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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
Positioning is important for supporting many NB-IoT applications. In Rel-13, positioning functionalities are not supported by NB-IoT UEs [1]. In a new WI on New work item proposal: Enhancements of NB-IoT approved in RAN#72, it was agreed to introduce the positioning support for eNB-IoT UEs in Rel-14 with the following objectives [2]:

Positioning:
Introduce E-CID core requirements:
•	RSRP/RSRQ measurement [RAN4 only]
•	UE Rx-Tx time difference measurement [RAN4 only]

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]  
o	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 paper, we will focus on our discussion on eNB-IoT E-CID positioning in Rel-14 based on current RAN1 specification without considering the UTDOA or OTDOA positioning, since it needs  to wait for RAN#73 to decide either uplink positioning or OTDOA will be supported based on RAN1’s study.

E-CID RSRP/RSRQ measurements for Cat-B1 UEs
As shown previously, one of the objectives in the eNB-IoT WI is to specify the requirements for:

· E-CID: RSRP/RSRQ measurement

In Rel-13, intra-frequency measurement period requirements with/without DRX for UE category NB1 are defined in Section 8.14 for both DRX and non-DRX cases. The absolute NRSRP and NRSRQ accuracy requirements are also defined in Section 9.1.22 in TS 36.133. Current requirements have covered the measurement requirements for both  normal and enhanced coverage.

Observation 1: In Rel-13, some performance requirements for intra-frequency NRSRP/NRSRQ measurements are defined, including measurement periods and absolute NRSRP and NRSRQ measurement accuracy. These requirements may be used as the starting point to define E-CID NRSRP/NRSRQ measurement requirements.

Although some performance requirements for intra-frequency NRSRP/NRSRQ measurements, the purpose of defining these requirements is not for E-CID positioning. As a matter of fact, Rel-13 NB-IoT does not support any measurement report. Rel-13 NB-IoT UE is not able to send its intra-frequency NRSRP/NRSRQ measurements to the network. Thus, there is no measurement report delay requirement for NB-IoT intra-frequency NRSRP/NRSRQ measurements.

Observation 2: In Rel-13, NB-IoT does not support measurement reporting. Thus, there is no requirement associated with intra-frequency NRSRP/NRSRQ measurement reporting.



intra-frequency measurement period requirements with/without DRX for UE category NB1 are defined in Section 8.14 for both DRX and non-DRX cases. The absolute NRSRP and NRSRQ accuracy requirements are also defined in Section 9.1.22 in TS 36.133. Current requirements have covered the measurement requirements for both  normal and enhanced coverage.

Currently, the measurement accuracy values for intra-frequency NRSRP/NRSRQ measurements in Section 9.1.22 are all still TBDs. These TBD values are going to be continuously discussed in this meeting. Once these TBD values are decided, we may still need to consider whether these values can be used directly for NRSRP/NRSRQ measurements for E-CID positioning or a different set of accuracy requirements (with the accuracy similar with legacy E-CID RSRP/RSRQ measurements) are needed for supporting E-CID positioning.

Observation 3: The measurement accuracy values for intra-frequency NRSRP/NRSRQ measurements are still TBDs in Rel-13 NB-IoT requirements. Once these values are defined, a further investigation may be need to investigate whether Rel-13 intra-frequency NRSRP/NRSRQ accuracy is good enough for supporting eNB-IoT E-CID positioning.

UE Rx-Tx time difference measurements for Cat-M1 UEs
As also shown previously, another objective in the FNB-IoT WI is to specify the improvements for:

· E-CID: UE Rx-Tx time difference measurement

[bookmark: _Toc383690890]For legacy LTE UEs, UE Rx-Tx time difference measurement requirements are defined in terms of measurement period and measurement reporting delay. For UE Rx-Tx time difference measurement period, the requirements are specified for the following different scenarios:
· No DRX: the measurement period is defined as 200 ms
· With DRX: measurement period is specified in table 8.1.2.7.1-1 in TS 36.133 as function of DRX cycles. 
· With eDRX measurement period is specified in table 8.1.2.7.1-2 in TS 36.133 as function of eDRX cycles

