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Solutions were specified for NB-IoT in RAN1#88 [1], [2] and RAN1#90 [3] for the purpose of alleviating the coherent combining of interference during repetitions, by introducing downlink interference randomization, where the key is to introduce radio frame number and non-linear operations in the scrambling sequence initialization. As a result, inter-cell interference can be reduced when the UE performs combination among repetitions across radio frames. The above are applied for all the narrowband downlink physical layer channels since Rel-14.
In Rel-14, as the first release, the OTDOA feature with a newly-defined narrowband positioning reference signal (NPRS) was introduced for NB-IoT. In this contribution, we discuss similar thinking on NPRS for downlink OTDOA.
[bookmark: _Ref129681832]NPRS sequence cross-correlation impact on RSTD estimation
Different cells’ NPRS are defined in a non-overlapped mapping to REs in a positioning subframe by different  [4], illustrated as below.
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Figure 1 NPRS RE mapping
Two parameters, expectedRSTD-r14 and expectedRSTD-Uncertainty-r14, are configured by the network to help the UE blind search the timing of neighbor cell NPRS to calculate and report the RSTD [5]. As shown in the following figure, UE performs blind search within a window: 
[-expectedRSTD-Uncertainty, expectedRSTD-Uncertainty], centered on expectedRSTD.
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Figure 2 NPRS blind detecting in a search window
Given the value set in [5], it is observed the maximum value of expectedRSTD-Uncertainty-r14 is 1023 with the unit of 3*Ts, implying a maximum search window of [-0.1, 0.1] ms. Note that 0.1 ms exceeds one downlink OFDM symbol duration which means there will be possibly more cross-correlation peaks of unexpected neighbor cells than 1 auto-correlation peak of the target neighbor cell occurring during the blind search within the window. 
Observation 1: The search window length for the UE to blind detect neighbor cell NPRS timing may be larger than one OFDM symbol’s duration.
OTDOA is a multilateral operation which involves detecting signals from multiple cells/sites around a target UE, thus there can be near-far effects among different NPRS signals arriving at the UE. For example in the figure below, assuming the arrival signal of yellow NPRS REs ( = 2) is Y dBm and 
G dBm for the green NPRS REs ( = 3), the difference of Y and G could be large due to possible eNB transmit power PSD, propagation distance, large scale and small scale fading, etc. In this sense, considering the UE’s search window may be configured larger than one OFDM symbol’s duration, UE then possibly reports the RSTD of the wrong cell due to the near-far effect, i.e. the target cell’s auto-correlation peak is weaker than an unexpected cell’s cross-correlation peak. 
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Figure 3 Near-far effect due to possible big difference between Y and G 
Observation 2: UE may report a wrong RSTD by detecting an unexpected cell within the configured search window due to the near-far effect, even though different cell’s NPRS REs are non-overlapped. 
The search window length larger than one OFDM symbol’s duration would be configured for the case there exist far away OTDOA cells which need to be detected with higher propagation uncertainty because, e.g., the ISD is large, or a large number of cells around the UE are configured for OTDOA. Since NB-IoT supports a maximum of 72 cells for OTDOA [5], it can be expected that such scenarios are realistic and complex. 
For example, taking the above figure, cell A close to UE transmits in yellow NPRS REs ( = 2), cell B close to UE transmits in green NPRS REs ( = 3), cell G far away from UE transmits in yellow NPRS REs ( = 2), then there are two different type of interference:
Type 1: cell G’s NPRS signal ( = 2), due to propagation delay, arrives colliding with cell B’s signal in green NPRS REs ( = 3)
Type 2: UE blind searches cell G’s delayed NPRS signal ( = 2) with a configured large search window but wrongly selects the stronger cross correlation peak of cell A ( = 2) 
Although the network can have some flexibility of  implementation to help with the near-far effect (e.g. muting) to reduce the interference by enlarging the frequency reuse in a TDM way, this forces longer positioning latency and higher UE power consumption as the costs. Also, even within the muting scheme, some UEs will still suffer in some cases, especially considering the NPRS configuration is cell-specific but the UE may be located in any part of the geographic area e.g. the edge of two positioning cells, or very close to one OTDOA cell but far away from others, etc.
Observation 3: Existing specification support for network implementations to reduce the interference between OTDOA cells (e.g. muting), require longer positioning latency and higher UE power consumption as the costs. 
Figure 4 and Figure 5 show the RSTD measurement error in the EPA1 channel under normal coverage and enhanced coverage respectively, according to the RAN4 definitions. The SNR for normal coverage is set to (-6, -13, 13) dB for three cells, and (-15, -15, -15) dB for enhanced coverage. 320 NRPS subframes are used according to the accuracy requirement in both normal and enhanced coverage. The other simulation parameters are provided in the annex for information, duplicated from the approved RAN4 simulation assumptions captured in [7].
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[bookmark: _Ref510728004]Figure 4 RSTD error under normal coverage
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[bookmark: _Ref510728005]Figure 5 RSTD error under enhanced coverage
It is seen that UE can achieve up to 8~10 Ts in the non-colliding scenario compared with the colliding scenario. Note that the above simulation results in the colliding case already exceed the current RSTD accuray requirements, which are [20]Ts and [28]Ts for intra- and inter-frequency respectively under normal coverage, and [32]Ts and [40]Ts for intra- and inter-frequency respectively under enhanced coverage, as defined in TS36.133 section 9.1.22.10 – 9.1.22.13. On the other hand, the RSTD performance is significantly improved for colliding case by using the proposed new NPRS sequence in the following section.
Observation 4: In an EPA1 channel, RSTD accuracy can already exceed RAN4 accuracy requirements for intra- and inter-freqeuncy in both normal and enhanced coverage.
NPRS sequence enhancement
The NPRS sequence generation uses the Rel-14 LTE PRS enhancement [4] which does not contain radio frame number in the sequence initialization equation. This means the generated NPRS signal on the same subframe number in different radio frames in the positioning occasion are exactly the same. An example of the situation is shown as follows (assuming SF#0, SF#1, SF#2 are positioning subframes)


