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1 Introduction

During the RAN4#77AH meeting on NB-IoT RRM a way forward [1] was agreed where the following was stated about RRM:
· Requirements for initial cell selection shall not be specified.

· Requirements for cell reselection shall be specified, and shall at least comprise:

· Measurements and evaluation of serving cell,
· Cell identification time of target cell,

· Measurement period of target cell,

· Evaluation time of target cell,

Moreover it was agreed that further cell reselection requirements are not precluded, and that detailed requirements are for further studies.

In this contribution we propose simulation assumptions for investigations on cell search detection time. 
2 Background
Synchronization signals

Similar to MBB LTE the synchronization signals consists of a Primary Synchronization Signal (NB-PSS) and a Secondary Synchronization Signal (NB-SSS). The number of versions, the composition, and the periodicity however differs from the legacy LTE system. There is a single PSS common to all 504 cell identities, and there are 504 cell identities represented by SSS. In subframes that carry synchronization signals, NB-PSS occupies the last 11 OFDM symbols and NB-SSS occupies the last 9 or 11 symbols (pending RAN1 decision) for the normal cyclic prefix configuration. The number of subcarriers that are used for carrying PSS is 11 or 12 for NB-PSS (pending RAN1 decision) and 12 for NB-SSS.

The periodicities for NB-PSS and NB-SSS have not been settled but the proposal in [2] is based on the following:

· NB-PSS comprises two sequences NB-PSS1 and NB-PSS2, each of 11 OFDM symbols in length, and transmitted in subsequent subframes. Both are derived from a Zadoff-Chu sequence and NB-PSS1 is the complex conjugate of NB-PSS2.
· NB-SSS consists of 9 OFDM symbols, and is used for providing frame timing within a 80ms period. The NB-SSS is derived from a Zadoff-Chu sequence and transmitted multiple times within the 80ms period. Each instance of NB-SSS is scrambled by a binary sequence that is dependent on where in the 80ms period the particular instance of NB-SSS is transmitted.

· Two periodicities are proposed, both with more frequent repetition of NB-PSS than NB-SSS
· High density case: 

· NB-PSS transmitted in every radio frame

· NB-SSS transmitted in every second radio frame

· Low density case:

· NB-PSS transmitted in every second radio frame

· NB-SSS transmitted in every fourth radio frame

· In FDD the proposed positions of the synchronization signals are: 
· High density case:

· subframes 4 and 5 for NB-PSS (NB-PSS1 and NB-PSS2)

· subframe 9 for NB-SSS in odd radio frames
· Low density case:

· subframes 4 and 5 for NB-PSS (NB-PSS1 and NB-PSS2) in odd radio frames
· subframe 9 for NB-SSS in every second odd radio frame

The resource mappings of NB-PSS and NB-SSS are shown in Figure 1. 
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Figure 1: Resource mapping of NB-PSS and NB-SSS in high density (top) and low density (bottom) scenarios.

Operation modes

Three operation modes have been agreed for NB-IoT:

· Stand-alone operation, making use of scattered spectrum and e.g. re-farming of GSM spectrum,

· Guard-band operation, making use of the currently unused resource blocks at the edges of the MBB LTE cell, and

· In-band operation, making use of resources that are within the system bandwidth of the MBB LTE cell.

In stand-alone and guard-band operation it is mainly the interference that may put a limit on the performance, whereas in the in-band operation additional puncturing of NB-PSS and NB-SSS by MBB LTE CRSs may have an impact on the performance. For the latter case a boosting of the NB-PSS and NB-SSS by 6dB compared to the MBB LTE CRS has been agreed. Particularly for in-band operation the first 3 OFDM symbols in a subframe are reserved for the MBB LTE control region (PDCCH, PHICH, PCFICH) and hence are not used by NB-IoT. Both normal and extended cyclic prefixes are to be supported however the impact on e.g. NB-PSS and NB-SSS is still to be sorted out by RAN1.
Coverage scenarios

The NB-IoT device may operate in three coverage scenarios:

· Normal coverage, similar to that of MBB LTE devices

· Extended coverage, similar to that of eMTC devices, and

· Extreme coverage, a new coverage scenario that implies an SINR as low as about -20dB.

3 Simulation assumptions
The assumptions for the initial simulations, with purpose of aligning results from interested companies, are based on that the NB-IoT device already has carried out initial cell search, i.e., the device has synchronized its frequency reference to the network.
The cases considered are a single cell with radio propagation channels AWGN, ETU 1Hz and EPA 1Hz. All three cases aim at modelling a stationary device, with the fading channels modelling that although the device is stationary, the multipath propagation may be influenced by activities in the surrounding (road traffic etc.)
The simulation assumptions are provided in Table 1.

Table 1: Simulation parameters

	Parameter
	Value(s)
	Comment

	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
	6 dB
	NB-IoT is transmitted at 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

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

	
	Guard-band

Stand-alone
	N/A
	

	Frequency offset
	Static 200Hz frequency offset
	Models imperfect AFC tracking.

	SNR range
	-20 to 10 dB
	

	NB-PSS and NB-SSS periodicities
	High density, Low density
	

	Algorithms for cell detection
	Implementation specific
	


We welcome a discussion with interested companies on the simulation assumptions. Initial simulation results based on the proposed simulation assumptions are provided in a companion paper [3].
4  Conclusions
We have provided simulation assumptions for NB-IoT cell search, and have described two alternatives on NB-PSS and NB-SSS density. Interested companies are invited to discuss the simulation assumptions and to provide simulation results for initial alignment.

Initial simulation results that are based on the provided simulation assumptions are provided in the companion contribution [3]. 
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