3GPP TSG-RAN WG4 #84bis
R4-1710305
Dubrovnik, Croatia, 9th – 13th October 2017
Agenda item:
6.3.2.1
Source: 
Qualcomm Incorporated
Title: 
On RSTD measurement requirement for eNB-IoT
Document for:
Discussion
1. Introduction
As a part of eNB-IoT WI, RAN4 needs to finalize the core/performance requirement for the RSTD measurement based in eNB-IoT positioning. 

In this paper, we discuss the remaining issues in the RSTD measurement requirement for eNB-IoT positioning.
2. Discussion
2.1. Minimum number of NPRS subframes per cell measurement 

Due to the single RB processing, eNB-IoT UE requires processing a larger number of NPRS subframes than the legacy wideband UE to achieve a comparable minimum RSTD measurement accuracy. Depending on the number of NPRS subframe available in each NPRS occasion, NPRS, and the minimum number of NPRS subframes required per each cell measurement, 
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, NB-IoT UE may need to perform the RSTD measurement of one cell across multiple NPRS occasions. Since the value of 
[image: image2.wmf]total

NPRS

N

_

 affects not only the accuracy requirement of the RSTD measurement, but also the overall RSTD measurement delay, and thus should be chosen considering multiple factors including the operation mode, the coverage, and the baseline receiver assumption for the RSTD measurement combining across NPRS subframes.
Operation mode
First, from operation mode perspective, the reference/neighbor cells in the standalone operation mode include 12 more NPRS REs in each NPRS subframe than the in-band NB-IoT cells when nprsBitmap is configured, and 4 more NPRS REs if not. Therefore, NB-IoT UE may require fewer number of NPRS subframes per cell measurement to achieve the same RSTD measurement accuracy for those cells in the standalone mode. Since the operation mode of individual carriers are explicilty provided to UE as a part of the OTDOA assistance data, i.e., operationModeInfoNPRS-r14 [2], in principle, 
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may be determined differently for individual operation mode. 

Observation 1. Different 
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 may be defined for each operation mode. UE can determine the correct 
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per operating mode without ambiguity since the operationModeInfo is explicitly provided in the OTDOA assistance data.
Coverage
Next, regarding the coverage level, a different set of the NPRS Es/Iot conditions are currently defined for each coverage level, i.e., 
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(-15 dB for the enhanced coverage, respectively, and different NPRS Es/Iot condition may require different 
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value to achieve the same RSTD measurement accuracy. However, in NB-IoT, the coverage level in the idle mode is determined by the NRSRP of the camping cell, which is not necessarily the reference cell or neighbor cell used for the RSTD measurement. Therefore, while it is the NPRS Es/Iot of the reference/neighboring cells that determines the required 
[image: image11.wmf]total

NPRS

N

_

, UE is not necessarily able to infer such information from the coverage level. 
Observation 2. Coverage level is determined by the NRSRP of the camping cell, while the camping cell is not necessarily a reference cell or neighbor cell for RSTD measurement. Therefore, the actual NPRS Es/Iot condition of the reference cell or neighbor cells cannot necessarily be infered from the coverage level.
Furthermore, NRSRP Es/Iot estimation itself has the limited accuracy of up to ±15dB error under the current performance requirement, and there is always an inherent possibility that NB-IoT UE makes incorrect decision on its coverage level. In such cases, making the 
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 dependent on the coverage level may result in the NB-IoT UE failing the accuracy requirement if the coverage level is incorrectly estimated as normal, or unable to report the RSTD measurement within the expected delay if the coverage level is incorrectly estimated as enhanced. To this end, our view is that 
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 should be determined independent of the coverage level, and only the accuracy requirement can be determined differently for individual coverage level.
Observation 3. Coverage decision by UE may not be perfect as it is based on the NRSRP measurement of up to ±15dB inaccuracy tolerance. Incorrect coverage decision may result in the UE failing the RSTD accuracy requirement or delay requirement in case of the incorrect coverage decision from enhanced to normal, or from normal to enhance coverage, respectively.

Proposal 1. 
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 is determined independent of the coverage, and only the RSTD accuracy requirement is determined based on the respective coverage level.

Baseline receiver assumption for measurement combining across NPRS subframes
Lastly, in order to define the accuracy requirement for the given 
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, RAN4 needs to agree on the baseline assumption on the UE’s NPRS processing across subframes, especially on the use of the coherent combining across NPRS subframes. NPRS is always transmitted on the antenna port 2006, and in principle, coherently combining the NPRS across multiple adjacent NPRS subframes may further improve the RSTD measurement accuracy. However, in practice, such coherent processing will require UE to perform advanced receiver processing to estimate/compensate any channel variation due to Doppler, as well as running through multiple frequency offset hypotheses to compensate the residual frequency error between the camping cell and the reference/neighbor cells. Our view is that the accuracy requirement should be defined purely based on the baseline receiver that performs only non-coherent combining assumption across NPRS subframes.
Observation 4. Coherent combining of NPRS across multiple NPRS subframes may require the advanced UE processing to estimate/compensation the channel variation due to Doppler as well as the residual frequency error estimation/compensation based on multiple hypotheses.

