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Introduction 
Rel-14 included WIs for both eMTC and NB-IoT enhancements to continue the work of Rel-13 IoT WIs. The justification for further improvements arises when considering practical applications and use-cases for IoT. It is predicted that under the segment of wearables and IoT, many of the devices will require positioning with cellular connectivity (e.g. asset trackers, kids smart-watch, etc.). Rel-14 does include positioning enhancements for IoT devices, both for eMTC devices and NB-IoT. These enhancements are mostly concerns the physical layer aspects.
In this contribution we explore higher layers consideration positioning techniques for IoT and examine what are the implications on UE complexity and power consumption. We present the drawbacks of simply re-using the currently specified techniques and describe how we believe these techniques can be optimized for IoT UE.  
Positioning Procedures
Positioning Procedures enhancements
LTE position protocol (LPP), defines highly flexible positioning procedures. Most of the procedures have optional solicited flavor and unsolicited flavor. Procedures can be combined into larger procedures. And reordering of the procedures is possible. The procedures are executed over a unicast channel.
However this flexibility comes in the cost of multiple unicast LPP signaling sessions in which the UE is connected to the NW receiving and transmitting positioning related information which could be power inefficient.  From IoT application PoV the tradeoff between flexibility on one side and power consumption on the other side is not balanced. 
Despite the flexibility allowed by LPP, it is expected that procedures will normally occur in the following order:
1. Capability Transfer;
2. Assistance Data Transfer;
3. Location Information Transfer (measurements and/or location estimate).
If the location client is the IoT terminal (MO-LR), than we should also take into account the LCS procedures (which are not part of LPP):
0. Location Service Request
4. Location Service Response
For each of the above procedures, the UE needs to be connected to the NW, either to stay connected to the NW throughout the complete procedural flow or to reconnect on each step. In order to reduce power consumption it would be beneficial to reduce the connected time as well as the number of times the UE needs to reconnect to the NW. 
For example, in [1] it was suggested to introduce assistance data broadcasting over SI. If the UE performs the positioning measurements while in RRC_IDLE then the UE does not need to connect to the NW until the measurements are completed and the connection time is reduced to the location information transfer procedure duration. This method could be beneficial for IoT application which are not sensitive to positioning acquisition latency e.g. asset tracker device. For application which are sensitive to latency e.g. if e911 is supported, assistance data transfer over LPP should be also supported.
Arguably, capability transfer is not a frequent procedure if the E-SMLC is assumed to save the UE capabilities between location sessions, but if we seek to optimize also this step, then we can consider e.g. extending the NAS capabilities to include also location capabilities and enhanced the SLs (MME/E-SMLC) interface accordingly.
Location information transfer could also be redundant if we rely on UE based positioning. UE based positioning is supported for GNSS positioning method where the GNSS SoC is able to compute the location. However it is assumed many of the IoT applications would rely on other positioning methods such as OTDOA and UTDOA.  
Finally, if the UE is preforming steps 2, 3 autonomously (and possibly step 1 too) it is technically possible to perform a complete autonomous location acquisition without steps 0, 4 for Mobile Originated Location Requests. This is however out of RAN scope.
Power consumption analysis
For power consumption analysis we consider both trackers with long and short positioning periodicity. The UE power consumption for assistance data acquisition is provided in Table 1.
	 
	Pwr Units * sec
	Avg mili Pwr Units
long/short

	SIB acquisition
	2
	2.31481E-05
	0.000185185

	unsolicited assistance acquisition
	20
	0.000231481
	0.001851852

	solicited assistance acquisition
	45.5
	0.00052662
	0.004212963


Table 1: Assistance acquisition power (UE assisted)
We have compared three methods for assistance acquisition. SI broadcast, unsolicited assistance acquisition over LPP/NAS and solicited assistance acquisition over LPP/NAS. The Energy spent for assistance data acquisition is then averaged over the data refresh period which is assumed to be at least 3H. 
For the complete power consumption evaluation we have considered three methods:
a. A non-optimized OTDOA positioning calculation with solicited assistance acquisition. 
b. OTDOA positioning calculation with broadcasted NW assistance over SI
c. UE based OTDOA positioning calculation with broadcasted NW assistance over SI
The results are given in Table 2 for a CAT-M1 device in NC.
	 
