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1 Introduction
In RAN4#82, the following was agreed [1] for OTDOA with FeMTC:

RAN4 needs to check whether requirements should be defined for single PRS configuration and/or multiple PRS configuration,

Requirements should be defined for PRS BW: 6, 24 and 96 RBs

Gaps are needed for OTDOA RSTD measurements on intra-frequency carrier

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

In this contribution, we further discuss requirements for RSTD with FeMTC.
2 Discussion
2.1 PRS bandwidth

According to [2]:

Agreement:
· PRS bandwidths include {1.4, 3, 5, 10, 15, 20} MHz

So, RAN4 needs to define requirements for RSTD for all the supported PRS bandwidths: 1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 15 MHz, and 20 MHz, i.e., not only for 6, 24, and 96 RBs.

· Proposal 1: RAN4 needs to define requirements for RSTD for all the supported PRS bandwidths: 1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 15 MHz, and 20 MHz, with the exception when the UE is configured with PRS frequency hopping which is only supported for the 6 RB bandwidth PRS [3].
2.2 Single vs. multiple PRS configurations
In Rel-14, in order to improve RSTD accuracy, RAN1 introduced [2] a possibility to send multiple PRS configurations (up to three) to UE in OTDOA assistance data for the reference and neighbor cells. The multiple PRS configurations are meant to have at least different bandwidth configurations but may also have other parameters that are different, e.g., periodicity or the number of PRS subframes per positioning occasion. Note also that a UE will indicate the maximal PRS bandwidth for RSTD measurement.
Defining requirements for RSTD measurements based on the most pessimistic PRS configuration is not an option since this leads to degraded OTDOA performance (whenever the network provides two or more PRS configurations, the UE would peak the worst one), which was not the intention in RAN1.
In general, with multiple PRS configurations, the UE gets a possibility to measure over more PRS subframes, compared to when a single PRS configuration is provided. Hence it is reasonable to assume that the UE performance shall at least not be worse than the performance corresponding to any of the multiple PRS configurations.
· Proposal 2: When configured with multiple PRS configurations, the UE shall at least meet the best RSTD measurement accuracy requirement among those associated with each of the multiple PRS configurations. The PRS configuration which determines the RSTD measurement accuracy requirements shall also determine the RSTD measurement period requirement.
2.3 Measurement gaps for intra-frequency RSTD measurements
The impact of using measurement gaps for intra-frequency RSTD has not been yet discussed in RAN4.
When measurement gaps are to be used for intra-frequency RSTD measurements, the same measurement gaps are to be used for intra-frequency RSTD measurements, intra-frequency RRM measurements (e.g., RLM, cell identification, RSRP/RSRQ measurements, etc.), and any inter-frequency measurements. So, in addition to that the measurement gaps are shared between intra- and inter-frequency based on a network-decided percentage, there may be a need to further share in a controlled way the gaps between different intra-frequency measurements. An alternative way could be to give a priority to one or some types of the intra-frequency measurements and deprioritize the other ones, e.g., to always prioritize RLM, cell identification, and mobility-related measurements over positioning measurements, which in the worst case may result in that no positioning measurements can be performed. However, the use cases for positioning measurements may also be different, e.g., they can be configured for commercial applications or for emergency, and while the deprioritization may be Ok for the former it may be not acceptable for the latter. On the other hand, always having positioning measurements prioritized over the other intra-frequency may also be not acceptable from the performance point of view, since RLM and mobility procedures may suffer as a result.
· Proposal 3: Intra-frequency positioning measurements and other intra-frequency measurements are sharing measurement gaps based on a percentage value, which may be pre-defined (e.g., fair share) or signaled.
· Observation 1: When the gaps are shared by intra-frequency measurements and RSTD measurements, several options exist:

· Both RRM requirements and RSTD requirements are relaxed

· Only RRM requirements are relaxed

· Only RSTD requirements are relaxed

· Observation 2: No measurement gaps are needed for intra-frequency RSTD measurements when PRS are available over the whole system bandwidth and can be performed without retuning the UE measurement bandwidth even when the UE is receiving data in a non-central part of the system bandwidth.
· Observation 3: Full 6 subframes are no longer available for the intra-frequency RSTD performed in a measurement gap.
If RRM measurement requirements need to be relaxed, then the new cell identification and measurement delay requirements might be, e.g., as follows:

	Gap pattern ID
	Cell identification delay (Tidentify_intra_UE cat M2_EC)
	Measurement delay (Tmeasure_intra_UE cat M2_EC)

	0
	320.8 * Kintra_M2  * KRSTD_M2 s
	800 * Kintra_M2  * KRSTD_M2 ms

	1
	321.6 * Kintra_M2  * KRSTD_M2 s
	1600 * Kintra_M2  * KRSTD_M2 ms


Kintra_M2 = 1 / X * 100%, where X may be signalled via RRC, is the parameter controlling how much of measurement gaps is used for all intra-frequency measurements. For inter-frequency measurements, it is then remaining Kinter_M2 = Nfreq * 100% / (100-X) of the configured measurement gaps.

KRSTD_M2 (1/ KRSTD_M2<=1.0) is a parameter controlling how much of the gaps used for all intra-frequency measurements/operations are used specifically for cell identification and RRM measurements.