For NB-IoT UEs, UE Rx-Tx time difference measurement requirements should also be defined in terms of measurement period and measurement reporting delay. Considering the measurement bandwidth for NB-IoT is much narrower than legacy LTE UEs, it is expected that NB-IoT UE Rx-Tx time difference measurement period may be longer than that defined for legacy UEs if we are targeting to get the similar UE Rx-Tx time difference measurement accuracy as legacy UEs. 
Observation 4: UE Rx-Tx time difference measurement requirements for legacy LTE UEs covers the scenarios of no DRX, with DRX, and with eDRX. For eNB-IoT UEs, it is expected that the UE Rx-Tx time difference measurement requirements should also be defined to cover these scenarios. The measurement period or delays may be longer than legacy UEs considering the measurement bandwidth for NB-IoT UEs is much narrower that legacy UEs, and NB-IoT is targeting to low-mobility or stationary devices.
[bookmark: _Toc383690892]For legacy LTE UEs, UE Rx-Tx time difference measurement accuracy requirements are defined in Section 9.1.9, where the UE Rx-Tx time difference measurement accuracy degrades from 7Ts with BW ≥10 MHz to 20Ts with BW ≥1.4 MHz. For NB-IoT, the measurement bandwidth is only 180KHz, about 1/7 of the 1.4MHz. If the traditional way for defining UE Rx-Tx time difference measurement accuracy was followed, the NB-IoT Rx-Tx time difference measurement accuracy might be defined much worse than the accuracy defined for 1.4MHz, which is clearly undesirable for the purpose of E-CISD positioning. 
Observation 5: For legacy Rx-Tx time difference measurement accuracy is defined depending on measurement bandwidth. The performance degrades from 7Ts with BW ≥10 MHz to 20Ts with BW ≥1.4 MHz. For eNB-IoT, it is undesirable for the further degradation due to narrower bandwidth of 180KHz. Further investigation is need on how to trade off the measurement delays with the measurement accuracy. 
The reporting range of UE Rx - Tx time difference for legacy UEs is defined from 0 to 20472Ts in Table 9.1.9.2-1 in TS 36.133. For NB-IoT UEs, the same table measurement report mapping table should be applicable. 
Observation 6: The measurement report mapping table for legacy LTE UE Rx-Tx time difference measurements as defined in Table 9.1.9.2-1 in TS 36.133 should be applicable to eNB-IoT UE Rx-Tx time difference measurements.
Impact of the Operation Modes
NB-IoT may work under different option modes: In-Band, Guard-Band and Standalone. From positioning point of view, it is desirable to have the same set of requirements for all these modes from system development, tests, as well as applications.  
Observation 7: It is desirable to have the same set of E-CID performance requirements for eNB-IoT UEs in all three operation modes.
Conclusions
In this paper we discussed eNB-IoT E-CID positioning. Based on the discussion, it was proposed that
Proposal 1: Use Rel-13 intra-frequency NRSRP/NRSRQ measurement requirements (measurement period and accuracy) as the starting point for E-CID NRSRP/NRSRQ measurement requirements;
Proposal 2: Add NRSRP/NRSRQ measurement delay requirements for E-CID positioning;
Proposal 3: Investigate whether Rel-13 NRSRP/NRSRQ measurement accuracy (which are still TBDs) are good enough for supporting eNB-IoT E-CID positioning;
Proposal 4: Allow longer measurement delays for eNB-IoT UE Rx-Tx time difference measurements to improve measurement accuracy due to 180MHz measurement bandwidth and low-mobility of NB-IoT devices;
Proposal 5: Investigate the possibility of defining NB-IoT Rx-Tx time difference measurement accuracy to be similar with that for legacy UE with 1.4MHz BW;   
Proposal 6: Re-use the measurement report mapping table for legacy LTE UE Rx-Tx time difference measurements for eNB-IoT UE Rx-Tx time difference measurements.
Proposal 7: Investigate the possibility to define the same set of E-CID performance requirements for eNB-IoT UEs in all three operation modes.
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