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[bookmark: _GoBack]In RAN#72, a work item for enhancements of NB-IoT was approved and the following was agreed on introducing positioning functionality [1]:
Support of UTDOA or OTDOA:
· Study accuracy, UE complexity, UE power consumption for both UTDOA and OTDOA using NB-IoT and provide recommendation to RAN#73 on which one solution to adopt [RAN1]  
· 3GPP network operators are invited to provide inputs to RAN1#86 on their positioning requirements. Companies are encouraged to include both methods in their evaluations.
· Based on the study make a choice (either uplink positioning or OTDOA) during RAN#73
In this contribution, we provide an overall analysis of comparisons on accuracy, UE complexity, UE power consumption, and other relevant aspects to have a comprehensive understanding for making a recommendation to RAN#73. A summary table of observations for the comparison is provided at the end of discussion and observations for NB-IoT UTDOA/OTDOA comparison are provided in the conclusions.
Discussion
For the downlink positioning method of OTDOA and the uplink positioning method of UTDOA, there are different impacts on infrastructure hardware. Table 1 lists all of the aspects analyzed in this paper, classified by their potential impacts on infrastructure hardware, UE implementation or positioning performance.
Table 1 Summary of aspects to be considered for positioning analysis and comparison
	Impact on
	Aspects

	Infrastructure hardware
	1) Network architecture

	UE implementation
	2) Protocol
3) Complexity
4) Power consumption
5) Memory

	Positioning performance
	6) Accuracy
7) Network synchronization
8) Air interface latency
9) Capacity


For the purpose of comparison, we discuss these one by one.
· Infrastructure hardware
1) Network architecture
A common UE positioning architecture is specified in E-UTRAN where Enhanced Serving Mobile Location Center (E-SMLC) is used for control-plane positioning architecture. From network perspective, it is well known that E-SMLC and eNB are key roles for OTDOA while a logical element of Location Measurement Unit (LMU) is additionally introduced for UTDOA to perform positioning measurement.
LMU may be deployed in three ways [7],
●	LMU class 1: LMU integrated into base station
●	LMU class 2: LMU co-sited with base station and sharing antenna with the base station
●	LMU class 3: standalone LMU with own receive antenna
A class 1 LMU is regarded as a BS module which only needs software update in eNB, and no new hardware is introduced. Such requirement for LMU specified in TS36.111 [7] shown in Table 5.1-1:
Table 5.1-1: Test ports and RF requirements applicability (references are to TS 36.111)
	LMU class
	Physical Node
	RF Requirements
	Test Port
	Comments

	1
	BS
	TS 36.104
	A or B
	Test port determined per TS 36.104

	2
	BS
	Degradation of the base station DL performance and base station UL performance may occur when LMU class 2 is co-sited with the base station.
	B
	Test port determined per TS 36.104

