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Introduction
In the last RAN4 #86bis meeting, RAN4 agreed the following way-forward [1]:

· Accuracy requirement and test cases for NSSS-based RRM measurements are defined under the condition that NSSS is transmitted from single Tx antenna port

In this paper, we present the simulation result for NSSS-based NRSRP measurement and discuss the remaining open issues regarding the NSSS-based RRM measurement.
Discussion
NRSRP
RAN4 needs to introduce the accuracy requirement for NSSS-based NRSRP measurement. Table 1 shows the 90-percentile NRSRP measurement error of the NSSS-based RRM measurement in AWGN, EPA1, and ETU1 channel, respectively. In the simulation, it is assumed that the NSSS is transmitted from the same single transmit antenna port across all NSSS subframes. 
Table 1. 90-percentile NRSRP measurement error (in dB)
	Channel
	L1 measurement period

	
	200ms
	800ms
	1600ms

	Normal Coverage
(Es/Iot = -6dB)
	AWGN
	- 1.1
	- 0.8
	- 0.7

	
	EPA1
	- 9.4
	- 6.5
	- 4.8

	
	ETU1
	- 9.5
	- 6.4
	- 5.1

	Enhanced Coverage
(Es/Iot = -15dB)
	AWGN
	+ 1.7
	+ 1.1
	+ 0.9

	
	EPA1
	- 5.5
	- 3.9
	- 3.5

	
	ETU1
	- 5.6
	- 3.9
	- 3.0



Interestingly, it is observed that in the fading channel the 90-percentile measurement accuracy is worse in the normal coverage compared to the enhanced coverage. Similar trend was observed in [2]. This is due to that L1 measurement period is not long enough to average out the channel fade, especially under the extremely slow fading channel such as EPA1/ETU1. When the UE undergoes a deep fade at a certain L1 measurement period, the NRSRP measured during such period tends to be pessimistic. In the enhanced coverage, the strong noise continues to pose a positive bias in the measured NRSRP even after the large NSSS processing gain and hence offsets the impact of the deep fade. However, in the normal coverage, the positive bias from the noise is negligible and the deep fade directly leads to the larger NRSRP measurement error in the fading channel. Considering that low mobility is common for NB-IoT UE, we propose to increase the L1 measurement period when UE performs NSSS-based RRM measurement in order to mitigate the large variation of the measured NRSRP from the deep fade.
Observation 1. Higher processing gain in the NSSS-based measurement reduces the positive bias in the measured NRSRP.
Observation 2. L1 measurement period of 800-1600ms may not be sufficient to average out the fading in the extremely slow fading channels such as EPA1/ETU1.
Observation 3. Decreased positive noise bias in NSSS-based measurement combined with the insufficient L1 measurement period results in a large NRSRP measurement error due to deep fade in the slow fading channel.
Proposal 1. Introduce a longer L1 measurement period for NSSS-based measurement, at least for normal coverage case.

NRSRQ
[bookmark: _GoBack]RAN4 still needs to decide how to define NRSRQ for NSSS-based measurement. RAN1 also asked a question regarding how to define NRSSS/NRSRQ when NSSS is used for the RRM measurement [3].
R1-1805434: “RAN1 also kindly asks RAN4 to study whether it is needed to update the definition of NRSSI measurement in the calculation of NRSRQ when NSSS is used for NRSRQ measurements. If so, how to update the definition of NRSSI measurements.” 
If UE has to measure the NRSSI always from the NRS subframes, the UE supporting NSSS-based measurement may have to wake up at both NRS and NSSS subframes occasions to complete the RRM measurement, which increases UE complexity/power consumption. Instead, a UE supporting NSSS-based measurement may use NSSS subframes to compute the NRSSI. The NRSRQ computed using the NRSSI from the NSSS subframes can be considered as a metric indicating the channel quality of the cell under full loading. 
Observation 4. NRSRQ computed using the NRSSI measured from NSSS subframes can be considered as a metric representing the channel quality of the cell under full loading.
Proposal 2. UE supporting NSSS-based RRM measurement may use NSSS subframe for NRSSI measurement.
In the existing definition of NRSRQ in TS36.214, it is already mentioned that the measurement of NRSRP and NRSSI shall be made over the same set of resource blocks. Furthermore, the definition of NRSSI measurement is readily general enough to be applicable to the NRSSI measurement based on NSSS subframes. Therefore, in our view, the NRSSI definition does not need to be updated for the NSSS-based measurement.
[bookmark: _Toc510455130] 5.1.27	Narrowband Reference Signal Received Quality (NRSRQ) [TS36.214]
	Definition
	Narrowband Reference Signal Received Quality (NRSRQ) is defined as the ratio NRSRP/NRSSI. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

