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1 Introduction

In RAN#75, a new WID for further NB-IoT enhancements was approved, and the following was agreed on narrowband measurement accuracy improvement [1]:
Narrowband measurement accuracy improvements

· 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.

In NB-IoT R14, NRSRP and NRSRQ are measured based on NRS. The NRS REs have a somewhat sparse distribution, so there may be ways to increase measurement accuracy by using additional REs, i.e. additional (existing) signals for measurement. Accordingly, in this contribution, we discuss existing candidates of measurement reference signal to improve the measurement accuracy.
2 Existing NRSRP/NRSRQ measurement based on NRS
NRSRP/NRSRQ are usually used for cell selection, cell reselection and coverage level selection in RRC IDLE mode in NB-IoT system, as well as UL power control. High NRSRP/NRSRQ measurement accuracy is valuable for UEs to make more suitable selections. In NB-IoT, the measurement of NRSRP/NRSRQ is based on NRS, and the REs patterns of NRS with 1 and 2 antenna ports are shown in Figure 1:
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Figure 1 Mapping of downlink narrowband reference signals (normal cyclic prefix)
The measurement requirement of NRSRP and NRSRQ in specification 36.133 [2] are summarized in Table 1:
Table 1 Summary of NRSRP and NRSRQ measurement accuracy requirements for category NB1

	Accuracy requirement
	Side condition on Ês/Iot
	Measurement accuracy (dB)
(normal condition)
	Measurement accuracy (dB)
(extreme condition)

	Intra-frequency absolute NRSRP accuracy
	(-15

Ês/Iot

(-6 dB
	([12.3]
	([15.3]

	Inter-frequency absolute NRSRP accuracy
	(-15

Ês/Iot

(-6 dB
	([12.3]
	([15.3]

	Intra-frequency absolute NRSRQ accuracy
	(-15

Ês/Iot

(-6 dB
	([11.5]
	([14.5]

	Inter-frequency absolute NRSRQ accuracy
	(-15

Ês/Iot

(-6 dB
	([11.5]
	([14.5]


NRSRP/NRSRQ is measured based on NRS, and its occupied bandwidth, 180 kHz, is much less than CRS in LTE system, this directly leads to lower measurement accuracy. The NB-IoT UE may make an unsuitable cell or resource selection, or power control calculation, when the accuracy is too low. In order to improve the measurement accuracy of NRSRP/NRSRQ, an intuitive way is to increase the density of measurement signal REs while keep the bandwidth unchanged.
3 Improvement of measurement accuracy 
3.1  Candidates of reference signal for measurement accuracy improvement
Theoretically, any downlink signals can be used for NRSRP/NRSRQ measurement. However, for ease of measurement, the reference signal should have the following characteristics: a fixed location, known content, and periodic presence on the air. From this point of view, NPSS and NSSS can be considered. However, there is only one NPSS sequence used by all (neighbor) cells. On the other hand, NSSS sequences are different and can be differentiated between cells. Therefore, NSSS could be the candidate for measurement accuracy improvement. 
Proposal 1: Existing signal NSSS could be a candidate used to improve NRSRP/NRSRQ measurement accuracy.

NSSS sequence is transmitted on the anchor carrier in subframe #9 in radio frames fulfilling
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, and mapped to all REs except the first 3 symbols for all operation modes.  For inband operation mode, the REs occupied by CRS are effectively punctured according to CRS antenna ports number. However, before UE knows the cell’s operation mode and the number of CRS ports, UE could only perform measurement on NSSS by assuming in-band operation with 4 CRS ports.
Reusing existing NSSS for NRSRP/NRSRQ measurement will not increase the UE complexity, because UE should synchronize to neighbor cells before performing NRS measurement. The denser measurement signal REs are expected to permit quicker measurement, which will save power consumption. 

Observation 1: Reusing existing signal NSSS for NRSRP/NRSRQ measurement should not increase the UE complexity and power consumption.

3.2  Evaluation of measurement accuracy based on NSSS

The measurement accuracy based on NSSS is evaluated under the RAN4 agreed simulation assumptions in [3], and the REs occupied by 4-ports CRS are punctured. For alignment to RAN4 results, the measurement accuracy in the table below is derived from the maximum value obtained at the 5th and 95th percentiles of CDF in the simulation. The results taking RF margin into consideration are shown in Table 2 compared to NRS measurement [3]. From the results, we can see that the measurement accuracy based on NSSS only is higher than that based on NRS only for both two cases. The combination of NSSS and NRS may further improve the measurement accuracy.
Table 2 Comparison of measurement accuracy between based on NSSS only and based on NRS only
	
	NRSRP measurement accuracy based on NSSS
	NRSRP measurement accuracy based on NRS
	RF margin

	SNR = -6dB 
	±5.5dB
	±8.5dB
	3dB

	SNR = -15dB
	±9.8dB
	±11.5dB
	3dB


Observation 2: The measurement accuracy based on NSSS only is around 1.7-3dB higher than that based on NRS only for both normal coverage and enhanced coverage. The combination of NSSS and NRS may further improve the measurement accuracy.
3.3  Options for NRSRP/NRSRQ measurement accuracy improvement
Reusing existing signal NSSS for NRSRP/NRSRQ measurement accuracy improvement, there are two options, option 1 is NSSS only based, option 2 is based on combination with NSSS and NRS. NRSRP/NRSRQ measurement are usually used for cell (re)selection and NPRACH coverage level selection in RRC IDLE status, and uplink power control in RRC CONNECTED status. We start to focus on RRM measurement, i.e. the measurement in RRC IDLE status. The analysis of RRM measurement for option 1 and option 2 are listed in Table 3.

Table 3 Analysis of RRM measurement
	
	Option 1 (NSSS only)
	Option 2 (NSSS + NRS)

	Measurement in RRC IDLE status
	Workable
	The EPRE of NSSS is unknown to combine measurement results of NSSS and NRS


Observation 3: UE cannot perform combination of NSSS based measurement and NRS based measurement directly when the EPRE of NSSS is unknown for UE.
Proposal 2: What the UE needs to know about the EPRE of NSSS needs to be clarified.
Measurement accuracy on non-anchor carriers may also benefit from improvement, in which case the absence of NSSS on non-anchor carriers will need to be considered.
4 Conclusions
In this contribution, the NRSRP/NRSRQ measurement based on NRS is analysed, and the feasibility of introducing additional existing signal NSSS to improve the measurement accuracy are also discussed, we have the following observations and proposals: 

Proposal 1: Existing signal NSSS could be a candidate used to improve NRSRP/NRSRQ measurement accuracy.

Proposal 2: What the UE needs to know about the EPRE of NSSS needs to be clarified.
Observation 1: Reusing existing signal NSSS for NRSRP/NRSRQ measurement should not increase the UE complexity and power consumption.

Observation 2: The measurement accuracy based on NSSS only is around 1.7-3 dB higher than that based on NRS only for both normal coverage and enhanced coverage. The combination of NSSS and NRS may further improve the measurement accuracy.

Observation 3: UE cannot perform combination of NSSS based measurement and NRS based measurement directly when the EPRE of NSSS is unknown for UE.
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