[image: ]
Figure 6 Existing NPRS does not change cross radio frames
Bearing in mind the solutions introduced for all other downlink physical layer channels for the purpose of interference randomization in previous meetings, adding the radio frame number into NPRS sequence generation is a fundamental way to further reduce inter-cell interference during the combination of the repetitions across radio frames. This can have additional gain to suppress the auto-correlation peak of unexpected cell signals on top of existing network implementation methods to handle the near-far effect.
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Figure 7 Example of NPRS change cross radio frames
Assuming the NPRS signal is different across radio frames as illustrated above, we evaluated the gain could be from 2 dB to 18 dB depending on non-coherent or coherent combination over 16 radio frames. The simulation results are summarized as follows, where power imbalance tolerance is the amount by which an unwanted cell can be stronger than the wanted cell before the cross-correlation and auto-correlation functions have the same primary peak. See Figures 6 and 7.

Table 1 Summary of the auto-correlation compared to cross-correlation
	Candidates
	Power imbalance tolerance of two cells

	Same NPRS across radio frames
	12.24 dB

	Different NPRS across radio frames
 (16x non-coherent combination)
	14.18 dB

	Different NPRS across radio frames
 (16x coherent combination)
	30.75 dB
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Figure 8 Auto-correlation and cross-correlation of existing NPRS 
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Figure 9 Auto-correlation and cross-correlation of changing NPRS
Observation 5: If NPRS is changed to add SFN in the sequence initialization, the UE will tolerate more power imbalance between NPRS of different OTDOA cells when combining across radio frames. This reduces the possibility of wrong RSTD detection and is beneficial for OTDOA latency and UE power consumption on top of existing network implementation methods to handle near-far effects.
Possible solutions
As per the analysis in the above, if NPRS sequence generation can be changed across radio frames the UE will get more gain for OTDOA to suppress the inter-cell interference on top of any network implementation. Currently NPRS uses the same sequence generation as PRS to handle the possible collision between NPRS and PRS for in-band operation mode.
[image: ] 
Figure 10 Existing collision handling by same design of PRS and NPRS 
There are three candidate options for the change:
Option 1: Change both LTE R14 PRS and NPRS sequence generation together in a way that is backwards compatible to Rel-13 LTE PRS. This option would still maintain the idea of same design of PRS and NPRS sequence but will impact the LTE specification beyond NB-IoT.
Option 2: Only change NPRS sequence generation, and consider the collision handling of PRS and NPRS for in-band operation mode. Existing specifications [5] already supports NB-IoT UE being provided with the LTE PRS configurations. So if the network configures overlapping resources between PRS and NPRS, it can inform UE the situation by existing signaling schemes. Assuming legacy LTE cannot be impacted, eNB can always transmit PRS when collisions happen (PRS is same as legacy NPRS in this case). This is illustrated as follows. 
[image: ] 
Figure 11 Collision handling if NPRS is changed different to PRS for option 2
This is backwards compatible to LTE PRS for in-band operation. The only backward compatibility issue for NPRS is from implementation of early versions fo NB-IoT R14 specifications for OTDOA. So this option assumes there is no implementation of NB-IoT R14 early versions for OTDOA settled in deployment.
Observation 6: If there are not early deployments of NB-IoT OTDOA, the new NPRS sequence generation can be used in all subframes except where it overlaps with LTE PRS, when the legacy NPRS sequence is used.
Option 3 [6]: We consider the following two options for making new NPRS backwards compatible with legacy NPRS.
· 1: Configure legacy NPRS as part of new NPRS with longer length
· 2: Configure legacy NPRS and new NPRS in TDM manner
[image: ]
Figure 12 Backward compatibility handling for option 3
