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1. Introduction

In RAN4 #84 meeting a simulation assumption on measurement accuracy improvement on R15 NB-IoT was approved in [1]. RAN4 will carry out simulation to evaluate the feasibility of combination of NSSS and NRS for RRM measurement.
In this contribution, we provide further discussion, as well as the simulation results.
2. Discussion
Simulation assumption is informatively provided in appendix A, based on which simulation was carried out and simulation results are provided as follow:
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Figure 1 EPA1, 800ms, NRS SNR = -12.6dB, NSSS SNR = -15.6dB
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Figure 2 EPA1, 800ms, NRS SNR = -12.6dB, NSSS SNR = -12.6dB
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Figure 3 EPA1, 800ms, NRS SNR = -12.6dB, NSSS SNR = -9.6dB
Table 1 simulation results of EPA1, 800ms
	RS
	SNR
	delta (5%)/dB
	delta(50%)/dB
	delta(95%)/dB

	NRS
	-12.6dB
	-4.44
	0.72
	4.034

	NSSS
	-12.6dB
	-2.457
	0.407
	3.16

	NRS + NSSS
	NRS = -12.6dB
NSSS = -12.6dB
	-1.83
	0.61
	3.031

	
	NRS = -12.6dB
NSSS = -15.6dB
	-2.31
	0.789
	3.659

	
	NRS = -12.6dB
NSSS = -9.6dB
	-1.632
	0.208
	2.345


To simply discussion, here we only list simulation results of EPA1 channel with 800ms measurement period. SNR of NRS is fixed as -12.6dB. Tx power of NSSS is assumed with (-3dB, 0dB, 3dB) difference from NRS. More simulation can be found in appendix B. 

It was mentioned in RAN4 #84 that the Tx diversity gain of NSSS is not specified in RAN1 specification. Different Tx antenna port can transmit the same NSSS sequence with different phases. Different BS with different implementation can have different Tx diversity gain when transmitting NSSS. In real practise, UE may need some time to figure out the phase relation of the Tx signals from different Tx ports. In our simulation, we assume that the BS would transmit NSSS with the same phase every other NSSS periodicity. Once UE figures out this phase rotation scheme, UE can start sampling at the time slot when the two Tx ports transmit NSSS with the same phase. We believe UE may not need too much time to figure out the phase rotation scheme, i.e. several hundred milliseconds should be enough, which is negligible compared to cell search delay. Thus we believe that UE can aware when to start sampling for NSSS measurement after cell identification procedure. 
As can be observed in above results that NSSS only and combination of NSSS and NRS can achieve better accuracy performance compared to NRS. However, the gain is quite limited for combination of NSSS and NRS compared to NSSS only, unless NRS has higher Tx power than NSSS. In some other case as can be seen in appendix B, NRS may also degrade accuracy performance of NSSS, even if they have the same Tx power.
Observation 1: NSSS can achieve better accuracy performance than NRS.
Observation 2: combination of NSSS and NRS can achieve better accuracy performance than NSSS only if NRS has higher Tx power.

For mobility purpose, i.e. cell reselection for NB-IoT, UE should use the same type of signal(s) for measurement. If UE is to combine measurement on NSSS and NRS, UE needs to know the Tx power difference between these two signals in serving cell and all the neighbour cells. Since mobility is only supported in idle mode, network needs to put these information in system information. This may increase system information load in some extent considering that each neighbour cell may have different Tx power offset between NSSS and NRS. Therefore, it is not encouraged to use combination of NSSS and NRS for RRM measurement due to the big price and limited gain.
Proposal 1: it is not encouraged to use combination of NSSS and NRS for RRM measurement.
For UE in idle mode, no matter paging and NPRACH on anchor or non-anchor carrier, RRM measurement will be based on anchor carrier. Thus it is always feasible to perform measurement on NSSS. For UE in connected mode, UE may work on non-anchor carrier and may have no chance to measure NSSS. Thus UE still needs to measure NRS to estimate the downlink path loss for uplink power control.

Proposal 2: confirm the feasibility of NSSS for RRM measurement for UE in idle mode and in connected mode on anchor carrier.
As can be seen in TS36.213 section 16.2 on UE uplink power control that, the downlink path loss is calculated by
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 = nrs-Power + nrs-PowerOffsetNonAnchor – higher layer filtered NRSRP
If UE is to use NSSS to estimate the downlink path loss, Tx power of NSSS should be known. Since nrs-Power is already provided by network, only Tx power offset between NSSS and NRS needs to be provided.
Proposal 3: Tx power offset between NSSS and NRS should be provided if NSSS is to be used to estimate downlink path loss for uplink power control.
3. Conclusions
In this contribution, we provide simulation results of measurement accuracy improvement and discuss the feasibility of NSSS and NRS for measurement. After discussion, the following conclusions are made:
Observation 1: NSSS can achieve better accuracy performance than NRS.
Observation 2: combination of NSSS and NRS can achieve better accuracy performance than NSSS only if NRS has higher Tx power.
Proposal 1: it is not encouraged to use combination of NSSS and NRS for RRM measurement.
Proposal 2: confirm the feasibility of NSSS for RRM measurement for UE in idle mode and in connected mode on anchor carrier.
Proposal 3: Tx power offset between NSSS and NRS should be provided if NSSS is to be used to estimate downlink path loss for uplink power control.
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5. Appendix A: simulation assumption
Simulation assumption for measurement accuracy improvement
	Parameters
	Value
	Comments

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

	System bandwidth
	1 resource blocks
	

	L1 measurement period
	200ms, 400ms, 800 ms, 1600ms
	

	Measurement sampling rate
	1 sample/40ms
	Implementation dependent (NOTE 1)

	L3 filtering
	Disabled
	

	Antenna configuration
	2TX, 1RX
	Puncturing of NB-PSS and NB-SSS in in-band operation when colliding with 2TX CRS pattern
Diversity scheme should be indicated in the simulation.

	Power imbalance between NSSS and NRS
	-3dB, 0 dB, 3 dB
	Only applicable for measurement based on combination of NSSS and NRS

	Mobility
	Stationary UEs, 
	

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

	Measurement type
	Synchronization signals only based (NSSS),

Combination of NRS and synchronization signals (NSSS)
	Companies are encouraged to provide simulation results for measurements based on follows signals.


	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	Ec/Iot
	-15dB, -12.6dB, -6dB
	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. 


6. Appendix B: simulation results
EPA1, Measurement = 1600ms

	RS
	SNR
	delta (5%)/dB
	delta(50%)/dB
	delta(95%)/dB

	NRS
	-12.6dB
	-4.85
	0.995
	4.343

	NSSS
	-12.6dB
	-1.162
	0.338
	1.961

	NRS+NSSS
	NRS = -12.6dB
NSSS = -12.6dB
	-1.343
	0.322
	2.436

	
	NRS = -12.6dB
NSSS = -9.6dB
	-1.061
	0.278
	1.622

	
	NRS = -12.6dB
NSSS = -15.6dB
	-1.697
	0.942
	3.32


	RS
	SNR
	delta (5%)/dB
	delta(50%)/dB
	delta(95%)/dB

	NRS
	-15dB
	-4.889
	1.354
	5.271

	NSSS
	-15dB
	-3.195
	0.021
	2.073

	NRS+NSSS
	NRS = -15dB
NSSS = -15dB
	-2.146
	0.997
	3.824

	
	NRS = -15dB
NSSS = -12dB
	-1.742
	0.6247
	3.142

	
	NRS = -15dB
NSSS = -18dB
	-2.014
	1.296
	3.979
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