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Introduction
In RAN4#78bis, a new WI on further indoor positioning enhancement was discussed [1]. The main issue for this WI is the higher resolution for RSTD reporting. 
Even though there have been a lot of discussion on how to increase the reported RSTD granularity, the corresponding OTDOA gain however has not been thoroughly studied, especially when a realistic time alignment error at eNB is considered. In this contribution, the potential benefit to increase RSTD reporting granularity is investigated. 
Issues to be considered on OTDOA performance
It is well known that OTDOA performance depends on the follow factors
· RSTD estimation/reporting accuracy.
· Number of reported RSTD
· Knowledge of the geographical coordinates of reference and measured eNB
· Time alignment error (TAE) between reference and measured eNBs

Among the aforementioned issues, the knowledge of eNB coordination can be assumed accurate enough at eNB side since the related information most likely keeps unchanged. The remaining three issues are related to the quantity and quality of RSTD reporting, and the TAE at eNB side.   

Frames of LTE signals present at the eNB antenna ports are not perfectly aligned. As a result, TAE requirements are defined in 36.104 as follow
[bookmark: _Toc345279321]6.5.3	Time alignment error
This requirement applies to frame timing in TX diversity, MIMO transmission, carrier aggregation and their combinations. 
Frames of the LTE signals present at the BS transmitter antenna port(s) are not perfectly aligned in time. In relation to each other, the RF signals present at the BS transmitter antenna port(s) experience certain timing differences.
For a specific set of signals/transmitter configuration/transmission mode, time alignment error (TAE) is defined as the largest timing difference between any two signals.
[bookmark: _Toc345279322]6.5.3.1	Minimum Requirement
For MIMO or TX diversity transmissions, at each carrier frequency, TAE shall not exceed 65 ns.
For intra-band contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 130 ns.
For intra-band non-contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 260 ns.
For inter-band carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 1.3 μs.

It has been clearly defined that <65ns (~2Ts) TAE for intra-frequency cases and <260ns (~8Ts) for inter-frequency but inter-band. In case of inter-band scenarios, TAE between eNB can be as large as 1.3us (~39Ts). Obviously, the reported RSTD by UE includes not only the receive time difference due to different propagation delay between the reference and measured eNBs, but also the TAE between the reference and measured eNBs. Since TAE is unknown at eNB and LPP server, TAE and real RSTD cannot be distinguished in positioning server. The aforementioned TAE requirements should be based on the assumption that GPS is equipped. Therefore, it is supposed to be even more challenging for indoor eNB to maintain this level of TAE. 

To understand better on the reported RSTD, it can be represented as follow



· 
·  (within +/- 4Ts when the measurement BW>15MHz)
·  (<0.5Ts based on existing report mapping)
·  (<2Ts for intra-freq, <8Ts for inter-freq/intra-band), <39Ts for intre-band)

Obviously, the existing RSTD minimum requirement with wideband and TAE requirements are much larger than the quantization error due to the existing report mapping. Intuitively, the RSTD report mapping should not be the bottleneck to limit the OTDOA performances. 

Observation 1: The existing RSTD minimum requirement with wideband and TAE requirements are much larger than the quantization error due to the existing report mapping. The RSTD report mapping should not be the bottleneck to limit the OTDOA performances.

Observation 2: TAE between the measured and reference eNBs can impact OTDOA performances much more than other imperfection issues.
 

TAE impact on OTDOA performance
To understand the OTDOA performance with more realistic scenarios assumed, system level simulation results are provided with both increased RSTD report mapping granularity and TAE assumed. SLS assumptions are provided in the appendix. Rather than using the minimum TAE requirements, a relatively optimistic 50ns and 100ns of TAE are assumed with the implementation margin considered at eNB. In the legend of Figure 1, “Indoor 0.5, 50” represents the scenario with minimum RSTD report mapping granularity of 0.5Ts and TAE<50ns. 
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Figure 1.Simulation results with timing error
When zero TAE is assumed, the gain due to finer the RSTD report mapping from 1Ts to 0.5Ts is around 1 and 2 meters at eighty and fifty percentiles, respectively. When a quite mild TAE of 50ns is assumed, the gap between 1Ts and 0.5Ts RSTD report mapping granularity becomes very trivial and can be neglected. When TAE is increased to 150ns which is still less than the minimum TAE requirement for intra-band continuous CA cases, the OTDOA performance becomes identical with1Ts and 0.5Ts RSTD report mapping granularity.

