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1	Introduction
In RAN4#85 meeting in Reno RAN4 continued the discussions related to feNB-IoT work. One outcome from the discussions in the earlier meetings was an agreement that RAN4 will not further study work on combining NRS and NSS measurements.  I.e. RAN4 will focus on measurement improvements based only on UE using the NSS signal for RRM measurements. 
Several companies provided simulation results based on the simulation assumptions for evaluating NRSRP measurement performance with NRSRP as agreed in the Berlin meeting. In this paper, we provide summary of our simulation results provided in [2] and discuss on the next steps.
2	Discussion
We take a look at the existing NRSRP measurement accuracy requirements as agreed for NB-IoT Rel-13. These requirements were developed based on NRS and inband deployment. In Rel-13 RAN4 agreed to have accuracy requirement for UEs under normal and enhanced coverage as follows:

8.14.2	NB-IoT intra frequency measurements under normal coverage
8.14.2.1	NB-IoT intra frequency measurements when no DRX is used
In the RRC_CONNECTED state the measurement period for intra frequency measurements is 800ms. The NRSRP measurement accuracy shall be as specified in the sub-clauses 9.1.22.1.

8.14.3	NB-IoT intra frequency measurements under enhanced coverage
8.14.3.1	NB-IoT intra frequency measurements when no DRX is used
In the RRC_CONNECTED state the measurement period for intra frequency measurements is 1600ms. The NRSRP measurement accuracy shall be as specified in the sub-clauses 9.1.22.1.

Besides the non-DRX requirements also requirements for UE in DRX were defined. The actual measurement accuracy requirements are listed in table 9.1.22.1-1 below.
Table 9.1.22.1-1: NRSRP Intra frequency absolute accuracy for UE Category NB1 for HD-FDD 
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	E-UTRA operating band groups Note 2
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz 
	dBm/BWChannel
	dBm/BWChannel

	6
	9
	-6 dB
	NFDD_G
	[-118]
	N/A
	[-70]

	8
	11
	-6 dB
	NFDD_G
	N/A
	[-70]
	[-50]

	10.3
	13.3
	-15 Ês/Iot -6 dB
	NFDD_G
	[-118]
	N/A
	[-70]

	12.3
	15.3
	-15 Ês/Iot -6 dB
	NFDD_G
	N/A
	[-70]
	[-50]

	NOTE 1:	Io is assumed to have constant EPRE across the bandwidth.
NOTE 2:	E-UTRA operating band groups are as defined in Section 3.5. 



RAN1 has now defined that the UE is informed about any power offset between the NRS and the NB-SSS signal. This means that it is possible to utilize the NB-SSS signal for NRSRP measurements. 
Using the NB-SSS signal for RRM measurements provides a significant increase in the number of reference signals available for the UE for measurements. This will enable better measurement accuracy on UE side. Next, we summarize the achievable NRSRP measurement accuracy using the NB-SSS signal based on [2].
3	Simulation Results
3.1	Simulation Results
We have used in-band deployment scenario, with puncturing of the NB-SSS by 2Tx CRS. We have used 40ms sampling rate and average all samples over the L1 measurement period. NB-SSS is transmitted from port 0 only.
In the following sections present the results for NRSRP. All results are without impairment margin (except of course the reference legacy requirements numbers).
3.2	Simulation Results
3.2.1	NRSRP -6 dB
The L1 measurement period when under normal coverage is 800ms. Comparing the results from [2] with the current requirements, we see a significant improvement in the measurement accuracy (note: NB-SSS results are without impairments):
	SNR [dB]
	Signal
	Meas period [ms]
	Channel model
	5%
	50%
	95%
	Absolute accuracy
	Relative Accuracy

	-6
	NB-SSS
	800
	AWGN
	-0.99
	-0.36
	0.27
	0.99
	1.26

	-6
	NRS
	800
	AWGN
	
	
	
	6
	



3.2.2	NRSRP -15 dB
The L1 measurement period when under enhanced coverage is 1600ms. Comparing the results from [2] with the current requirements, we see a significant improvement in the measurement accuracy (note: NB-SSS results are without impairments):
	SNR [dB]
	Signal
	Meas period [ms]
	Channel model
	5%
	50%
	95%
	Absolute accuracy
	Relative Accuracy

	-15
	NB-SSS
	1600
	AWGN
	-3.47
	0.09
	2.06
	3.47
	5.53

	-15
	NRS
	1600
	AWGN
	
	
	
	10.3
	



3.2	Simulation Results Discussion
Based on these results it is clear that the UE NRSRP measurement accuracy when using the NB-SSS is significantly improved compared to legacy measurement accuracy when using the NRS. For the normal coverage mode, the improvement is in the order of around 2-3dB when accounting the UE impairments of ~2dB. For enhanced coverage mode, the accuracy improvement is ever bigger – around 4-5dB when accounting the UE impairments of ~2dB.
Proposal 1: NRSRP measurement accuracy in normal coverage can be improved by 2dB when using NSSS compared to using NRS.
Proposal 2: NRSRP measurement accuracy in enhanced coverage can be improved by 4.5dB when using NSSS compared to using NRS.
This would in practice lead to NRSRP measurement accuracy as follows assuming accuracy is improved with 2dB for normal coverage and 4.5 for enhanced coverage:
Table 9.1.22.1-1: NRSRP Intra frequency absolute accuracy for UE Category NB1 for HD-FDD 
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	E-UTRA operating band groups Note 2
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz 
	dBm/BWChannel
	dBm/BWChannel

	4
	7
	-6 dB
	NFDD_G
	[-118]
	N/A
	[-70]

	6
	9
	-6 dB
	NFDD_G
	N/A
	[-70]
	[-50]

	5.8
	8.8
	-15 Ês/Iot -6 dB
	NFDD_G
	[-118]
	N/A
	[-70]

	7.8
	10.8
	-15 Ês/Iot -6 dB
	NFDD_G
	N/A
	[-70]
	[-50]

	NOTE 1:	Io is assumed to have constant EPRE across the bandwidth.
NOTE 2:	E-UTRA operating band groups are as defined in Section 3.5. 


 
In addition to discussing the NRSRP accuracy RAN4 will also have to discuss the NRSRQ accuracy requirements when the NRSRP measurement is based on the NB-SSS signal. In [6] we have provided a CR capturing the above NRSRP accuracy requirements.

4 Conclusion
In this paper, we provide summary of our simulation results evaluating the NRSRP measurement performance improvement when NRSRP are based on NB-SSS measurement alone. Based on these simulation results it is clear that the measurement accuracy using the NB-SSS gives significantly improvement gain in the NRSRP measurement accuracy compared to legacy when using only the NRS. 
Proposal 1: NRSRP measurement accuracy in normal coverage can be improved by 2dB when using NSSS compared to using NRS.
Proposal 2: NRSRP measurement accuracy in enhanced coverage can be improved by 4.5dB when using NSSS compared to using NRS.
We provide text proposal for updated measurement accuracy numbers. CR [6] has been provided.
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Annex
Simulation assumptions for feNB-IoT in-band deployment [1]
	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. 



The NB-SSS is transmitted from port 0.

