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1. Introduction
RSTD requirements for FeMTC UEs have been discussed for quite a few meetings in RAN4. In RAN4 82 agreements regarding Es/Iot side conditions were achieved [1]. However, most of the core requirements are still open. In this contribution, we provide our views on RSTD requirements for FeMTC UEs. We focus on minimum NPRS within a PRS occasion, measurement period required to achieve minimum desired accuracy requirements. In addition, we also provide our views on how requirements can be specified for UEs that support multiple PRS configurations.
2. Discussion

2.1.  UE requirements with single PRS configuration 

2.1.1.  Minimum NPRS 
In RAN4 82, the following was agreed regarding total number of PRS subframes within measurement period [1]:
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For CE mode B, the total number of PRS subframes within measurement period is still TBD. From performance point of view, there are three factors that need to be considered while deciding what minimum NPRS should be specified while deciding minimum requirements. The three factors are 
a) High cell detection probability 
b) Low false alarm probability 

c) Accuracy of RSTD measurement.
So far in RAN4 discussions, (c), i.e., accuracy of RSTD measurement has been driving the minimum NPRS number. However, for positioning (a) and (b) are also very important. To elaborate a bit, (a) and (b) together imply that a UE should reliably detect an available cell as well as not detect cells that do not exist. Note that, even if network provides PRS assistance data for Cell-X, it is possible that the eNodeB of Cell-X is so far from the UE that the eNodeB of Cell-X is invisible to the UE. In such a case, the UE should not detect Cell-X. If there is a false positive and UE detects Cell-X and reports RSTD for Cell-X, then the overall positioning accuracy will be significantly corrupted. Thus, a minimum NPRS is required to have high detection probability while maintaining low false alarm probability. In positioning applications, false alarm probability of 0.001 is usually desirable. 

In Figure 1, we show the simulation results of CDF of the measured strength of the two non-colliding cells and a dummy cell with the parameters specified in Table 1. The side conditions in Table 1 correspond to agreed values for CEmodeB
Table 1: Parameters for simulating the cell detection vs. false alarm probability 
	Parameters
	Value

	PRS Es/Iot of reference cell 
	-15dB

	PRS Es/Iot of neighbour cell
	-15dB

	PRS BW
	6RBs

	Propagation channel
	AWGN

	Frequency hopping 
	Disabled
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	Figure 1: CDF of the measured strength of two non-colliding cells (with PRS Es/Iot = -15dB) and a dummy cell for different NPRS. Note values are relative (in dB scale)


To achieve good cell detection probability (99%) while maintaining low false alarm rate (0.1%), the CDF of measured strength of genuine cells must be well separated from the dummy cell. Table 2 lists the separation (in dB) between 1 percentile measured strength of the genuine cells and 99.9 percentile measured strength of the dummy cell for different values of NPRS.
Table 2: Difference in 1 percentile measured strength of the genuine cells and 99.9 percentile measured strength of the dummy cell for different values of NPRS in AWGN channel with PRS BW = 6RB
	NPRS 
	Difference in dB

	20
	0.2dB

	24
	0.45dB

	30
	0.9dB

	36
	1.4dB


Note that even with NPRS = 30, only 0.9dB separation between CDFs is achievable. The results shown in Table 2 are for AWGN channel. For fading channels, the CDF of genuine cells will further spread. From the results in Table 2, it is evident that NPRS = 20 does not provide sufficient separation between genuine cells and dummy cells, while NPRS = 36 has somewhat reasonable separation. The next higher supported value of NPRS = 40. Hence for 6RB PRS BW, we propose to specify minimum requirements with at least NPRS = 40. 
Proposal 1: For CE mode B side conditions, the NPRS = 40 is used to specify minimum requirements for PRS BW = 6RB.
Note that, from accuracy point of view too, results shown in [2] indicate that quadrupling the number of PRS subframes compared to legacy NPRS can achieve desired accuracy for 6RBs. Thus, NPRS = 40 should be sufficient to achieve reasonable accuracy.
For all other PRB BWs, the total number of available PRS RBs within a PRS occassion (PRS BW (in RB) x NPRS) should be at least of the same order as that available for PRS BW = 6RB, so that similar detection and false alarm probability can be maintained. Hence, we propose the following:

Proposal 2: For CE mode B side conditions, the minimum requirements are specified with the following NPRS within an occasion 

	PRS BW
	Minimum NPRS within an occasion

	15RB
	≥ 20

	25RB
	≥ 10

	50RB
	≥ 6

	75RB
	≥ 4

	100RB
	≥ 4


For CE mode A, it is already agreed to double the number of PRS subframes available within a PRS measurement period. We propose that doubling is achieved by doubling the minimum NPRS within a PRS occasion. Again, for 6RB doubling NPRS implies that NPRS = 12 which is not supported. Hence, we propose NPRS = 20 for 6RB BW. For all other PRS BWs, we propose to specify minimum requirements with at least the same order of PRS RBs as 6RB BW. Thus, for CE mode A, we propose the following
Proposal 3: For CE mode A side conditions, the minimum requirements are specified with the following NPRS within an occasion 
	PRS BW
	Minimum NPRS within an occasion

