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Introduction
[bookmark: _Ref421460494]At RAN#75 it was agreed to start the Release 15 work item on Further NB-IoT enhancements. In this paper we address the objective on measurement accuracy improvements [1]:
· Evaluate and if appropriate specify use of additional existing signals than NRS for RRM measurements, with associated RAN4 core requirements taking into account e.g. UE complexity, power consumption, system capacity.
The scope of this paper is to identify items that may improve the RSRP measurement accuracy.
Discussion
NB-IoT RSRP measurements for cell (re)selection, NPRACH CE level, and UL open loop power control are all based on the UE NRSRP measurement accuracy. Inaccurate NRSRP estimates will lead to inaccurate selection of cell, CE level and uplink power. In Release 13 NB-IoT NRSRP measurement requirements have been relaxed to the point where they tolerate measurement errors above ±10 dB. Discussions are now ongoing in RAN4 on UL power accuracy and a tolerance in the range of ±15 dB is under consideration. These high tolerances may impact the stability of NB-IoT system operation, especially in extended coverage, and lead to a waste of radio resources and dropped connections. 
To address this critical issue RAN1 needs to consider means to improve the UE measurement accuracy. In idle mode it is natural to study the improvement potential from using the NPSS and NSSS signals in addition to the NRS for measuring RSRP.
Observation 1: For idle mode measurements NPSS and NSSS may be considered in addition to the NRS for measuring RSRP.
It should also be considered to make more efficient use of the existing NRS transmission. A serving cell may e.g. broadcast neighboring cell information in terms of:
· NB-IoT mode of operation (inband, guardband, standalone),
· NRS antenna port configurations, and
· valid sub-frame configuration.

This will allow the device to improve its neighbor cell NRS measurements which today typically can be assumed to be based on NRSs in subframes 0, 4 and 9 not containing NSSS. If possessing the above information for the neighboring cells the minimum set of measurement subframes can be expanded. For guardband and standalone NRS is e.g. always transmitted in subframes 0, 1, 3, 4, and 9 not containing NSSS.
Observation 2: A NB-IoT UE may improve its neighbor cell RSRP measurements if knowing the neighbor cell mode of operation, antenna port configuration and valid sub-frame configuration.
Based on Observation 2 it is proposed that RAN1 sends a LS to RAN2 to inform them about this observation, and kindly asks them to take this into consideration.
Proposal 1: RAN1 to send a LS to RAN2 to inform them about the potential to improve NRSRP measurements in neighbor cells through the signaling of neighbor cell mode of operation, antenna port configuration and valid sub-frame configuration.
In Release 13 one reason for not allowing RSRP measurements on NPSS/NSSS was that different power may be configured on the NPSS/NSSS compared to the NRS. It is our understanding that NPSS/NSSS is typically configured with a high output power to secure robust UE synchronization to these physical signals. Since NRSRP measurements are only permitted on the NRS, it’s also natural to use the same high output level on these physical signals. We do therefore not see this as a blocking issue for specifying measurements on the NPSS/NSSS in addition to the NRS. 
Observation 3: It is expected that the NPSS/NSSS are configured with a similar, or the same, output power as the NRS. This should facilitate parallel NRSRP measurements on the NPSS/NSSS and NRS. 
Also the measurement accuracy in connected mode is highly important. This to support efficient NPUSCH power control and robust RLF performance. Also in connected mode measurements on NPSS/NSSS may be considered to improve the UE performance.
Observation 4: For connected mode measurements NPSS and NSSS may be considered in addition to the NRS for measuring RSRP.
Conclusion
In this paper we start the discussion around the potential of improving NB-IoT RSRP measurement accuracy. We make the following observations and proposal:
Proposal 1: RAN1 to send a LS to RAN2 to inform them about the potential to improve NRSRP measurements in neighbor cells through the signaling of neighbor cell mode of operation, antenna port configuration and valid sub-frame configuration.
Observation 1: For idle mode measurements NPSS and NSSS may be considered in addition to the NRS for measuring RSRP.
Observation 2: A NB-IoT UE may improve its neighbor cell RSRP measurements if knowing the neighbor cell mode of operation, antenna port configuration and valid sub-frame configuration.
Observation 3: It is expected that the NPSS/NSSS are configured with a similar, or the same, output power as the NRS. This should facilitate parallel NRSRP measurements on the NPSS/NSSS and NRS. 
Observation 4: For connected mode measurements NPSS and NSSS may be considered in addition to the NRS for measuring RSRP.
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