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Introduction
In RAN4 #85 meeting, eNB-IoT RSTD accuracy requirement and test cases for non-colliding PRS was agreed. However, the requirement/test cases for the colliding PRS scenario remains open. Due to the poor cross-correlation property of the PRS sequences transmitted over only a single PRB, RSTD accuracy becomes much worse in the colliding PRS scenario compared to the non-colliding scenario of the same SINR condition. In RAN4 #86 meeting, the RSTD measurement performance in AWGN was presented to confirm the performance degradation under the colliding NPRS configuration [1], however, RAN4 was not able to agree to send LS to RAN1 before confirming the same degradation in the fading channel condition.  

In this paper, we present additional simulation result confirming our earlier observation in [1] even in the fading channel condition. Based on the observation, we also propose a modification in NPRS design to improve the RSTD accuracy in the colliding PRS scenario. 
Simulation Result
AWGN
Table 2-1 and 2-2 shows the 90-percentile RSTD measurement accuracy of NB-IoT in AWGN in the normal and enhanced coverage for both colliding and non-colliding PRS configurations. 
Given the same # of NPRS subframe observations, it is shown that colliding PRS configuration suffers from much worse RSTD measurement accuracy. For example, in the normal coverage, RSTD measurement in the non-colliding PRS scenario can achieve ~12Ts of accuracy with TNPRS of 320, while it can achieve only 22~30Ts in the colliding PRS scenario. It is also shown that the measurement accuracy could vary by 5~10Ts from one NPRS ID tuple to another in the colliding PRS scenario, indicating its vulnerability to the false peaks from the poor cross-correlation.
Table 2-1. 90-percentile RSTD measurement accuracy in normal coverage
	NPRS CID 
(Ref/Nbr1/Nbr2)
	TNPRS

	
	40
	80
	160
	320
	640

	Non-colliding
(0/1/2)
	37.88/36.72
	24.03/24.17
	17.04/17.22
	12.22/12.18
	8.53/8.37

	Colliding
(0/6/12)
	43.94/53.27
	37.01/34.33
	32.75/26.90
	29.57/22.37
	27.14/19.95

	Colliding
(0/6/18)
	43.81/50.88
	35.90/39.57
	31.92/34.11
	28.73/30.86
	26.46/28.50

	(SNRREF,SNRNBR1,SNRNBR2) = (-6, -13, -13) dB for non-colliding NPRS, and (-5.45,-11.75,-11.75) dB for colliding NPRS


Table 2-2. 90-percentile RSTD measurement accuracy in enhanced coverage
	NPRS CID 
(Ref/Nbr1/Nbr2)
	TNPRS

	
	40
	80
	160
	320
	640

	Non-colliding
(0/1/2)
	314.08/241.25
	54.44/55.53
	33.33/34.79
	23.64/23.56
	16.47/16.58

	Colliding
(0/6/12)
	266.14/440.59
	61.16/69.70
	45.79/38.54
	36.79/25.77
	31.81/17.58

	Colliding
(0/6/18)
	249.53/407.91
	57.12/58.05
	42.18/35.96
	34.86/27.43
	30.02/22.68

	(SNRREF,SNRNBR1,SNRNBR2) = (-15, -15, -15) dB for non-colliding NPRS, and (-14.7,-14.7,-14.7) dB for colliding NPRS