	
	LMU
	clauses 5.2-5.8
	A or B
	Test port determined per TS 36.111, 
Figure 5.1-2

	3
	LMU
	clauses 5.2-5.8
	A or B
	Test port determined per TS 36.111, 
Figure 5.1-3


 E-SMLC is already deployed within LTE networks where OTDOA positioning is already supported, and this may be more widely than LTE networks already having LMUs for UTDOA. However, for standalone NB-IoT deployments, there is no legacy installation advantage for OTDOA or UTDOA, and as noted above, a class 1 LMU can be just a software update.
· UE implementation
2) Protocol
From UE perspective for OTDOA, it needs to support LTE Positioning Protocol (LPP) [6] to communicate with E-SMLC via eNB. Some of the messages defined for LPP as follows:
-	Request Capabilities; (from E-SMLC to UE)
-	Provide Capabilities; (from UE to E-SMLC)
-	Request Assistance Data; (from UE to E-SMLC)
-	Provide Assistance Data; (from E-SMLC to UE)
-	Request Location Information; (from E-SMLC to UE)
-	Provide Location Information; (from UE to E-SMLC)
For UTDOA, no additional protocol is added to the UE for the uplink which means UE is transparent when network performs uplink positioning. Since this helps minimize UE implementation effort and code requirement, UTDOA is preferable in this respect.
3) Complexity
For OTDOA, UE needs to process each LPP message carried by NPDCCH and NPDSCH or NPUSCH depending on the message direction. A key difference from UTDOA is that the UE needs to perform physical layer measurements based on existing signals or a newly-designed dedicated reference signal for positioning to get downlink RSTD of up to 24 configured neighbor cells and then report its measurement results to the network. Additionally, considering the measured timing accuracy should be down to “Ts” or nanosecond level for adequate positioning, it requires signal processing effort to find distinguishable peaks at higher sampling rate in UE’s implementation. For UTDOA, UE only needs to transmit some unique positioning signal, where implementation can use processing at lower sampling rates as in current NB-IoT without any complexity increase. Overall, UTDOA is expected to offer the lower UE complexity [2].
4) Power consumption
As seen by using the power consumption model in previous evaluations for NB-IoT UE, transmitting generally consumes around 6 times the power of receiving, thus transmit duration dominates the whole power consumption in one positioning event. For OTDOA, UE should report its measurement results of up to 24 configured neighbor cells to the network by transmitting data packets on NPUSCH, the uplink transmission duration mainly relies on UE’s MCL of its serving cell. For UTDOA, considering not only serving cell but also neighbor cell sites will conduct the measurements for positioning, in worst case we assume UE always transmits reference signal at maximum repetition level to help provide better estimated ToA accuracy. The analysis in [2] shows that OTDOA can have lower power consumption for the UEs under good coverage (MCL=144dB) while UTDOA is better for the UE under extended coverage, especially for those at MCL of 164dB.
5) UE memory
Similarly as the UE complexity analysis above, for OTDOA, UE needs to support LPP protocol, perform RSTD measurements of up to 24 neighbor cells, this possibly requires memory but is not expected to require too much extra compared to an NB-IoT Rel-13 UE. For UTDOA, no additional memory is required for positioning. The two options are nearly balanced here, with a slight advantage expected for UTDOA. 
· Positioning performance
6) Accuracy
Assuming the same multilateration principle is used for geo-location calculation and considering system bandwidth of NB-IoT is same for both uplink and downlink, the achieved accuracy mainly depends on the total SINR which can be achieved on the receiver side for positioning calculation. However, repetition and combination schemes can overcome lower SINR to get better measurement with trade-offs for UE complexity (for OTDOA) and power consumption (for OTDOA and UTDOA). Detailed evaluations on accuracy for different cases are shown for OTDOA in [3] and UTDOA in [4] respectively. The results are summarized below.
Table 2 Summary of horizontal accuracy (meters) for OTDOA
	Operation mode
	40%
	50%
	70%
	80%
	90%

	In-band/guard band
	20.9
	26.73
	44.22
	60.28
	95.54

	Stand-alone
	13.68
	16.19
	25.82
	34.3
	53.21



Table 3 Summary of horizontal accuracy (meters) for UTDOA
	System load
	40%
	50%
	70%
	80%
	90%

	0.1
	11.44
	13.94
	20.81
	26.02
	36.44

	0.5
	20.34
	24.69
	36.41
	47
	67.84

	1.0
	24.74
	30.22
	45.15
	58.06
	82.27


It can be observed both OTDOA and UTDOA can achieve positioning horizontal accuracy of 50 meters at a percentile more than 67%.
7) Network synchronization
Since both OTDOA and UTDOA are based on the measurement of time difference of arrival, imperfect network synchronization seems to have similar impact on positioning accuracy. The unknown timing difference between sites will result in meter-level error on the final estimated geo-location results while perfectly synchronized network will provide best performance for both methods. High-accuracy timing reference and better synchronous network are needed if possible for both options.
8) Air-interface latency
To achieve similar accuracy at same MCL, for OTDOA, downlink measurement duration for one cell is 280 ms for stand-alone case and 2400 ms for in-band and guard band cases [2]. For UTDOA, the uplink transmission duration is around 819 ms for positioning [4]. Considering for OTDOA UE needs to additionally report measurement results via NPUSCH which will consume more than 1000 ms per packet under MCL of 164dB [5], it can be deduced that UTDOA provides a position with lower latency in most cases except the case for UEs under good coverage in a stand-alone deployment where OTDOA is faster, especially if the number of cells for UE measurement is small.
9) Capacity
For the OTDOA positioning, the number of UEs that can be supported to perform measurement by downlink reference signal is unlimited (within reach of the downlink transmission) but the number of UEs is limited by the resources required for measurement report transmission to the network. For UTDOA, the number of UEs is limited by the resources available for UL positioning signal transmission. As summarized in Table 4 below from [5], for extreme coverage (MCL=164dB), UTDOA has a much higher user capacity. For extended coverage (MCL=154 dB), OTDOA has a higher user capacity when the number of reported measured cells is smaller, and UTDOA has a higher user capacity when the number of reported measured cells is larger. For normal coverage (MCL=144dB), OTDOA has a higher user capacity.
Table 4 Summary of OTDOA vs. UTDOA capacity (normalized by UTDOA capacity)
	LPP message payload size of reporting N neighbor cell measurement results (including header and octet padding)
	User number (MCL=144dB)
	User number (MCL=154dB)
	User number (MCL=164dB)