Proposal 2. 
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 and the corresponding RSTD measurement accuracy requirement should be determined based on the baseline receiver that performs only non-coherent combining of the RSTD measurement across NPRS subframes.
Table 1 and 2 shows the 90-percentile RSTD measurement accuracy for different 
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values, based on the simulation assumption [1]. As discussed eariler in [2], for colliding PRS scenarios, NB-IoT positioning cannot provide acceptable RSTD measurement accuracy, and the simulation result in this paper only focus on the non-colliding NPRS cases. For the in-band operation modes, it is seen that 
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of 320ms can provide the RSTD measurement accuracy of < 12Ts in normal coverage, and < 25Ts in the enhanced coverage. On the other hand, for the standalone operation modes, the similar RSTD accuracy can be achieved with 
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 of 160ms, thanks to the more number of REs available for NPRS.
Table 1. 90-percentile of absolute RSTD measurement error (Ts) in normal coverage: neighboring cell1/cell2
	
	
	40
	80
	160
	200
	320
	400

	AWGN
	Inband 
	37.0/36.2
	24.6/24.0
	17.5/17.2
	14.9/14.4
	11.1/11.3
	10.5/10.2

	
	Standalone 
	22.4/22.8
	15.1/15.9
	11.2/11.5
	10.7/10.4
	7.6/8.3
	7.1/7.3

	EPA1
	Inband 
	35.8/35.4
	24.6/24.8
	17.2/17.3
	14.7/15.1
	11.8/12.1
	10.6/10.8

	
	Standalone 
	23.6/20.9
	16.3/15.8
	11.2/11.2
	10.2/10.4
	7.6/8.3
	7.3/7.2

	EPA25
	Inband 
	39.3/38.7
	26.6/25.3
	17.8/17.3
	15.5/15.5
	12.2/12.0
	10.6/10.8

	
	Standalone 
	22.6/23.1
	16.0/16.4
	10.6/11.1
	9.7/10.6
	7.3/8.6
	6.6/7.7


Table 2. 90-percentile of absolute RSTD measurement error (Ts) in enhanced coverage: neighboring cell1/cell2
	
	
	40
	80
	160
	200
	320
	400

	AWGN
	Inband 
	347.3/257.3
	54.1/58.8
	34.5/35.3
	30.5/30.4
	23.9/23.5
	20.3/20.9

	
	Standalone 
	47.1/45.1
	31.8/30.4
	21.6/21.7
	19.8/18.9
	14.5/14.7
	13.5/13.2

	EPA1
	Inband 
	396.6/271.5
	54.2/55.7
	33.7/35.4
	28.5/30.9
	22.7/23.8
	22.7/20.3

	
	Standalone 
	46.7/43.9
	29.8/30.0
	20.3/20.7
	18.7/17.9
	14.1/15.0
	12.6/13.3

	EPA25
	Inband 
	412/9/351.8
	57.3/63.7
	36.7/36.5
	33.0/31.2
	26.2/25.0
	21.7/20.8

	
	Standalone 
	44.3/47.0
	30.0/31.8
	19.3/20.8
	19.0/19.3
	14.2/15.3
	13.0/14.1


Based on the Proposal 1 and Proposal 2, and the simulation result, we propose the following:
Proposal 3. RAN4 decides between the below two options for the RSTD measurmeent requirement for eNB-IoT positioning:
· Option 1) Fix 
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= 320, and vary the accuracy requirement according to the coverage/operation mode