Observation 1. Colliding PRS scenario results in much worse RSTD measurement accuracy compared to the non-colliding PRS scenario of the same effective SINR.
Observation 2. Increasing TNPRS to 640 in colliding PRS scenario still cannot provide the RSTD accuracy performance comparable to that of the non-colliding PRS scenario of the same effective SINR with TNPRS = 320.
Observation 3. Existing RSTD measurement accuracy requirement defined in 9.1.22.10-13, based on TNPRS of 320, is not achievable in the colliding PRS scenario.
Fading
RSTD measurement accuracy in the fading channel depends not only on the cross-correlation property across different cells but also on the individual fading channel realization from each cell. Figure 1 shows the CDF of the RSTD measurement accuracy in EPA1 fading channel for different NPRS cell ID. It is shown that the amount of RSTD measurement accuracy degradation in the fading channel varies across different cell ID tuples. For the cell ID tuples of (0,132,12) and (0,162,12), the colliding PRS configuration is shown to suffer from up to 15Ts of the RSTD accuracy loss compared to the non-colliding scenario, which can be fully recovered by increasing the set of NPRS sequences used across radio frames as discussed in Section 3.
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Figure 1. CDF of RSTD measurement accuracy of colliding PRS scenario in the EPA1 normal coverage with NPRS sequence reused every 10ms (Old) and every 80ms (New): (a) Cell_IDs = (0,6,12), (b) Colliding NPRS with Cell_IDs = (0,132,12), and (c) Colliding NPRS with Cell_IDs = (0,162,12)

Similar simulation result is also presented in Figure 2 for EPA5 fading channel under different coverage levels. It is shown that in both coverage levels, increasing the set of NPRS sequences used across radio frames as discussed in Section 3, denoted as “new”, can provide a superior RSTD measurement accuracy performance. 
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Figure 2. CDF of RSTD measurement accuracy of colliding PRS scenario in the EPA5 normal/enhanced coverage with NPRS sequence reused every 10ms (Old) and every 80ms (New): (a) Colliding NPRS with Cell_IDs = (0,132,12), and (b) Colliding NPRS with Cell_IDs = (0,162,12)

Observation 4. RSTD measurement accuracy degradation in the colliding NPRS configuration is also observed in the fading scenario.
Proposal 1. Confirm that the existing RSTD measurement accuracy requirement defined in 9.1.22.10-13 is only applicable to the non-colliding PRS scenario.
Possible NPRS Design Modification
Degraded RSTD measurement accuracy in the colliding PRS scenario shown in the previous section is a direct consequence of the poor cross-correlation property of the NPRS sequence. For NB-IoT, the PRS sequence in each OFDM symbol is of length 2 (due to single PRB transmission), which fails to provide an acceptable cross-correlation property enough to flatten the false peaks in the colliding PRS scenario. 
One way to mitigate such degradation is to use a different set of NPRS sequences across different radio frames such that a false peak from the poor cross-correlation in a certain pair of PRS sequences are suppressed by averaging across a larger number of the PRS sequence pairs. In the current NPRS sequence design, PRS sequence at each OFDM symbol is generated using a different initialization seed as shown in (Eq.1), yet those set of seeds repeats every radio frame, leaving at most 80 distinct NPRS sequences per cell for in-band deployment with one or two PBCH antenna ports (= 8 NPRS symbols per subframe, and 10 subframes per radio frame). 
(Eq. 1 [TS36.211, 10.2.6A])

 						(NPRS sequence)

   (Init. Seed)
(ns = 0, …, 19, l = 0,…,6 )
Instead of using the slot number ns which resets every radio frame (or every 20th slot), the network can use an extended slot number that resets every K radio frames (K>1) to allow a larger set of PRS sequences across time for each NB-IoT cell. For example, by using the extended slot number that resets every 16 radio frames, , the total number of the NPRS sequences used for RSTD measurement can be increased from 80 to 1280 when UE measures 160 or more number of NPRS subframes at each NPRS occasion. Modified  for NPRS sequence is given by

where . 
Figure 1 and 2 shows the improvement in the RSTD measurement accuracy by extending the NPRS sequence set across radio frames. It is shown that 10Ts ~ 20Ts of the accuracy improvement can be achieved both in normal and enhanced coverage scenarios by allowing up to four different PRS sequence sets across radio frames, i.e., using the extended slot number that resets every four radio frames. It is also observed that extending the NPRS sequence sets beyond four radio frames provides only diminishing gain.
Observation 5. RSTD measurement accuracy performance in the colliding PRS scenario can be improved significantly by using a different NPRS sequences across radio frames.
[image: ]
Figure 2. CDF of RSTD measurement accuracy of colliding PRS scenario in the normal coverage for different number of NPRS sequence sets in AWGN channel: neighbor cell 1 (left), neighbor cell 2 (right)
[image: ]
Figure 3. CDF of RSTD measurement accuracy of colliding PRS scenario in the enhanced coverage for different number of NPRS sequence sets in AWGN channel: neighbor cell 1 (left), neighbor cell 2 (right)
Backward compatibility with the legacy NB-IoT UE would be an important aspect to consider when introducing the new NPRS sequence pattern. One possible solution is for a network to schedule PRS transmission with legacy and new PRS sequences design in a time-multiplexed manner with their respective NPRS subframe offset as shown in Figure 3. E-SMLC can provide the appropriate NPRS configuration based on the UE capability.