This has no backward compatibility issues between different Rel-14 versions of NPRS but requires the network to signal additional new configurations for modified NPRS in addition to  legacy NPRS configurations. More resource is also consumed to ensure the measurement performance of both legacy NPRS and modified NPRS. eNB consumes double resources to transmit two types of NPRS. It could be illustrated as above. UE needs to report capability of supporting changed NPRS to E-SMLC. 
Observation 7: If a Rel-14 backwards compatible option has to be adopted, then mixed transmission of legacy and new Rel-14 NPRS can be used. However, this requires additional resource configurations and capability signaling.
Considering Rel-14 is the first release to introduce OTDOA for NB-IoT and it is likely there has been no early implementation of NPRS for real deployment, it would be better if we can choose option 2 to only change the NPRS sequence generation without introducing additional NPRS configurations and thus no other impact outside RAN1.
If radio frame number is introduced into the sequence initialization equation, the UE also needs to be signaled the radio frame number to perform the sequence generation. Fortunately, there is already a parameter nprs-SFN-Offset-r14 in NB-IoT with the range {0,…,63} signaling the SFN offset (modulo 64) at the transmitter between the target neighbor cell and the NB-IoT assistance data reference cell [5]. This has no impact outside RAN1 specifications.
Proposal 1: Change the Rel-14 NPRS sequence initialization to:


Proposal 2: If necessary, additional Rel-14 NPRS configurations for the changed NPRS could be considered for backward compatibilty with legacy Rel-14 NPRS. 
Conclusions
In this contribution, we discuss the potential gain and feasibility of changing NPRS sequence generation by introducing radio frame number into the initialization equation. The proposals and observations and are as follows:
Proposal 1: Change the Rel-14 NPRS sequence initialization to:


Proposal 2: If necessary, additional Rel-14 NPRS configurations for the changed NPRS could be considered for backward compatibilty with legacy Rel-14 NPRS. 

Observation 1: The search window length for the UE to blind detect neighbor cell NPRS timing may be larger than one OFDM symbol’s duration.
Observation 2: UE may report a wrong RSTD by detecting an unexpected cell within the configured search window due to the near-far effect, even though different cell’s NPRS REs are non-overlapped. 
Observation 3: Existing specification support for network implementations to reduce the interference between OTDOA cells (e.g. muting), require longer positioning latency and higher UE power consumption as the costs. 
Observation 4: In an EPA1 channel, RSTD accuracy can already exceed RAN4 accuracy requirements for intra- and inter-freqeuncy in both normal and enhanced coverage.
Observation 5: If NPRS is changed to add SFN in the sequence initialization, the UE will tolerate more power imbalance between NPRS of different OTDOA cells when combining across radio frames. This reduces the possibility of wrong RSTD detection and is beneficial for OTDOA latency and UE power consumption on top of existing network implementation methods to handle near-far effects.
Observation 6: If there are not early deployments of NB-IoT OTDOA, the new NPRS sequence generation can be used in all subframes except where it overlaps with LTE PRS, when the legacy NPRS sequence is used.
Observation 7: If a Rel-14 backwards compatible option has to be adopted, then mixed transmission of legacy and new Rel-14 NPRS can be used. However, this requires additional resource configurations and capability signaling.
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Annex
Simulation assumptions for RSTD measurement using PRS/CRS
	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, 2, 4) for non-colliding case, 
(0, 132, 6) for colliding case (baseline)

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

	DRX
	OFF

	Carrier frequency 
	2 GHz

	Measurement bandwidth
	1RB

	Channel model
	Baseline: AWGN, ETU1, EPA1
Optional: ETU30,EPA5

	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

	NPDSCH transmission
	No NPDSCH transmission in PRS transmission occasions

	Number of consecutive positioning subframes
	6
Other options are not precluded

	Number of positioning occasions for a positioning fix
	1
Other options are not precluded

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

	LTE PRS and CRS transmission bandwidth
	10MHz (In-band)

	Frequency error modelling
	+/- 50Hz
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