	N=3, ~80Bytes
	4.4
	2.2
	0.27

	N=6, ~120Bytes
	2.9
	1.5
	0.18

	N=16, ~250Bytes
	1.4
	0.7
	0.09

	N=24, ~350Bytes
	1
	0.5
	0.06



.
Summary
We summarize all of the observations briefly in Table 5 as follows.
Table 5 Summary of observations for the comparison of positioning methods
	Impact on
	Aspects
	Observations

	Infrastructure hardware
	1) Network architecture
	OTDOA may have slight advantage in legacy deployments.
LMU for UTDOA can be embedded in eNB with only software update and no new hardware is needed.

	UE implementation
	2) Protocol
	UTDOA is preferable due to no UE protocol implementation.
OTDOA needs to support LPP protocol while none is added for UTDOA.

	
	3) Complexity
	UTDOA is expected to offer the lower UE complexity.
For OTDOA, UE needs to perform measurement and report results for up to 24 cells.

	
	4) Power consumption
	UTDOA has lower power consumption  for UEs under extended/extreme coverage enhancement.
OTDOA outperforms for UEs in normal coverage.

	
	5) Memory
	UTDOA has a slight advantage

	Positioning performance
	6) Accuracy
	Both OTDOA and UTDOA can achieve an accuracy requirement of 50 meters.
Accuracy can be traded-off for UE complexity (for OTDOA) and power consumption (for OTDOA and UTDOA)

	
	7) Network synchronization
	Equal

	
	8) Air interface latency
	UTDOA has lower latency in most cases, except the case for UEs in normal coverage in stand-alone deployment where OTDOA has lower latency especially the number of cells for UE measurement is small 

	
	9) Capacity
	UTDOA supports more UEs in extreme coverage and when the number of reported measured cells for OTDOA is larger in extended coverage.
OTDOA supports more UEs in normal coverage and when the number of reported measured cells for OTDOA is smaller in extended coverage.


Conclusion
In this contribution, we provide an overall analysis from comparison perspective on accuracy, UE complexity and UE power consumption and other relevant aspects to get a more comprehensive understanding. It can be observed that each method has its own merits and even in some aspects they seems equally and not distinct too much. However, for the comparison between OTDOA and UTDOA, here we intend to highlight several observations most import for NB-IoT from the summary table above.
Observation 1: Network hardware requirements
(a) LMU for UTDOA can be embedded in eNB with only software update and no new hardware is introduced. For such implementation, LMU is regarded as a BS under same RF requirement test.
(b) OTDOA may have a slight advantage due to support in more existing LTE deployments than UTDOA.
(c) For standalone NB-IoT deployments, there is no legacy deployment advantage for either UTDOA or OTDOA.
Observation 2: UE protocol implementation and memory requirements
(a) UTDOA needs no new UE protocol implementation.
(b) UTDOA needs no storage of measurements at UE.
(c) OTDOA requires UE implementation for LTE positioning protocol (LPP).
(d) OTDOA requires storage of measurements for up to 24 cells.
Observation 3: UE complexity
(e) UTDOA is expected to offer the lower UE complexity for the positioning procedure.
Observation 4: UE power consumption
(a) UTDOA has lower power consumption for UEs under extended and extreme coverage (i.e. 154 dB MCL and beyond).
(b) OTDOA has lower power consumption for UEs in normal coverage.
Observation 5: Positioning accuracy
(a) UTDOA and OTDOA can achieve a 50 m horizontal accuracy requirement.
(b) Achieving higher accuracy with OTDOA tends to increase UE complexity and power consumption.
(c) Achieving higher accuracy with UTDOA tends to increase UE power consumption.
Observation 6: Network synchronization
(a) UTDOA and OTDOA are expected to perform similarly as a function of network synchronization.
Observation 7: Air-interface latency
(a) UTDOA delivers a positioning calculation with lower latency for all coverage cases in-band and guard band, and extended/extreme coverage for standalone.
(b) OTDOA delivers a positioning calculation with lower latency for UEs in normal coverage in standalone, especially if the number of cells for UE measurement is small.
Observation 8: UE capacity
(a) UTDOA supports more UEs in extreme coverage and when the number of reported measured cells for OTDOA is larger in extended coverage.
(b) OTDOA supports more UEs in normal coverage and when the number of reported measured cells for OTDOA is smaller in extended coverage.
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