· Option 2) Fix 
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= 160 for the measured cells in the standalone modes with nprsBitmap configured, and 
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= 320 otheriwse. Accuracy requirement according to the coverage for a given operation mode and 
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2.2. RSTD measurement delay
Considering that eNB-IoT positioning needs multiple PRS occasion to measure each cell, the current RSTD measurment delay is defined to scale according to the value of 
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, i.e., 
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where 
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 is the periodicity of NPRS occasion, 
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 is the measurement time for a single NPRS positioning occasion which includes the sampling time and the processing time. M is the number of NPRS positioning occasions scales linearly with 
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, and can be as large as 16*
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.  While the reasoning behind such scaling is to allow sufficient time to complete the measurement across all configured cells, the current definition may result in the impractical overall measurement delay depending on the NPRS configuration.
For example, assuming 
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of 320ms, when 
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= 10ms is configured, overall RSTD measurement delay can be as large as 1280 * 16 * (320ms/10ms) = 655.4 seconds. One problem with such large RSTD measurement delay in practice is that unless assuming the extremely slow UE movement with > 10 minutes of coherence time, the RSTD measurment made for different cells tends to get uncorrelated from each other as UE moves around. Furthermore, the RSTD measurement over such long measurement duration could be more vulnerable to the UE clock drift error. For instance, assuming the 5 ppb of clock drift error during the idle-mode RSTD measurement i, overall time error accumulated over 655 seconds can be as large as 3.3us (or 1 km of the positioning error) which surpasses the tolerable RSTD inaccuracy of < 30Ts in the NB-IoT positioning. Therefore, from the practical perspective, it is desirable to put some upperbound on the RSTD measurement delay in the core requirement.
Observation 5. Under the current RSTD measurement delay requirement, overall RSTD measurement delay can grow as large as up to tens of minutes. Such long measurement duration is not desirable in practice since the RSTD measurement result from different cells tends to get uncorrelated more under UE movement, and the clock drift error accumulated over the > 10 minutes of idle mode positioning may dominate the overall RSTD measurement accuracy.
Proposal 4. Upperbound the RSTD measurement delay in NB-IoT idle mode positioning based on the agreed value of 
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. The RSTD measurement accuracy requirement is applicable only when the configured (
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, n) combination does not require the RSTD measurement delay longer than the upperbound.
3. Conclusions

In this paper, we discussed the remaining issues of RSTD measurement requirement for NB-IoT positioning, including the minimum number of NPRS subframes for measuring one cell, and the RSTD measurement delay. Observations and proposals discussed in this paper is summarized as follows:
Observation 1. Different 
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 may be defined for each operation mode. UE can determine the correct 
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per operating mode without ambiguity since the operationModeInfo is explicitly provided in the OTDOA assistance data.
Observation 2. Coverage level is determined by the NRSRP of the camping cell, while the camping cell is not necessarily a reference cell or neighbor cell for RSTD measurement. Therefore, the actual NPRS Es/Iot condition of the reference cell or neighbor cells cannot necessarily be infered from the coverage level.

Observation 3. Coverage decision by UE may not be perfect as it is based on the NRSRP measurement of up to ±15dB inaccuracy tolerance. Incorrect coverage decision may result in the UE failing the RSTD accuracy requirement or delay requirement in case of the incorrect coverage decision from enhanced to normal, or from normal to enhance coverage, respectively.

Observation 4. Coherent combining of NPRS across multiple NPRS subframes may require the advanced UE processing to estimate/compensation the channel variation due to Doppler as well as the residual frequency error estimation/compensation based on multiple hypotheses.

Observation 5. Under the current RSTD measurement delay requirement, overall RSTD measurement delay can grow as large as up to tens of minutes. Such long measurement duration is not desirable in practice since the RSTD measurement result from different cells tends to get uncorrelated more under UE movement, and the clock drift error accumulated over the > 10 minutes of idle mode positioning may dominate the overall RSTD measurement accuracy.

Proposal 1. 
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 is determined independent of the coverage, and only the RSTD accuracy requirement is determined based on the respective coverage level.

Proposal 2. 
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 and the corresponding RSTD measurement accuracy requirement should be determined based on the baseline receiver that performs only non-coherent combining of the RSTD measurement across NPRS subframes.

Proposal 3. RAN4 decides between the below two options for the RSTD measurmeent requirement for eNB-IoT positioning:

· Option 1) Fix 
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= 320, and vary the accuracy requirement according to the coverage/operation mode

· Option 2) Fix 
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= 160 for the standalone modes with nprsBitmap configured, and 
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= 320 otheriwse. Accuracy requirement accoridng to the coverage for a given operation mode and 
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Proposal 4. Upperbound the RSTD measurement delay in NB-IoT idle mode positioning based on the agreed value of 
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. The RSTD measurement accuracy requirement is applicable only when the configured (
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Appendix

Simulation assumption for the RSTD measurement in NB-IoT positioning (non-colliding case only) [2]

· Cell ID : Non-colliding PRS (0, 1, 2)

· Network synchronization : only synchronous case (0, 0, CP/2)

· Duplex mode : only FDD

· Number of Rx antenna: 1

· Frequency offset : 50Hz

· PRS bandwidth : 1 RB

· Propagation channel: AWGN, EPA1, EPA25

· SINR 

· Normal coverage: (-6,-13,-13)
· SNR=(-6, -13, -13) dB for non-colliding case
· Enhanced coverage: (-15,-15,-15)
· SNR=(-15, -15, -15) dB for non-colliding PRS case
· NPRS : 10 SF in a PRS occasion
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