Narrowband Received Signal Strength Indicator (NRSSI), comprises the linear average of the total received power (in [W]) observed OFDM symbols of measurement subframes, in the measurement bandwidth by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 

NRSSI is measured from all OFDM symbols of measurement subframes. 

The reference point for the NRSRQ shall be the antenna connector of the UE.

	Applicable for
	RRC_IDLE intra-frequency, 
RRC_IDLE inter-frequency



Proposal 3. Existing NRSRQ/NRSSI definition in TS36.214 is general enough to be extended to the measurement based on NSSS subframes.

Conclusions
In this paper, we presented the simulation based on the correlation-based NRSRP measurement and proposed the simulation assumptions for the evaluation of the feasibility of the NPBCH-based neighbor cell RRM measurement. Observations and proposal made in this paper is summarized as follows:

Observation 1. Higher processing gain in the NSSS-based measurement reduces the positive bias in the measured NRSRP
Observation 2. L1 measurement period of 800-1600ms may not be sufficient to average out the fading in the extremely slow fading channels such as EPA1/ETU1.
Observation 3. Decreased positive noise bias in NSSS-based measurement combined with the insufficient L1 measurement period results in a large NRSRP measurement error in the presence of the deep fade.
Proposal 1. Introduce a longer L1 measurement period for NSSS-based measurement, at least for normal coverage case.
Observation 4. NRSRQ computed using the NRSSI measured from NSSS subframes can be considered as a metric representing the channel quality of the cell under full loading.
Proposal 2. UE supporting NSSS-based RRM measurement may use NSSS subframe for NRSSI measurement.
Proposal 3. Existing NRSRQ/NRSSI definition in TS36.214 is general enough to be extended to the measurement based on NSSS subframes.
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Appendix 1: NRSRP Simulation Result
Section A.1 and A.2 show the NRSRP measurement accuracy of the NSSS-based RRM measurement in the different channels including AWGN, EPA1, and ETU1. It is assumed that the NSSS is transmitted from the same single transmit antenna port across all NSSS subframes, and UE utilizes every NSSS subframes within the L1 measurement period.
A.1 Normal Coverage (Es/Iot = -6dB)
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Figure 1. NRSRP measurement accuracy of NSSS-based RRM measurement in AWGN channel: L1 measurement period of 200ms (a), 800ms (b), 1600ms (c)
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Figure 1. NRSRP measurement accuracy of NSSS-based RRM measurement in EPA1 channel: L1 measurement period of 200ms (a), 800ms (b), 1600ms (c)
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Figure 1. NRSRP measurement accuracy of NSSS-based RRM measurement in ETU1 channel: L1 measurement period of 200ms (a), 800ms (b), 1600ms (c)
A.2 Enhanced Coverage (Es/Iot = -15dB)
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Figure 1. NRSRP measurement accuracy of NSSS-based RRM measurement in AWGN channel: L1 measurement period of 200ms (a), 800ms (b), 1600ms (c)
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Figure 1. NRSRP measurement accuracy of NSSS-based RRM measurement in EPA1 channel: L1 measurement period of 200ms (a), 800ms (b), 1600ms (c)
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Figure 1. NRSRP measurement accuracy of NSSS-based RRM measurement in ETU1 channel: L1 measurement period of 200ms (a), 800ms (b), 1600ms (c)
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