	6RB
	≥ 20

	15RB
	≥ 10

	25RB
	≥ 4

	50RB
	≥ 2

	75RB
	≥ 2

	100RB
	≥ 2


Note that, if Proposal 2 is accepted and if the measurement period is not scaled, then the number of PRS subframes for 15RBs is slightly lower than 2 times legacy PRS subframes within the measurement period which may degrade measurement accuracy. An alternate proposal is to use NPRS = 20 for 15RB so that better accuracy can be achieved. 
2.1.2.  Measurement Period
In our Proposals 1 and 2, we have already scaled the number of PRS subframes within a PRS occasion to increase the PRS subframes available within the PRS measurement period. Hence, we do not propose further scaling the number of PRS occasions and measurement period. 
Proposal 4: Maintain the same measurement period as legacy requirements specified in Table 8.1.2.5.1-1, Table 8.1.2.5.1-2 (for intra-frequency requirements); and Table 8.1.2.6.1-1 and Table 8.1.2.6.1-2 (for inter-frequency requirements). As an example, the intra-frequency requirements can be captured as follows
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It is also important to note that different scaling of the measurement periods for UEs supporting CE mode A and CE mode B is not straightforward because the LPP server is not necessarily aware whether the UE is configured in CE mode A or CE mode B.
2.1.3.  Accuracy requirements 

Based on the simulation results in [2], we propose to maintain the same accuracy requirements as legacy UEs for PRS BWs 6RBs and 25RBs.

Proposal 5: Maintain the same accuracy requirements as legacy for 6RB and 25RB PRS BWs. 
2.2. Multiple PRS configurations
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RAN1 has the following agreement regarding multiple PRS configuration [3]
Figure 4 shows one possible way a cell can simultaneously transmit PRS on 3 different BW. In addition to cell transmitting PRS on multiple PRS BW, RAN2 agreed on define UE capability [4] that will allow UE to indicate whether it can simultaneously support more than one PRS configuration
-- ASN1START

OTDOA-ProvideCapabilities ::= SEQUENCE {


otdoa-Mode

BIT STRING { 
ue-assisted (0) } (SIZE (1..8)),


...,


supportedBandListEUTRA 

SEQUENCE (SIZE (1..maxBands)) OF SupportedBandEUTRA

OPTIONAL,


supportedBandListEUTRA-v9a0
SEQUENCE (SIZE (1..maxBands)) OF SupportedBandEUTRA-v9a0






















OPTIONAL,


interFreqRSTDmeasurement-r10

ENUMERATED { supported }





OPTIONAL,


additionalNeighbourCellInfoList-r10
ENUMERATED { supported }





OPTIONAL,


prs-id-r14






ENUMERATED { supported }





OPTIONAL,


tp-separation-via-muting-r14

ENUMERATED { supported }





OPTIONAL,


additional-prs-config-r14


ENUMERATED { supported }





OPTIONAL,


prs-based-tbs-r14




ENUMERATED { supported }





OPTIONAL,


additionalPathsReport-r14


ENUMERATED { supported }





OPTIONAL,


densePrsConfig-r14




ENUMERATED { supported }





OPTIONAL,

maxSupportedPrsBandwidth-r14 

ENUMERATED { n6, n15, n25, n50, n75, n100, ...}
OPTIONAL,


prsOccGroup-r14





ENUMERATED { supported }





OPTIONAL,

prsFrequencyHopping-r14 


ENUMERATED { supported }





OPTIONAL,

maxSupportedPrsConfigs-r14


ENUMERATED { c2, c3 }






OPTIONAL
}

Thus, a natural question is: “In addition to specifying requirements with single PRS configuration, does RAN4 need to specify requirements for UE supporting multiple PRS configurations when more than one PRS configuration is configured by the cell and assistance data corresponding to it is provided to the UE?” To answer this question, first we must first understand why a cell would like to transmit multiple PRS BW simultaneously. The answer is obvious – unlike legacy UE, FeMTC UE’s can be bandwidth limited and different UEs can support different BWs. We already know that as the PRS Bandwidth reduces, the number of PRS subframes required to ensure minimum performance increases. Also, as the PRS BW reduces, the RSTD accuracy worsens. If the cell can transmit only one PRS BW, then 

· Overhead of PRS is very high, if transmitted PRS BW is large and NPRS is large

· UEs supporting smaller PRS BW will not meet minimum requirements if transmitted PRS BW is large, but NPRS is small

· UEs supporting larger PRS BW will not meet the best accuracy they can achieve if transmitted PRS BW is small, and NPRS is large

