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1 Introduction
In this contribution, we provide link simulation assumptions for RSRP and RSRQ accuracy studies for NB-IOT.
2 Background

The number of resource elements available for measurements in NB-IoT is significantly reduced when compared to E-UTRAN. This will affect the measurement accuracy as well as measurement time/rate. Thus the measurement performance shall be studied using the simiulation assumptions in this contribution. 
3 Intra-frequency RSRP/RSRQ Simulation Assumptions for NB-IoT
RAN4 shall study the RSRP measurement performance of NB-IOT according to the simulation assumptions in Table 1.
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 
	Even further increased measurement period can be considered to evaluate the measurement performance

	Measurement sampling rate
	
	Implementation dependent (NOTE 1)

	L3 filtering
	Disabled
	

	Antenna configuration
	In-band

Guard-band
	2TX, 1RX
	Puncturing of NB-PSS and NB-SSS in in-band operation when colliding with 2TX CRS pattern

	
	Stand-alone
	1TX, 1RX
	

	Power boosting for NB-IOT
	In-band

Guard-band
	0 dB, 6 dB
	NB-IoT is transmitted at 0dB or 6dB higher power than the MBB LTE cell to which it is associated.

	
	Stand-alone
	N/A
	

	Mobility
	Stationary UEs, 
	

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

	Measurement type
	NB-RS only based,

Synchronization signals only based (NB-SSS),
Combination of NB-RS and synchronization signals (NB-SSS)
	Companies are encouraged to provide simulation results for measurements based on follows signals.


	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

	NOTE 1: Companies are requested to provide the details of the measurement sampling rate for interpretation and comparison of the results

NOTE 2: Companies are requested to provide the details of the RS averaging techniques for interpretation and comparison of the results. 


3.1 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]
· Delta RSRPBW = (estimated RSRP1PRB – estimated RSRP6PRB) [dB] 
· Delta RSRQBW = (estimated RSRQ1PRB – estimated RSRQ6PRB) [dB]
The definitions of ideal RSRP and RSRQ are provided in Annex A. If companies are using different defitions this should be indicated.
4 Annex A: Ideal RSRP and RSRQ

Ideal RSRP: The ideal RSRP is the true value that does not include any channel estimation noise but uses the same sampling rate as for the estimated RSRQ. 

Ideal RSSI: The ideal RSSI is an error free measure but uses the same sampling rate as for the estimated RSSI as explained below:
The aggregate ideal RSSI during L1 measurement period is the average of ideal RSSI in all OFDM symbols used for the measuring RSSI (i.e. estimated RSSI).
RSRQ is defined in TS 36.214 as: N x RSRP/RSSI; N is the resource blocks over which RSSI is measured; RSRP is measured per resource element as defined in TS 36.214. Ideal RSRQ is based on ideal RSRP and ideal RSSI.