[image: ]
Figure 3. Time-multiplexing of NPRS transmission with legacy and new PRS sequence

Modifying the NPRS sequence is up to RAN1, which may also require a RAN2 involvement to define proper signaling. Given the clear performance gain from the new NPRS design, we propose to first send LS to RAN1 to share RAN4’s observation and request to investigate a potential enhancement of NPRS design to address the performance issue in the colliding NPRS configuration. LS draft for this NPRS enhancement can be found in our companion paper [3].
Proposal 2. Send LS to RAN1 to inform RAN4’s observation on the RSTD measurement accuracy improvement that can be achieved by modifying the existing NPRS design, and request to investigate a possible enhancement of NPRS design.
Finally, regarding the core/performance requirement and the test cases for colliding NPRS scenario under the existing NPRS sequence design, RAN4 needs to decide whether to define a new more relaxed requirement for colliding PRS scenario or defer defining any requirement for colliding PRS scenario until the NPRS sequence is properly redesigned. Considering the poor RSTD measurement accuracy performance in the colliding NPRS scenario, which does not improve much under larger TNPRS, we propose to clarify that the existing accuracy requirement is not applicable to the colliding NPRS scenario until RAN1 makes a NPRS sequence design modification.  
Proposal 3. Clarify that existing RSTD accuracy requirement for NB-IoT is not applicable to the colliding NPRS scenario under current NPRS sequence design. RAN4 to revisit the requirement if RAN1 makes changes to the existing NPRS design. 

Conclusions
In this paper, we presented the simulation result for RSTD measurement accuracy in NB-IoT OTDOA positioning, confirming the worse performance in the colliding PRS scenarios due to poor cross-correlation property in the existing NPRS sequence design. Based on this observation, we also proposed a suitable modification of the NPRS sequence to improve RSTD measurement accuracy performance in the colliding PRS scenarios. Additional simulation results were presented to confirm the improved RSTD measurement accuracy under the modified NPRS sequence design. Observations and proposals made in this paper is summarized as follows.
Observation 1. Colliding PRS scenario results in much worse RSTD measurement accuracy compared to the non-colliding PRS scenario of the same effective SINR.
Observation 2. Increasing TNPRS to 640 in colliding PRS scenario still cannot provide the RSTD accuracy performance comparable to that of the non-colliding PRS scenario of the same effective SINR with TNPRS = 320.
Observation 3. Existing RSTD measurement accuracy requirement defined in 9.1.22.10-13, based on TNPRS of 320, is not applicable to the colliding PRS scenario.
Observation 4. RSTD measurement accuracy degradation in the colliding NPRS configuration is also observed in the fading scenario.
Proposal 1. Confirm that the existing RSTD measurement accuracy requirement defined in 9.1.22.10-13 is only applicable to the non-colliding PRS scenario.
Observation 5. RSTD measurement accuracy performance in the colliding PRS scenario can be improved significantly by using a different set of NPRS sequences across radio frames.
Proposal 2. Send LS to RAN1 to inform RAN4’s observation on the RSTD measurement accuracy improvement that can be achieved by modifying the existing NPRS design, and request to investigate a possible enhancement of NPRS design.
[bookmark: _GoBack]Proposal 3. Clarify that existing RSTD accuracy requirement for NB-IoT is not applicable to the colliding NPRS scenario under current NPRS sequence design. RAN4 to revisit the requirement if RAN1 makes changes to the existing NPRS design. 
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