· None of the UEs will meet minimum requirements if transmitted PRS BW as well as NPRS is small

Thus, to support UEs with different maximum PRS BW support as well as to achieve a balanced trade-off between PRS overhead and RSTD accuracy, each cell is allowed to transmit multiple PRS BWs simultaneously.  
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Figure 4: Cell transmitting PRS on 3 different BW is simultaneously 
Now, even though RAN2 allows the UE to declare capability of supporting multiple PRS configurations simultaneously, from performance perspective, using multiple PRS configuration does not appear to be beneficial. The argument is as follows: Since support of multiple PRS configuration from UE side is an optional feature, there will be some UEs in the network that will support only one PRS configuration at a time. Now, suppose there are UEs in the network that support maximum PRS BW of 25RB and single PRS configuration. To enable those UEs to meet minimum requirements (detect cells maintaining low false alarm rate and achieve desired accuracy), the network will likely transmit a certain minimum number of PRS subframes over PRS BW = 25RB within the PRS measurement period. Any other UE which supports maximum PRS BW of 25RB and more than one PRS configuration can also meet the minimum requirements because there are enough PRS subframes available. Any additional PRS subframes with PRS BW smaller than 25RB will provide only marginal improvement or no improvement in accuracy, because accuracy of the measurement worsens as the BW reduces. Also, if UE is required to use PRS with smaller bandwidth for RSTD measurement, UE will lose the opportunity for unicast transmission on those subframes. Based on the above argument, we have the following proposal 
Proposal 6: All RAN4 requirements are developed assuming the UE is provided PRS assistance data of only one PRS configuration.  
3. Conclusion
In this contribution, we have the following proposals
Proposal 1: For CE mode B side conditions, the NPRS = 40 is used to specify minimum requirements for PRS BW = 6RB.

Proposal 2: For CE mode B side conditions, the minimum requirements are specified with the following NPRS within an occasion 

	PRS BW
	Minimum NPRS within an occasion

	15RB
	≥ 20

	25RB
	≥ 10

	50RB
	≥ 6

	75RB
	≥ 4

	100RB
	≥ 4


Proposal 4: Maintain the same measurement period as legacy requirements specified in Table 8.1.2.5.1-1, Table 8.1.2.5.1-2 (for intra-frequency requirements); and Table 8.1.2.6.1-1 and Table 8.1.2.6.1-2 (for inter-frequency requirements).

Proposal 5: Maintain the same accuracy requirements as legacy for 6RB and 25RB PRS BWs. 
Proposal 6: All RAN4 requirements are developed assuming the UE is provided PRS assistance data of only one PRS configuration.  
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RSTD in CE Mode A:


PRS Es/Iot = - 6 dB (reference cell) and -13 (neighbor cell)


Total PRS subframes per cell in measurement period = 2x PRS subframes used in legacy requirement. ”


RSTD in CE Mode B:


PRS Es/Iot = - 15 dB (reference cell) and -15 (neighbor cell)


Total PRS subframes per cell in measurement period is TBD





When the physical layer cell identities of neighbour cells together with the OTDOA assistance data are provided, the UE shall be able to detect and measure intra-frequency RSTD, specified in TS 36.214 [4], for at least n=16 cells, including the reference cell, on the same carrier frequency f1 as that of the reference cell within � EMBED Equation.3  ��� ms as given below (see also Figure 8.1.2.5.1-1):


� EMBED Equation.3  ���       ,


where


� EMBED Equation.3  ��� is the total time for detecting and measuring at least n cells,


� EMBED Equation.3  ��� is the cell-specific positioning subframe configuration period as defined in TS 36.211 [16],


� EMBED Equation.3  ��� is the number of PRS positioning occasions as defined in Table X, where each PRS positioning occasion comprises of � EMBED Equation.3  ��� consecutive downlink positioning subframes defined in TS 36.211 [16], and


� EMBED Equation.3  ��� = � EMBED Equation.3  ��� ms is the measurement time for a single PRS positioning occasion which includes the sampling time and the processing time.


Table X: Number of PRS positioning occasions within � EMBED Equation.3  ���


Positioning subframe configuration period � EMBED Equation.3  ����
Number of PRS positioning occasions � EMBED Equation.3  ����
�
�
 f1 Note1�
f1 and f2 Note2�
�
160 ms�
16�
32�
�
>160 ms�
8�
16�
�
Note 1: When only intra-frequency RSTD measurements are performed over cells belonging to the serving FDD carrier frequency f1.


Note 2: When intra-frequency RSTD and inter-frequency RSTD measurements are performed over cells belonging to the serving FDD carrier frequency f1 and one inter-frequency carrier frequency f2, respectively. �
�









RAN1#87 and RAN1#88 agreement on configuration of multiple PRS configurations 


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
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