If RSTD measurement requirements need to be relaxed, then the new intra-frequency RSTD measurement requirements might be, e.g.:
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where M´=M* KIntra_M2*(1-KRSTD_M2), where M is the legacy M. If only RSTD requirements would be relaxed, then M´=M* KIntra_M2*KRSTD_M2.
2.4 More frequent PRS occasions
More frequent PRS occasions were agreed by RAN1 [2]:
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.
In 36.355, the above has been realized by means of the signaled parameter prsOccGroupLen, which if signaled indicates the total number of PRS occasions (2, 4, 8, 16, 32, 64 or 128) within the legacy PRS period, and otherwise only the legacy PRS occasions are configured.
· Proposal 4: When prsOccGroupLen is configured, the RSTD measurement period should depend on the PRS occasion group length, e.g.:
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2.5 PRS frequency hopping

According to [2], RAN1 has agreed on the following:
Agreement:
· If activated, PRS frequency hopping is configured with the following parameters (similar to Rel-13 eMTC FH):

· Number of bands for frequency hopping X: {2, 4}

· The first band is in the center

· The positions of the remaining X-1 bands:
· The starting position of each of X-1 bands is indicated separately: narrowband {0,1,…,max-1}
Note also that not all UEs will support frequency hopping for RSTD measurements.
The PRS hopping pattern always contains centrally located PRS (the first hopping band), so all UEs can use at least these PRS subframes while UEs supporting PRS hopping benefit from the additional hopping-based non-central PRS.

· Proposal 5: For UEs supporting PRS hopping, the measurement period accounts for the central and hopping-based PRS. For UE not supporting PRS hopping, the measurement period is based only on the PRS configured in the center.
2.6 RSTD measurement accuracy requirements
Based on the earlier presented resented results and the ad hoc agreements as well discussions in the last meetings, the following is proposed for the RSTD measurement accuracy:
· Proposal 6: The number of the minimum necessary subframes in the accuracy requirements is scaled with respect to the legacy values, depending on the bandwidth and coverage level (see also the example in the Table below):
· CE Mode A: ×2 for BW≤3 MHz, ×1 for BW≥5 MHz 
·  CE Mode B: ×4 for BW≤3 MHz, ×2 for BW≥5 MHz
· Observation 4: RSTD measurement accuracy requirements can only be based on 6 RBs for UEs supporting PRS hopping and configured with prsHoppingInfo in the OTDOA assistance data [3].

Table X: RSTD measurement accuracy

	Accuracy
	Conditions

	
	PRS Ês/Iot
	Minimum PRS
Bandwidth Note 10, which is minimum of serving cell channel bandwidth and the PRS bandwidths of the reference cell and the measured neighbour cell i Note 5
	Minimum number of available measurement subframes S Note 11 among the reference cell and the measured neighbour cell i
	Io Note 7 range

	
	
	
	
	E-UTRA operating band groups Note 8
	Minimum
Io Note 1
	Maximum
Io

	Ts Note 2
	dB
	RB
	
	
	dBm/15kHz Note 6
	dBm/BWChannel

	(15
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	≥ 6
	≥ k*6
	FDD_A, TDD_A
	-121
	-50

	
	
	
	
	FDD_B
	-120.5
	-50

	
	
	
	
	FDD_C, TDD_C
	-120
	-50

	
	
	
	
	FDD_D
	-119.5
	-50

	
	
	
	
	FDD_E, TDD_E
	-119
	-50

	
	
	
	
	FDD_F
	-118.5
	-50

	
	
	
	
	FDD_G
	-118
	-50

	
	
	
	
	FDD_H
	-117.5
	-50

	
	
	
	
	FDD_N
	-114.5
	-50

	(10
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	( 12
	≥ k*6
	Note 4
	Note 4
	Note 4

	(6
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	( 24
	≥ k*2
	Note 4
	Note 4
	Note 4

	(5
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	( 48
	≥ k*1
	Note 4
	Note 4
	Note 4

	(4
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	( 72
	≥ k*1
	Note 4
	Note 4
	Note 4

	NOTE 1:
This minimum Io condition is expressed as the average Io per RE over all REs in an OFDM symbol.

NOTE 2:
Ts is the basic timing unit defined in TS 36.211 [16].

NOTE 3:
PRS bandwidth is as indicated in prs-Bandwidth in the OTDOA assistance data defined in [24].

NOTE 4:
The same bands and the same Io conditions for each band apply for this requirement as for the corresponding requirement with the PRS bandwidth ≥ 6 RB.

NOTE 5:
The serving cell, the reference cell, and the measured neighbour cell i are on the same carrier frequency.

NOTE 6:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.

NOTE 7:
The Io is defined in PRS positioning subframes. The same Io range applies to PRS and non-PRS symbols. Io levels are different in PRS and non-PRS symbols within the same subframe.

NOTE 8:
E-UTRA operating band groups are as defined in Section 3.5.
NOTE 9: For the minimum PRS bandwidth ≥25 RBs k=1 for CE Mode A and k=2 for CE Mode B; for the minimum PRS bandwidth <25 RBs k=2 for CE Mode A and k=4 for CE Mode B.
NOTE 10: The minimum PRS bandwidth is 6 RBs when prsHoppingInfo is indicated for the reference and/or measured neighbour cell for UE supporting PRS hopping.
NOTE 11: In the same or different positioning occasions
NOTE 12: When configured with multiple PRS configurations, the UE shall at least meet the best RSTD measurement accuracy requirement among those associated with each of the multiple PRS configurations in the reference and/or measured neighbour cell.


2.7 RSTD measurement period requirements

· Proposal 7: The RSTD measurement period needs to be increased when more positioning occasions are needed, e.g., M needs to be scaled with the minimum number of available subframes (to be defined for FeMTC in Section 9, see also the accuracy requirements example above) divided by the smallest Nprs of the reference and measured cell, e.g.,
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2.8 New PRS configurations

In addition to the discussion above, new PRS configurations were introduced for FeMTC (new positioning occasions lengths and groups of positioning occasions within the legacy Tprs). Similar issues are discussed in [4] for indoor positioning and need to be also addressed for FeMTC.
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