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In last RAN#72 plenary meeting, WID for enhancement 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
We study on the above three aspects and show the evaluation in other contributions [2][3][4]. In this paper, we intend to provide additional analysis from comparison perspective on the capacity of positioning UE number over the NB-IoT air interface.
Discussion
As discussed in [2], there are big differences in procedure flows between the downlink positioning and the uplink positioning. For OTDOA, UE needs to support LPP protocol to communicate with E-SMLC and performs physical layer RSTD measurement while UE is transparent for UTDOA where no additional protocol is added for the UE and it only needs to receive the configuration from eNB then transmits the configured reference signal.
To simplify the capacity study and do the comparisons for a recommendation to RAN#73, we only focus on the different key steps of OTDOA and UTDOA and omit the common parts. Particularlyy for OTDOA we assume UE is static and has already got the assistance data from E-SMLC thus other LPP messages are not required in every positioning. These steps are summarized in the Table 1.
Table 1 Summary of key procedure flows for positioning
	Positioning method
	Procedure flows
	UE status

	OTDOA
	1) UE is asked for positioning via LPP message OTDOA-RequestLocationInformation
	Receive

	
	2) UE performs RSTD measurement for N neighbor cells
	Receive

	
	3) UE report measurement results for N neighbor cells via LPP message OTDOA-ProvideLocationInformation
	Transmit

	UTDOA
	1) UE get reference signal configuration from eNB
	Receive

	
	2) UE transmit reference signal
	Transmit


Both the first flow of the OTDOA and of UTDOA refer to UE receiving control messages from the network in above table thus we here omit the detail difference of the message size and assume it is not necessary to compare this equivalent common part from the comparison perspective.
Then taking the second flow of OTDOA, it means UE performs measurement based on downlink broadcast reference signals transmitted by base station [5]. The overhead is constant and will not be changed by increasing the number of UEs conducting positioning, which means the supporting number of measurement UE is not limited by this.
Thus for OTDOA, the key limit of capacity over the air interface is the third flow of reporting measurement results via NPUSCH, while for UTDOA transmitting the reference signal is the key limit.
For this comparison, we assume a UTDOA positioning reference signal is transmitted at the maximum repetition number (128) configurable for NPRACH [4], regardless of the actual MCL for any uplink positioning UE. This maximizes the coverage of UTDOA. We can regard this as a minimal capacity baseline where total 48 users within 180 kHz and 819.2 ms frequency-time resource for UTDOA shown in Table 2.
Table 2 Summary of equivalent capacity over the air interface for UTDOA
	Positioning method
	Frequency bandwidth
	Duration (repetition=128)
	User number (single-tone 3.75kHz)

	UTDOA
	180kHz
	819.2ms
	48


For OTDOA, the measurement results report can be regarded as per different level of MCL. We summarize the equivalent capacity within same 180 kHz by 819.2 ms frequency-time resource for different cases in Table 4 where the figures are deduced by NPUSCH demodulation performance as shown in Table 3.
Table 3 NPUSCH demodulation performance for single-tone 3.75 kHz
	MCL
	TBS
	MCS
	RU
	Repetition

	144dB
	328
	7
	3
	1

	154dB
	328
	3
	6
	1

	164dB
	328
	3
	6
	8



Table 4 Summary of equivalent capacity for OTDOA
	Positioning method
	LPP message [6] payload size of reporting N neighbor cell measurement results (including header and octet padding)
	Number  of UEs (MCL=144dB)
	Number  of UEs (MCL=154dB)
	Number  of UEs (MCL=164dB)

	OTDOA
	N=3, ~80 Bytes
	210
	105
	13.1

	
	N=6, ~120 Bytes
	140
	70
	8.7

	
	N=16, ~250 Bytes
	67.2
	33.6
	4.2

	
	N=24, ~350 Bytes
	48
	24
	3


It can be seen from the Table 4 and Table 2, OTDOA can have a higher UE capacity for normal coverage level (MCL=144dB) while UTDOA has higher capacity outperforms for extreme coverage level (MCL=164dB),.For extended coverage level (MCL=154 dB), OTDOA has a higher UE capacity when the number of reported measured cells is small while UTDOA has a higher UE capacity when the number of reported measured cells is large. The capacity of OTDOA normalized by UTDOA is summarized in Table 5. Note that these results are assuming the minimal capacity baseline for UTDOA.
Conclusion
In this contribution, we provide additional analysis from comparison perspective on positioning capacity over the NB-IoT air interface. The observations can be summarized in the following table as follow. 

Table 5 Summary of OTDOA vs. UTDOA capacity (normalized by UTDOA capacity)
	LPP message payload size of reporting N neighbor cell measurement results for OTDOA (including header and octet padding)
	Number of UEs (MCL=144dB)
	Number of UEs (MCL=154dB)
	Number of UEs (MCL=164dB)

	N=3, ~80 Bytes
	4.4
	2.2
	0.27

	N=6, ~120 Bytes
	2.9
	1.5
	0.18

	N=16, ~250 Bytes
	1.4
	0.7
	0.09

	N=24, ~350 Bytes
	1
	0.5
	0.06



Observation 1: For extreme coverage (MCL=164dB), UTDOA has a much higher user capacity.
Observation 2: 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.
Observation 3: For normal coverage (MCL=144dB), OTDOA has a higher user capacity.
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