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1
Introduction
NB-IoT physical layer design is different from LTE, which affects the very basic cell detection and measurement requirements defined in RAN4. Although RAN1 has progressed towards finalization not all details have been agreed yet – the NB-IoT NB-SSS synchronization signal is currently un-decided while the NB-PSS and NB-RS are finalized. In last RAN4#78 meeting there was a longer discussion related to simulation assumptions for cell detection – but no agreement was reached during the meeting.
In this contribution, we discuss measurement performance and simulation assumptions for cell detection. 
2
Discussion
Currently RAN1 has final agreements related to the NB-PSS and NB-RS while NB-SSS is still under discussion [11, 12 and 14]. For RAN4 cell detection delay requirements both NB-PSS and NB-SSS decisions would need to be in place for the final requirements but it is still possible to progress the work in RAN4 based on the current RAN1 agreements if RAN4 can agree on a common set of simulation assumptions.

Regarding NB-PSS RAN1 has decided that it will be repeated in subframe 5 of every radio frame. The NB-PSS and NB-SSS does not occupy the first 3 OFDM symbols of a subframe and the signals will be punctured by LTE-CRS if collision exists. For normal CP the NB-PSS uses the last 11 OFDM symbols on the subframe while for extended CP the occupies the last 9 OFDM symbols. The number of subcarriers for NB-PSS is 11 and for NB-SSS it is 12. 

The periodicity of the NB-PSS is 10ms while the periodicity of the NB-SSS signal is still under discussion in RAN1 [14] and therefore something that has to be discussed and settled for the RAN4 simulation assumptions (if RAN1 does not manage to agree during RAN1#84bis meeting). NB-SSS will be transmitted in subframe 9
Observation 1: Periodicity and details of the NB-SSS signal is not yet decided by RAN1.

Based on the agreements in RAN1 it is clear that NB-PSS design is basically finalized except some open items (e.g. placement of NB-PSS among the subcarriers). In the following illustration the NB-IoT NB-PSS and NB-SSS synchronisation signals are illustrated assuming NB-SSS repetition of 20ms:
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Figure 1 Illustration of the NB-IoT synchronisation signals assuming NB-SSS repetition of 20ms.
3
Cell detection simulation assumptions
In last RAN4 meeting in Malta, cell detection simulation assumptions were discussed without agreement [13]. The proposed assumptions were:

Table 1: Simulation parameters for both configurations of synchronization signals
	Parameter
	Simulation set
	Comment

	
	1
	2
	

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

	System bandwidth
	180kHz (1 PRB)
	

	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
	

	Cyclic prefix configuration 
	Normal CP
	CP lengths 10 and 9 samples for first and following symbols in a slot, respectively, at 1.92MS/s.

	NB-IoT load condition
	Fully loaded, modelled by OCNG
	OFDM symbols 3-13. Boosting

	LTE cell load condition
	In-band
	Fully loaded, modelled by OCNG
	OFDM symbols 0-2. (Control region)

	
	Guard-band

Stand-alone
	N/A
	

	Interference
	AWGN
	

	Frequency error
	±18 kHz
	Models wake-up after eDRX inactivity

	SNR range
	-20 to 10 dB
	Cover extreme coverage enhancement and up to fair coverage scenarios

	NB-PSS and NB-SSS structures and periodicities
	The high density option in [2]
	The 12 subcarrier option in [4]
	

	Algorithms for cell detection
	Implementation specific
	


Since RAN1 work has progressed the assumptions in table 1 would need some modifications. As the NB-PSS is decided the main open issue is related to NB-SSS. It would be very beneficial if RAN4 can agree on some basic simulation assumptions for cell detection such that simulations can be conducted for the upcoming AH meeting. 
In order to progress the work we propose to use the above table as baseline for discussion. Below a slightly modified version taking into account the recent RAN1 decisions:

Table 2: Simulation parameters for both configurations of synchronization signals according to latest RAN1 decisions
	Parameter
	Simulation set
	Comment

	
	1
	2
	

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

	System bandwidth
	180kHz (1 PRB)
	

	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
	

	Cyclic prefix configuration 
	Normal CP
	CP lengths 10 and 9 samples for first and following symbols in a slot, respectively, at 1.92MS/s.

	NB-IoT load condition
	Fully loaded, modelled by OCNG
	OFDM symbols 3-13.

	LTE cell load condition
	In-band
	Fully loaded, modelled by OCNG
	OFDM symbols 0-2. (Control region)

	
	Guard-band

Stand-alone
	N/A
	

	Interference
	AWGN
	

	Frequency error
	±18 kHz
	Models wake-up after eDRX inactivity

	SNR range
	-20 to 10 dB
	Cover extreme coverage enhancement and up to fair coverage scenarios

	NB-PSS periodicity
	Transmitted in subframe #5 every 10ms
	According to RAN1

	NB-SSS periodicities
	Option 1
	Option 2
	FFS which options

	Algorithms for cell detection
	Implementation specific
	


Proposal 1: Use the above table 2 as baseline for discussing cell detection simulation assumptions.
3
Conclusion
In last RAN4#78 meeting there was a longer discussion related to simulation assumptions for cell detection – but no agreement was reached during the meeting. Concerning the NB-IoT synchronization signal RAN1 is still missing agreement on the NB-SSS details:

Observation 1: Periodicity and details of the NB-SSS signal is not yet decided by RAN1.
In this paper. we propose to use the simulation assumptions proposed in RAN4#78 as baseline, updated with the latest RAN1 decisions and use that for discussing and agreeing simulation assumptions.
Proposal 1: Use table 2 as baseline for discussing cell detection simulation assumptions.
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