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1 Introduction

In RAN1#89, the following agreements are reached on narrowband measurement accuracy improvements [1]:
Agreements:

· For connected mode in the serving cell and idle mode in camped cell and neighbor cells, it is feasible from RAN1 point of view to use NSSS on an anchor carrier for RRM measurement

· RAN4 are requested to consider if NSSS is a suitable transmission

· How to use, i.e. if and/or under what circumstances to combine NRS with NSSS depend on RAN4 study

· Send an LS containing the above to RAN4, including the agreement from RAN1#88bis that “At least NSSS is used additionally to NRS for in-band, guard-band, standalone”

· Continue to study

· CRS for in-band operation mode 
· NPBCH, NPDCCH, NPDSCH on an anchor carrier in the serving cell

· For NSSS-aided measurement accuracy enhancement at least in idle mode, the NSSS-NRS EPRE ratios of serving cell and neighbor cells are signaled to UE by higher layers.

· FFS on details of sets of power offset (e.g., {-3, …, 0, …, 3} in dB}

· FFS on power offset information per-neighbor cell or common for all neighbor cells or common for serving cell and neighbor cells. 

· The possibility to use NSSS is indicated by higher layers.

· Detailed signaling design would be left to RAN2.

In this contribution, the possible power offsets between NSSS and NRS for RRM measurement enhancement are discussed, and the feasibility of other candidates are also analyzed.
2 Power offset between NSSS and NRS
According to the agreements above, for NSSS-aided measurement accuracy enhancement, the NSSS-NRS EPRE ratios of serving cell and neighboring cells should be clarified. NRS transmit power is broadcast in SIB2-NB. For better flexibility to support different scenarios in measurement enhancement, the transmit power of NSSS should be configurable. In general, the NSSS-NRS EPRE ratio can be characterized by the ratio of NSSS transmit power and NRS transmit power, according to the formula below:

[image: image1.wmf] 
From the measurement accuracy perspective, the measurement gain may not be obvious with the EPRE ratio changes in step of 1 dB. To avoid spending unnecessary bits on signaling overhead, the power offset can be configured from, {-3, 0, 3, spare} in dB indicated by 2 bits.
To allow the UE to use the additional signal for measurement enhancement, the EPRE ratio of NSSS to NRS of serving cell as well as that of neighboring cells should be signaled to UE by the serving cell. UE has to consume more power to acquire neighboring cells’ 
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 configuration before RRM measurement, especially in extended coverage. Thus, to save UE’s power consumption, a typical signaling design would be that only the ratio of neighboring cells whose ratio value is different to that of serving cell are signaled by the serving cell, and no ratio signaling implies the same ratio to that of serving cell to save the signaling overhead, detail design should be left to higher layer design.

Proposal 1: The set of power offset between NSSS and NRS is configured from {-3, 0, 3, spare} dB.
Proposal 2: The 
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 of serving cell and neighboring cells with a value different than the serving cell is signaled to UE by serving cell.
3 Feasibility of other candidates other than NSSS
According to the agreements [1], besides NSSS, the feasibility of other candidates, i.e. CRS for in-band operation mode, NPBCH, NPDCCH, NPDSCH on an anchor carrier in the serving cell, should also be analyzed. 
In general, signals used for RRM measurement should be the same between serving cell and neighboring cells,  otherwise the UE may make unsuitable cell (re-)selections. From the perspective of UE complexity, it is not practical to decode NPBCH, NPDCCH and NPDSCH of every neighboring cell, thus they are not suitable to use NPBCH, NPDCCH and NPDSCH only in the serving cell. Furthermore, the content in NPBCH may change in different periods, and the content and presence of NPDCCH and NPUSCH, which are based on scheduling and not always on, are not predictable, all of which will introduce unnecessary additional difficulty for measurement enhancement.

For CRS for in-band operation mode, here we evaluate the measurement accuracy based on CRS+NRS at 164 MCL with UE noise figures 5 dB and 9 dB. The transmit power of NRS is boosted 6 dB over CRS, and other simulation assumptions can be found in [2]. The measurement accuracy 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 dB MCL for in-band operation mode
	Signals
	Measurement accuracy

	
	Noise figure = 5dB
	Noise figure = 9dB

	NRS only
	4.4 dB
	6.8 dB

	NRS + CRS
	5.0 dB
	7.2 dB


It can be seen that the measurement accuracy based on CRS+NRS can be worse than that based on NRS only for both NF values due to the lower CRS transmit power.

Observation 1: NRSRP measurement accuracy based on CRS+NRS can be worse than that based on only NRS in low MCL due to low CRS received power.
Observation 2: NPBCH, NPDCCH, NPDSCH and CRS are not suitable for measurement enhancement.
Proposal 3: 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 set of power offset between NSSS and NRS is configured from {-3, 0, 3, spare} dB.

Proposal 2: The 
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 of serving cell and neighboring cells with a value different than the serving cell is signaled to UE by serving cell.
Proposal 3: Only NSSS additionally to NRS is defined for RRM measurement enhancement during Release 15.
Observation 1: NRSRP measurement accuracy based on CRS+NRS can be worse than that based on only NRS in low MCL due to low CRS received power.
Observation 2: NPBCH, NPDCCH, NPDSCH and CRS are not suitable for measurement enhancement.
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