	Pwr Units * sec w/o assistance acquisition
	Avg Pwr Units (w/ assistance)
long/short

	positioning w/o optimization (solicited)
	188
	0.002702546
	0.213101852

	positioning w/ assistance BC
	188
	0.002199074
	0.209074074

	autonomous  (UE based) 
	50
	0.000601852
	0.055740741


 Table 2: complete positioning flow power
It could be seen that UE assisted positioning with SI positioning assistance data acquisition provide power saving benefit over UE assisted positioning with LPP/NAS solicited assistance acquisition though the benefit is most evident for the daily tracker since each daily positioning begins with assistance data acquisition.
The most significant power saving is seen for autonomous, UE based positioning. This is due to a much shorter awake time. The power saving is evident for both the frequent tracker and the daily tracker.  
Observation 1:	Positioning assistance data acquisition over SI allows UE power saving mostly for long periodicity trackers applications.
Observation 2:	Autonomous, UE based positioning with assistance data acquisition over SI demonstrates the most significant power saving potential.

Positioning Protocols SW stack
LPP
As mentioned above LPP provide high level of flexibility by supporting several flavors for each procedure e.g. solicited capability transfer vs. unsolicited capability transfer. 
LPP also provide support for many optional features e.g. the following positioning methods are supported (as of Rel-13) [2]
-	network-assisted GNSS methods;
-	downlink positioning;
-	enhanced cell ID method;
-	uplink positioning;
-	barometric sensor method;
-	WLAN method;
-	Bluetooth method;
-	Terrestrial Beacon System method.
Furthermore, each positioning method could have many optional flavours e.g. the GNSS assistance data is combined of multiple options to support different GNSS systems in different operation modes. Ultimately this result with a very rich LPP structure while a certain IoT application would use a very little portion of the LPP capabilities.
On the other hand, since LPP is using ASN.1 to specify the message syntax, the UE have to consider the complete set of LPP IEs to allow correct LPP parsing.
Observation 3:	a typical IoT application would use a small subset of the LPP IE set but would have to consider the complete LPP IE set.
The LPP SW size has a direct implication on the UE memory size and therefore on the IoT UE complexity. It would be beneficial to study a method to allow the UE to implement only the subset of the LPP structure it actually need for its operation e.g. the UTDOA/OTDOA/GNSS related messages only and only part of the vast optional IEs of each positioning method.
LPP/SUPL Vs LPP/NAS
Similar to LPP SW stack but to a further degree, the OMA SUPL SW implementations are considered very big, especially in compare to the alternative NAS implementation. The memory (Flash and RAM) required for SUPL implementation is in the range of 5MB-10MB which is obviously incompatible with IoT applications expectations. It is clear OMA SUPL is out of 3GPP scope and 3GPP shouldn’t and couldn’t limit LPP/SUPL operation however at least in the scope of IoT optimization it is recommended no to take LPP/SUPL into consideration.
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Appendix
A.2 system load analysis assumption 
	positioning ratio slow/fast
	[bookmark: RANGE!C5]1440
	[bookmark: RANGE!D5]15
	min

	LPP delay
	[bookmark: RANGE!C6]50
	ms 

	PRS measurements
	[bookmark: RANGE!C7]50
	ms

	SIB acquisition time (ms)
	[bookmark: RANGE!C9]2
	ms

	SIB periodicity
	1.28
	sec

	P-Rx
	[bookmark: RANGE!D4]1
	PU (Power Unit)

	P-Tx (average)
	1.5
	PU (Power Unit)

	P-short_sleep (CDRX)
	[bookmark: RANGE!D7]0.1
	PU (Power Unit)

	burst size UL (e.g. measurement transmission)
	[bookmark: RANGE!C4]1
	ms

	burst size DL (e.g. LCS request reception)
	1
	ms

	active time (per burst)
	20
	ms
	