Observation 4: With quite mild TAE assumed, OTDOA performance cannot be improved with increased RSTD report mapping granularity. Even with zero TAE, the performance enhancement due to improved RSTD reporting granularity is limited.

Meanwhile, the performance degradation due to TAE is quite significant. For example, with 0.5Ts of RSTD report granularity, >10 meters of OTDOA degradation is observed when the maximum TAE is increase from 0 to 50ns. When the maximum TAE is around 150ns, it results in more than 20 meters of OTDOA degradation.

Observation 5: System level study shows significant OTDOA performance degradation due to coarse TAE between eNBs. It suggests that improving TAE requirements should be much more effective than just refining RSTD reporting granularity in terms of OTDOA performance enhancement. 

Proposal 1: RSTD report mapping enhancement should not be considered until the minimum requirement of TAE becomes satisfactory.
Conclusion
In this contribution, we discuss about OTDOA performances and the concerned issues. It is observed
Observation 1: The existing RSTD minimum requirement with wideband and TAE requirements are much larger than the quantization error due to the existing report mapping. The RSTD report mapping should not the bottleneck to limit the OTDOA performances.

Observation 2: TAE between the measured and reference eNBs can impact OTDOA performances much more than other imperfection issues.

Observation 3: No system level OTDOA study with realistic TAE has been done in both RAN1 and RAN4 SI with. The related gain of increasing RSTD report mapping granularity is not well justified. 

Observation 4: With quite mild TAE assumed, OTDOA performance cannot be improved with increased RSTD report mapping granularity. Even with zero TAE, the performance enhancement due to improved RSTD reporting granularity is limited.

Observation 5: System level study shows significant OTDOA performance degradation due to coarse TAE between eNBs. It suggests that improving TAE requirements should be much more effective than just refining RSTD reporting granularity in terms of OTDOA performance enhancement. 

Based on the observation above, it is proposed
[bookmark: _GoBack]
Proposal 1: RSTD report mapping enhancement should not be considered until the minimum requirement of TAE becomes satisfactory.
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Appendix – System Level Evaluation Assumptions 
In this section, we provide summary of all simulation assumptions used for current analysis. The relevant set of system level evaluation assumptions as well as system level parameters are provided in Table 1.
[bookmark: _Ref410210617]Table 1. Summary of system level evaluation assumptions for positioning and timing estimation.
	Positioning method

	OTDOA Positioning Method
	2D ML positioning problem is formulated and solved by iterative algorithm based on Taylor series expansion method [2].
The error weighting matrix is proportional to instantaneous PRS SINR measured over wideband.
Initial guess is the average coordinate of the 5 nodes with unique locations (selected according to largest SINR).

	Cell ID Planning
	Sectors of Macro cell use orthogonal PRS patterns, unique Cell IDs are assigned when feasible.

	PRS muting information
	8-bit muting pattern with a single activated PRS occasion is used.

	Max number of cells for RSTD measurements
	Maximum number of sources is restricted to 20.
Sources with SINR < -13dB are excluded from considerations, assuming high likelihood of inaccurate timing measurements.

	Reference cell 
	Serving cell (max received power criterion).

	Timing estimation

	Timing estimation
	Search window is restricted to [+/- 200 Ts] relative to the serving cell.
Threshold based algorithm for the first arrival path detection with non-coherent combining across UE antennas.
Low interference subframes are assumed (w/o data and control signals)
Only PRS processing for timing estimation of neighboring cells.

	PRS info
	10 MHz, 20MHz and 40MHz (2 CCs) are used for PRS processing. No boosting. No up-sampling is applied.

	Cyclic Prefix
	Extended cyclic prefix was used in analysis.

	TAE assumption
	 Gaussian distribution with rms X ns and truncated at [+X ns; -X ns]. X=[0, 50, 150]. 
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