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1. Introduction

In last RAN4 #86 meeting, companies provided simulation result for RSTD accuracy discussing the performance under colliding scenario. However, no agreement has been made. 

In this contribution, we provide some simulation results comparing the RSTD accuracy performance under colliding and non-colliding NPRS scenarios. After discussion some proposals are also provided.
2. Discussion
In what follows Figure 1 and show the RSTD measurement error under normal coverage and enhanced coverage respectively. The SNR for normal coverage is set to (-6, -13, 13) dB for the three cells, and (-15, -15, -15) dB for enhanced coverage. 320 NRPS subframes is used according to the accuracy requirement in both normal and enhanced coverage. The other simulation parameters are provided in the annex for information, which was duplicated from the approved simulation assumptions captured in [1].
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Figure 1 RSTD error under normal coverage
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Figure 2 RSTD error under enhanced coverage
From above simulation results it can be observed that UE can achieve up to 8~10 Ts in non-colliding scenario compared with colliding scenario. Note that the above simulation results in 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.
Observation 1: RSTD error in colliding scenario is worse compared with non-colliding scenario.

Observation 2: current RSTD accuracy requirement cannot be guaranteed in colliding scenario.
Note that in original simulation assumption with (0, 1, 2) although the NPRS from each cell would not collide with each other, some NPRS RE is colliding with NRS from other cell. For instance, in standalone or guardband operation when only Part B is configured, NRS can still be transmitted as can be seen in Figure 3 below. In this case NPRS in OFDM symbol l=5 from cell 0 is colliding with NRS from cell 1. So is the colliding situation between cell 1 and cell 2.
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(a) Cell 0















(b) cell 1
Figure 3 standalone/guard band with NRS and NPRS
Even in in-band operation with nprsBitmap configured, there is still some NPRS colliding with CRS from other cells. If a UE is using a large search range it may also include the adjacent symbol. NPRS would be also suffered from CRS, as can be observed in Figure 4, P2 in l=5 may be partially overlapped with C0, since there is CP/2 transmission offset bewteen cell 0 and cell 2 according to the approved simlulation assumption. However, no matter what the cell ID is set, there will always be some NPRS REs colliding (or partically overlapping) with NRS or even CRS. Except that for the case there is only NPRS transmitted, i.e. standalone or guardband with nprsBitmap configured. 
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Figure 4 in-band case

Observation 3: in three cells simulation, there are always some NPRS REs colliding (or partially overlapping) with NRS and even CRS from other cells, except for standalone and guardband with nprsBitmap configured.
Note that all the RSTD accuracy test cases for NB-IoT are implemented in in-band operation, which means there is always CRS transmitted. This might also be the reason that some company didn’t observe significant difference between colliding and non-colliding case. 
In order to improve RSTD performance, we try adding the radio frame number into NPRS sequence generation:
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Then we compare the simulation result with legacy sequence in the following figures:
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Figure 5 new NPRS performance in normal coverage
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Figure 6 new NPRS performance in enhanced coverage
It can be observed that with NPRS sequence change in radio frame level, RSTD accuracy performance in colliding scenario can be improved.

Observation 4: RSTD accuracy performance in colliding scenario can be improved if radio frame number is introduced into the sequence initialization equation.
3. Conclusions
In this contribution we provide some simulation results on RSTD accuracy for both colliding and non-colliding cases. After discussion, the following observations are provided:
Observation 1: RSTD error in colliding scenario is worse compared with non-colliding scenario.
Observation 2: current RSTD accuracy requirement cannot be guaranteed in colliding scenario.
Observation 3: in three cells simulation, there are always some NPRS REs colliding (or partially overlapping) with NRS and even CRS from other cells, except for standalone and guardband with nprsBitmap configured.
Observation 4: RSTD accuracy performance in colliding scenario can be improved if radio frame number is introduced into the sequence initialization equation.
4. Annex
Table 1. 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


5. Reference

[1] R4-168417, “Simulation assumption on RSTD for eNB-IOT”, Huawei, HiSilicon
8
1

_1584289433.vsd
�

l=0


l=6


l=0


P


l=6


P


P


P


P


P


P


P


P


P


P


P


P


P


P


P


P


P


N


N


N


N


N


N


N


N


N


NRS


NPRS


P


Cell 1


P


P


P


P


P


P


P


P


P


P


P


Collided NPRS



_1584290270.vsd
�

l=0


P2


l=6


l=0


C0


l=6


P2


P2


P2


C2


C0


C0


C0


C0


C0


P2


P2


C0


P2


C2


P2


C2


C0


P2


P0


P2


P0


P2


P2


C2


P0


P0


P2


P2


P0


P2


C2


P2


C2


P0


P0


P0


P0


P0


P0


P0


P0


P0


P0


P0


NPRS from cell 0


C2


C2


CRS from cell 2


C2


P2


NPRS from cell 2


CRS from cell 0


C0


P0



_1584289306.vsd
�

l=0


l=6


l=0


P


l=6


P


P


P


P


P


P


P


P


P


P


P


P


P


P


P


P


P


P


N


N


N


N


N


N


N


N


N


NRS


NPRS


P


Cell 0


P


P


P


P


P


P


P


P


P


P


Collided NPRS



