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1 Introduction

In RAN1#88bis, the following agreements are reached on narrowband measurement accuracy improvements [1]:
Agreements:

· At least NSSS is used additionally to NRS for in-band, guard-band, standalone.

· FFS details of related signaling

· Additional candidates can be NPSS, NPBCH, NPRS, PRS (in-band), CRS (in-band),  physical signal that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH (if standardized) and the performance improvements should be evaluated until RAN1#89

· Among the additional candidates, companies are recommended to prioritise CRS (in-band)

· FFS if the existing signal(s)/channel(s) used additionally to NRS can be different in the serving cell to a neighbor cell

· FFS for RRC connected mode where at least the NPDCCH could be helpful for narrowband measurement accuracy improvement

· FFS details of how UE is informed of differing EPRE between signals

In this contribution, the possible signaling related to NSSS for RRM measurement enhancement is discussed, and the feasibility of other candidates are also analyzed.
2 Signaling related to NSSS for measurement enhancement
In NB-IoT Rel-13/14, the RRM measurement is only based on NRS, and NRS transmit power is broadcast in SIB2-NB. According to the agreements above, NSSS is introduced for measurement enhancement. To use NSSS additionally to NRS for NRSRP measurement enhancement, the transmit power relationship between NSSS and NRS should be clarified. Without losing generality, the relationship can be characterized by the ratio of NSSS transmit power and NRS transmit power, as the formula below:
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is configurable, the ratio should be informed to UE for RRM measurement enhancement. Furthermore, RRM measurement for RRC_IDLE UE to perform cell (re)selection involves multiple cells, the 
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 of serving cell may be different to that of the neighbor cell. UE has to consume more power to acquire neighbor cell’s 
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 configuration before RRM measurement, especially in extended coverage. Thus, to save UE’s power consumption, the EPRE ratio between NSSS and NRS of neighbor cell should be informed to UE for measurement enhancement. A typical signalling design would be that only the ratio of neighbor cells whose ratio value is different to that of serving cell are signalled by serving cell, and no ratio signalling implies the same ratio to that of serving cell to save the signaling overhead, detail design should be left to higher layer design.

Observation 1: If the EPRE ratio between NSSS and NRS is configurable, the EPRE ratio of neighbor cells should be informed to UE for measurement enhancement as well as the ratio of serving cell.
Proposal 1: The EPRE ratio between NSSS and NRS of neighbor cells is indicated to the UE as well as the ratio of serving cell, detailed signaling is left to higher layer design.
3 Feasibility of other candidates other than NSSS
Besides NSSS, candidates used for measurement enhancement can be NPSS, NPBCH, NPRS, PRS (in-band), CRS (in-band) and the power-saving wake-up signal. These candidates can be classified into two types:

1) Type 1 candidate signals may not always exist in all cells. NPRS, PRS and the power-saving wake-up signal (if standardized) are configurable, and for CRS, not all cells are in-band mode. Thus there is no guarantee that the 4 candidates above always exist in all cells. In general, signals used for RRM measurement should be the same between serving cell and neighbor cells, if different, the UE may make unsuitable cell (re-)selections. Thus signals belong to type 1 are not feasible for RRM measurement enhancement. 
2) Type 2 candidate signals always exist in all cells. NPSS, NPBCH belong to type 2. To be more specific, for NPSS, there is only one NPSS sequence, which cannot be differentiated between cells, and the measured NRSRPs of serving cell and neighbor cells cannot reflect the real values of NRSRP due to the difficulty of interference detection. The measurement error will be larger if NPSS is used. For NPBCH, it is not practical to decode NPBCH of every neighbor cell, and for serving cell, if NPBCH is used, it will bring the same problems like candidates belong to type 1. Furthermore, the content of NPBCH may change in different periods, this will introduce additional difficulty for measurement enhancement.

As for NPDCCH used for RRC connected measurements, NPDCCH is based on scheduling and its content is different every time, which will introduce additional difficulty to perform measurement. Furthermore, it is not practical for UE to decode NPDCCH of every neighbor cell, and different signals used for measurement will bring the same problems like candidates belong to type 1.

In the agreements above, for in-band operation mode, consideration of CRS is prioritized for measurement enhancement. Here we evaluate the measurement accuracy based on CRS+NRS at 164 MCL with UE noise figure 5 dB and 9 dB. The transmit power of NRS is boosted 6 dB over CRS according to 36.104, and other simulation assumptions can be found in [2]. The measurement accuracy in Table 1 is derived from the maximum value obtained at the 5th and 95th percentiles of CDF in the simulation. The measurement accuracy based on CRS+NRS taking RF margin into consideration are shown in Table 1 compared to that based on NRS only. 

Table 1 Comparison of NRSRP measurement accuracy between CRS+NRS based and NRS only based at 164 MCL for in-band operation mode
	Measurement accuracy
	Noise figure = 5dB
	Noise figure = 9dB

	NRS only
	4.4 dB
	6.8 dB

	NRS + CRS
	5.0 dB
	7.2 dB


From the results, we can see that the measurement accuracy based on CRS+NRS is worse than that based on NRS only for both NF values due to the lower CRS transmit power..
Observation 2: NRSRP measurement accuracy based on CRS+NRS is worse than that based on NRS only due to low CRS transmit power.
Observation 3: NPSS, NPBCH, NPRS, PRS, CRS and physical signal are not useful for measurement enhancement.
Proposal 2: Only NSSS additionally to NRS is defined for RRM measurement enhancement during Release 15.
4 Conclusions
In this contribution, the possible signaling related to NSSS for RRM measurement enhancement is discussed, and the feasibility of other candidates are also analyzed. Below are the proposals and observations:
Proposal 1: The EPRE ratio between NSSS and NRS of neighbor cells is indicated to the UE as well as the ratio of serving cell, detailed signaling is left to higher layer design.
Proposal 2: Only NSSS additionally to NRS is defined for RRM measurement enhancement during Release 15.
Observation 1: If the EPRE ratio between NSSS and NRS is configurable, the EPRE ratio of neighbor cells should be informed to UE for measurement enhancement as well as the ratio of serving cell.

Observation 2: NRSRP measurement accuracy based on CRS+NRS is worse than that based on NRS only due to low CRS transmit power.
Observation 3: NPSS, NPBCH, NPRS, PRS, CRS and physical signal are not useful for measurement enhancement.
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