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1. Introduction

According to the WID [1], positioning is one of the objectives of the NB-IOT enhancement. This contribution provides discussion on this issue.
2. Discussion 
In August meeting, it is agreed to strive towards horizontal accuracy of 50 m for 67% of NB-IoT UEs in RAN1 [2]. According to the WID [1], both E-CID positioning and OTDOA/UTDOA positioning are supported. 

2.1.1 E-CID RSRP/RSRQ measurement
For legacy LTE UEs, the requirements including measurement period and measurement accuracy for E-CID RSRP/RSRQ measurement are the same with the requirements for RSRP/RSRQ measurement. For Rel-13 NB-IoT UEs, the measurement periods for normal coverage and extended coverage are [400] ms and [800] ms respectively. And the measurement accuracy is under discussion. Considering the bandwidth is only one PRB and the NRS occasions in in-band mode are less than in other modes, the Rel-13 NB-IOT measurement accuracy may not meet the positioning demand. If the accuracy requirements are specified, it is necessary for RAN4 to evaluate whether the measurement accuracy can meet the positioning demand.

Observation 1: it is necessary for RAN4 to evaluate whether the Rel-13 NB-IOT UE NRSRP/NRSRQ measurement accuracy could meet the positioning demand.

If the positioning accuracy cannot be met, enhancement of measurement performance is needed. In order to improve the measurement performance, following options could be considered:

Option 1: NRSRP is measured based on NRS REs, extend the measurement period.

Option 2: NRSRP is measured based on the combination of NRS and other signals (eg, NSSS)

Option 3: NRSRP is measured based on new signals or new NRS design.

For option1, there is power consumption impact and the enhancement of measurement performance may be limited. What’s more, the mobility is also one of the objectives of the WI. Longer measurement period may have impact on cell re-selection or handover. It is not preferred to increase measurement performance by extending measurement period.
For option 2, first of all, it is necessary for RAN4 to evaluate whether the NRSRP measurement based on NRS and NSSS could meet the positioning accuracy. On the other hand, there is transmit power issue, since UE cannot make the assumption that NRS and NSSS are always transmitted using the same transmit power per resource element. If option 2 is adopted, the transmit power issue needs to be resolved. 
For option 3, there may be large standard impact and it may be not supported by Rel-13 NB-IOT UEs. 
Observation 2: if the Rel-13 NB-IoT NRSRP/NRSRQ measurement accuracy cannot meet the positioning accuracy, it is better to for RAN4 to evaluate whether the NRSRP measurement based on NRS and NSSS could meet the positioning accuracy.

2.1.2 E-CID UE Rx-Tx time difference measurement

For legacy LTE UEs, the requirements of UE Rx-Tx time difference measurement include measurement period, measurement accuracy and reporting period. The measurement period is 200ms when no DRX is used. The measurement accuracy is depending on transmission bandwidth. The measurement accuracy is +-7Ts for BW>=10MHz, while the accuracy degrades to +-20Ts for BW >= 1.4MHz. For NB-IoT, the transmission bandwidth is only 180 KHz, it can be expected that the measurement accuracy for NB-IOT UE Rx-Tx time difference may be worse than +-20Ts, which may not meet the positioning accuracy. 
Observation 3: considering the narrow transmission bandwidth, the measurement accuracy of UE Rx-Tx time difference measurement may not meet the positioning accuracy. Further discussion is needed on how to enhance NB-IOT UE Rx-Tx time difference measurement performance.
One simple solution is to extend the measurement period in order to obtain better measurement performance. However, the long measurement period may have impact on power assumption and mobility performance, which should be considered in the positioning discussion. 
Observation 4: considering mobility is supported for Rel-14 NB-IoT UEs, the longer measurement period may have impact on mobility performance, which needs to be considered in the discussion of measurement performance of UE Rx-Tx time difference measurement.

