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1. Introduction

In RAN #75 meeting, new Rel-15 work item of NB-IoT enhancement was agreed [1]. The scope of work item includes potential enhancement of RRM measurement using additional existing signals than NRS as follows.

	Narrowband measurement accuracy improvements [RAN1, RAN4, RAN2]

· 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.


Referring to the discussion in [2], NRSRP inaccuracy of a NB-IoT UE in a deep coverage can range around (10 dB and it may be desirable to study the possible design options for RRM measurement enhancement so as to estimate potential improvements and required standardization works.

In this paper, we discuss the potential design options for enhancing RRM measurement of NB-IoT UEs based on existing signals other than NRS. 
2. Potential enhancement of NRSRP measurement
2.1. Candidate signals for NRSRP measurement enhancement
In this section, we discuss candidate signals for RSRP measurement other than NRS if enhancement of NRSRP measurement is to be introduced in Rel-15 NB-IoT.
1) NPSS

· NPSS is not appropriate for RSRP measurement since all the NB-IoT cells transmit same NPSS sequence.
2) NSSS

· NSSS can be used for RSRP measurement since it occupies sufficient REs to enhance the measurement accuracy and sufficient number of cells can be distinguished by different NSSS sequences.
3) NPBCH

· NPBCH can be used for a NB-IoT UE’s serving cell, but may not be suitable for neighbour cell’s RSRP measurement since decoding of neighbour cell’s NPBCH may not be always possible and the complexity would be quite a burden for NB-IoT UEs.

4) CRS

· CRS can be used for the case of in-band and same cell ID deployment. In this case, larger bandwidth than 180kHz may be used for RSRP measurement with CRS.

5) (N)PRS

· (N)PRS can be used only for the NB-IoT UEs with positioning capability. In case of PRS, larger bandwidth than 180 kHz may be used for RSRP measurement.

6) NRS in non-anchor carrier

· NRS or other DL signals in a non-anchor carrier can be used for RSRP measurement of an anchor carrier.

Among the candidate signals above, NSSS seems to be the most appropriate signal for assistant NRSRP measurement of a NB-IoT carrier in respect of general deployment scenarios.
Proposal 1: For the enhancement of NRSRP measurement accuracy, consider NSSS as baseline. Use of other signals or signals in non-anchor carriers is FFS.
2.2. Standard supports for the NRSRP measurement enhancement
If an additional signal (such as NSSS) is used to enhance NRSRP measurement accuracy in Rel-15, assistant information regarding enhanced NRSRP measurement should be provided for Rel-15 UEs. The following contents should be discussed further.
1) Indication of enhanced NRSRP measurement support
Since even Rel-15 NB-IoT UEs don’t know whether the transmit power or precoding for the additional signal can be assumed to aligned with NRS, eNB should indicate whether the additional signal can be used for NRSRP measurement or not. However, this information may be implicitly conveyed by other assistance information regarding additional signal for enhanced NRSRP measurement.
2) Transmission power of additional signal for NRSRP measurement

In order to combine the reception power of the additional signal and NRS appropriately, NB-IoT UE should know transmit power of relative power offset of the additional signal compared to the NRS. This information is also necessary to calculate path loss based on the additional signal for UL open-loop power control.
3) How to combine NRS and additional signal for NRSRP measurement

If network can guarantee same antenna port and same precoding for the additional signal and NRS, UE can combine the additional signal and NRS coherently to achieve more noise suppression.

Proposal 2: If additional signal is used to enhance NRSRP measurement accuracy in Rel-15 NB-IoT, at least the following information should be provided by network to the NB-IoT UEs
· Indication of enhanced NRSRP measurement support

· Transmission power of additional signal for enhanced NRSRP measurement

3. Conclusion
In this contribution, we discussed design options for potential enhancements of NRSRP measurement enhancements in Rel-15 NB-IoT. The proposals in this contribution are summarized as follows.
Proposal 1: For the enhancement of NRSRP measurement accuracy, consider NSSS as baseline. Use of other signals or signals in non-anchor carriers is FFS.

Proposal 2: If additional signal is used to enhance NRSRP measurement accuracy in Rel-15 NB-IoT, at least the following information should be provided by network to the NB-IoT UEs

· Indication of enhanced NRSRP measurement support

· Transmission power of additional signal for enhanced NRSRP measurement
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