to define a baseline for measurement period requirement. 
· Bandwidth:

One cell can transmit multiple PRS time-frequency configurations with possibly up to 3 different PRS bandwidths. If a cell is configured with multiple PRS bandwidth, FeMTC OTDOA requirements shall use Minimum PRS bandwidth, which is the minimum of serving cell channel bandwidth and the PRS bandwidths of the reference cell and the measured neighbour cell.
Proposal2: If a cell is configured with multiple PRS bandwidth, FeMTC OTDOA requirements shall use Minimum PRS bandwidth.
· PRS occasion periodicity:

Legacy OTDOA measurement period requirement is based on PRS occasion periodicity. For FeMTC, configuration information multiple PRS time-frequency configurations with possibly up to [3] different PRS bandwidths per cell can be signaled to the UE, each information associated with a set of configuration parameters including PRS configuration index, number of PRS subframes per occasion, muting pattern, and new optional parameters. If a cell is configured with multiple PRS periodicities, the FeMTC OTDOA requirements shall use maximal PRS periodicity of the cell.
Proposal3: If a cell is configured with multiple PRS periodicities, the FeMTC OTDOA requirements shall use maximal PRS periodicity of the cell as baseline PRS occasion periodicities.
· Number of PRS subframes per baseline PRS occasion:

Since FeMTC UE cannot measure several PRS from different cells simultaneously, it is proposed to reuse legacy LTE measurement period definition. FeMTC will sequentially measure PRS from different cell.

Number of PRS within a baseline PRS occasion (maximum PRS periodicities per cell) is configurable. Based on simulation results, at least 20ms/80ms NPRS subframes per cell are needed to maintain the same accuracy requirement of legacy LTE for CEModeA and CEModeB respectively. It is proposed to scale the measurement time based on PRS subframes within a baseline PRS occasion in order to make sure enough PRS available per cell. 
Proposal4: One baseline PRS occasion  (maximum PRS periodicities per cell ) should contain at least [80] PRS subframe in CEModeB in order to maintain the same accuracy requirement of legacy LTE. 
Proposal5: One baseline PRS occasion  (maximum PRS periodicities per cell ) should contain at least [20] PRS subframe in CEModeA in order to maintain the same accuracy requirement of legacy LTE. 

Proposal6: The measurement period will scale up if not enough PRS subframes within a baseline PRS occasion.
Proposal7: Reuse RSTD accuracy requirements for FeMTC 
3. Conclusion
In this paper, we provide discussion on FeMTC OTDOA.
Observation1: The measurement PRS subframe number is 2 times larger than the Rel-13 RSTD measurement PRS subframe number for FeMTC under CEModeA

Observation2: The measurement PRS subframe number is 4 times larger than the Rel-13 RSTD measurement PRS subframe number for FeMTC with 5MHz BW under CEModeB.
Observation3: The measurement PRS subframe number is 10 times larger than the Rel-13 RSTD measurement PRS subframe number for FeMTC with 6RB BW under CEModeB.
Proposal1: FeMTC UE shall be able to detect and measure intra-frequency RSTD for at least n= 16 cells, including the reference cell.

Proposal2: If a cell is configured with multiple PRS bandwidth, FeMTC OTDOA requirements shall use Minimum PRS bandwidth.
Proposal3: If a cell is configured with multiple PRS periodicities, the FeMTC OTDOA requirements shall use maximal PRS periodicity of the cell as baseline PRS occasion periodicities.
Proposal4: One baseline PRS occasion (maximum PRS periodicities per cell) should contain at least [80] PRS subframes in CEModeB in order to maintain the same accuracy requirement of legacy LTE. 

Proposal5: One baseline PRS occasion (maximum PRS periodicities per cell) should contain at least [20] PRS subframes in CEModeA in order to maintain the same accuracy requirement of legacy LTE. 

Proposal6: The measurement period will scale up if not enough PRS subframes within a baseline PRS occasion.
Proposal7: Reuse RSTD accuracy requirements for FeMTC 
Reference
[1] R4-168966 WF on FeMTC positioning
[2] R1-1613760 LS on LS on Rel-14 FeMTC OTDOA enhancements
[3] R4-1610080 Discussion and evaluation on UE RSTD measurement for FeMTC








































































































































































































































































































































 1/4