2.3 OTDOA/UTDOA

According to the revised WID [3], both OTDOA and UTDOA need to be considered. 
For legacy LTE UEs, the requirements for OTDOA include measurement period and measurement accuracy. The RSTD is performed based on PRS and the measurement accuracy is related to measurement bandwidth. When 1.4MHz =< BW < 3MHz, the accuracy is +-15Ts for intra-frequency RSTD measurement, and the value is +-21Ts for inter-frequency RSTD measurement. 
In order to support OTDOA for NB-IOT, it is necessary to identify the required requirements. From our point of view, the requirements should include measurement period and measurement accuracy, which is same as the requirements of legacy LTE UEs. 

Observation 5: the NB-IOT OTDOA requirements should include measurement period and measurement accuracy.

For Rel-13 NB-IOT, there is no PRS. According to the WID [3], there are two ways to support OTDOA. One is to reuse the NB-IoT Rel-13 signals. The other one is to design a new signal. Whether to introduce new signal is up to RAN1’s decision. From RAN4’s point of view, in order to make progress, it is better to evaluate whether the NB-IOT Rel-13 signals based OTDOA measurement could meet the 50meters positioning accuracy. Considering the positioning requirements are the same for all the three operation modes, the Rel-13 signals which could be used for RSTD measurement are NRS or/and NSSS. 

Observation 6: Since there is no PRS in Rel-13 NB-IOT and whether to introduce new signal is up to RAN1’s decision. It is better for RAN4 to evaluate whether the NRS or/and NSSS based OTDOA measurement could meet the 50meters positioning accuracy.
For legacy LTE UEs, the requirements for UTDOA include measurement time and measurement accuracy [4]. For NB-IOT UTDOA, the same requirements should be specified.
Observation 7: the NB-IOT UTDOA requirements should include measurement period and measurement accuracy.
For legacy LTE UEs, the UL positioning is performed based on SRS signals. However, there is no SRS in Rel-13 NB-IOT. And according to the WID [3], the UTDOA positioning should be used by Rel-13 UEs. So it is possible to perform UTDOA based on PRACH preambles. In order to make progress, it is better to evaluate whether the PRACH preamble based UTDOA measurement could meet the positioning accuracy.
Observation 8: Since there is no SRS in Rel-13 NB-IOT. It is better for RAN4 to evaluate whether the PRACH preamble based UTDOA measurement could meet the 50meters positioning accuracy.
3. Conclusion
This contribution provides discussion on NB-IOT positioning and the observations are:
Observation 1: it is necessary for RAN4 to evaluate whether the Rel-13 NB-IOT UE NRSRP/NRSRQ measurement accuracy could meet the positioning demand.

Observation 2: if the Rel-13 NB-IoT NRSRP/NRSRQ measurement accuracy cannot meet the positioning accuracy, it is better to for RAN4 to evaluate whether the NRSRP measurement based on NRS and NSSS could meet the positioning accuracy.

Observation 3: considering the narrow transmission bandwidth, the measurement accuracy of UE Rx-Tx time difference measurement may not meet the positioning accuracy. Further discussion is needed on how to enhance NB-IOT UE Rx-Tx time difference measurement performance.

Observation 4: considering mobility is supported for Rel-14 NB-IoT UEs, the longer measurement period may have impact on mobility performance, which needs to be considered in the discussion of measurement performance of UE Rx-Tx time difference measurement.

Observation 5: the NB-IOT OTDOA requirements should include measurement period and measurement accuracy.

Observation 6: Since there is no PRS in Rel-13 NB-IOT and whether to introduce new signal is up to RAN1’s decision. It is better for RAN4 to evaluate whether the NRS or/and NSSS based OTDOA measurement could meet the 50meters positioning accuracy.

Observation 7: the NB-IOT UTDOA requirements should include measurement period and measurement accuracy.
Observation 8: Since there is no SRS in Rel-13 NB-IOT. It is better for RAN4 to evaluate whether the PRACH preamble based UTDOA measurement could meet the 50meters positioning accuracy.
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