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1. Introduction

In last RAN4 #78 meeting, a simulation assumption for NB-IoT RRM measurement was agreed in [1]. In this contribution, simulation result is provided based on the agreed simulation assumption.
2. Discussion
2.1. Simulation assumption
In this section we provide the agreed simulation assumption for information. As it was discussed in [2], NB-RS only based measurement was proposed. So in our simulation, only NB-RS is considered. Note that the antenna configuration in simulation is assumed to be 1*1, given that configuration 2*1 can have better performance and we shall consider the worst case when discussing requirement.
Table 1: Simulation parameters for NB-IOT measurement accuracy studies
	Parameters
	Value
	Comments

	Measurement bandwidth
	1 resource blocks
	Both RSRP and RSRQ measured over 1 RB

	System bandwidth
	1 resource blocks
	

	L1 measurement period
	200 ms, 400 ms, 800 ms 1600 ms
	Even further increased measurement period can be considered to evaluate the measurement performance

	Sample duration
	1ms
	

	Measurement sampling rate
	25Hz
	Sample period: 40ms

	L3 filtering
	Disabled
	

	DRX
	OFF
	

	Antenna configuration
	1TX, 1RX
	

	Mobility
	Stationary UEs, 
	

	Channel model
	AWGN, ETU 1Hz, EPA 1Hz
	Models stationary device

	Measurement type
	NB-RS only based
	Companies are encouraged to provide simulation results for measurements based on follows signals. NB-RS is to be used as baseline for simulation only.  



	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	Ec/Iot
	-20 dB, …, 10 dB
	AWGN noise 

	Frequency error modelling
	+/-50 Hz
	With respect to reference cell


Performance Metrics
The CDF curves are to be provided for:

· Estimated RSRP

· Estimated RSRQ

· Delta RSRP   = (estimated RSRP – ideal RSRP) 
[dB]  
· Delta RSRQ  = (estimated RSRQ – ideal RSRQ) [dB]
As there is no new definition of RSRP/RSRQ for NB-IoT in RAN1 so far, the RSRP/RSRQ definition in TS36.214 is reused in the simulation with the exception that the term “cell-specific reference signals” is changed to “narrow band reference signals”. Note that the RSSI is measurement only in the OFDM symbol containing NB-RS.
2.2. Simulation result
· Absolute RSRP accuracy
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Figure 1 Absolute RSRP accuracy based on NB-RS

For information, absolute RSRP accuracy for M1 UE under normal coverage is (7dB. Considering 2~3dB RF margin, the base band accuracy is (4~(5dB.

From Figure 1, we can the following observation:
Observation 1: when the measurement period is 800ms, the absolute RSRP accuracy requirement for M1 UE under normal coverage can be reused for NB-IoT UE under normal coverage.

For enhanced coverage, the typical SNR level used in RAN1 NB-IoT evaluation is around -12.5dB. Therefore we propose RAN4 also define measurement requirement under -12.5dB SNR level.

Proposal 1: RAN4 is to define measurement requirement for both normal coverage and extreme coverage.

Proposal 2: the SNR level of extreme coverage is [-12.5dB].

Observation 2: considering fading channel, the absolute RSRP accuracy under extreme coverage is (10dB when the measurement period is 800ms.
As the handover is not supported, the intra-frequency relative RSRP accuracy is not needed.

Proposal 3: intra-frequency relative RSRP accuracy is not needed for NB-IoT.

· Absolute RSRQ accuracy
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Figure 2 Absolute RSRQ accuracy based on NB-RS
Observation 3: the absolute RSRQ accuracy under normal coverage is (3.5dB when the measurement period is 800ms.

Observation 4: the absolute RSRQ accuracy under extreme coverage is (7.5dB when the measurement period is 800ms

2.3. Range of RSRP and RSRQ
Although there is agreement that measurement report is not supported, RAN4 still to discuss the range of RSRP/RSRQ. Because the corresponding parameters q-RxLevMin and q-QualMin are reused in system information in RAN2 discussion, which are used for cell reselection:
· intraFreqCellReselectionInfo

SEQUENCE {

· 

q-RxLevMin






Q-RxLevMin,

· 

p-Max







P-Max





OPTIONAL,

-- Need OP

· 

s-IntraSearch





ReselectionThreshold

OPTIONAL,

-- Need OP

· 

allowedMeasBandwidth



AllowedMeasBandwidth

OPTIONAL,

-- Need OP

· 

presenceAntennaPort1



PresenceAntennaPort1,

· 

neighCellConfig





NeighCellConfig,

· 

t-ReselectionEUTRA




T-Reselection,



t-ReselectionEUTRA-SF



SpeedStateScaleFactors

OPTIONAL

-- Need OP
…
CellSelectionInfo-v920 ::=


SEQUENCE {


q-QualMin-r9





Q-QualMin-r9,


q-QualMinOffset-r9




INTEGER (1..8)





OPTIONAL
-- Need OP

}

…
Observation 5: RAN4 need to discuss the range of measured RSRP/RSRQ.

Here we provide some analysis on these ranges. Assume that:

Thermal noise density: -174dBm/Hz
Resource element bandwidth: 15KHz

Receiver noise figure: 9dB

Thus the effective noise power per RE can be: -174+10*log(15000)+9=-123.24dBm. In RAN1 the worst SNR is assumed to be around -12.6dB. Thus we can have the minimum RSRP as:

-123.23dBm-12.6dB=-135.83dBm

It can be found in TS36.331 that the range of existing q-RxLevMin is [-70, -22]. The corresponding Qrxlevmin is [-140, -44] (Qrxlevmin = IE value * 2). So it can be observed that the minimum RSRP for NB-IoT is still within the range of Qrxlevmin. 

Regarding q-QualMin, the release 8 range is [-19.5, -3]. This is calculated based on the assumption that the worst SINR is -8dB. As the introduction of wide-band RSRQ, the existing range of reporting RSRQ and q-QualMin is extended to [-34, -3]. As there is no “wide-band” RSRQ for NB-IoT, it is reasonable to assume that range of RSRQ can be reused.

Furthermore, similar case can be found in eMTC. In eMTC, we also have coverage enhancement. But the RSRP/RSRQ reporting range and the q-RxLevMin range are kept the same as the legacy range in LTE so far. Thus we can have the following proposal:

Proposal 4: the range of q-RxLevMin and q-QualMin in existing TS36.331 could be reused for NB-IoT.

3. Conclusions

In this contribution, we provide discussion on RSRP/RSRQ measurement accuracy and range. After discussion, the following conclusions are present:
Observation 1: when the measurement period is 800ms, the absolute RSRP accuracy requirement for M1 UE under normal coverage can be reused for NB-IoT UE under normal coverage.

Proposal 1: RAN4 is to define measurement requirement for both normal coverage and extreme coverage.

Proposal 2: the SNR level of extreme coverage is [-12.5dB].

Observation 2: considering fading channel, the absolute RSRP accuracy under extreme coverage is (10dB when the measurement period is 800ms.
Proposal 3: intra-frequency relative RSRP accuracy is not needed for NB-IoT.

Observation 3: the absolute RSRQ accuracy under normal coverage is (3.5dB when the measurement period is 800ms.

Observation 4: the absolute RSRQ accuracy under extreme coverage is (7.5dB when the measurement period is 800ms

Proposal 4: the range of q-RxLevMin and q-QualMin in existing TS36.331 could be reused for NB-IoT.
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