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1 Introduction
In RAN1 NB-IoT Ad-Hoc meeting, there were some agreements on channel raster [1]:
Agreements:

· One transmission of NB-PSS, NB-SSS, NB-PBCH, and NB-PDSCH never overlaps between multiple LTE PRB bandwidths for inband operation.
· The number of subcarriers for NB-SSS is 12

· The number of subcarriers for NB-PSS is 12 or 11

· FFS: exact number of subcarrier

· 100kHz channel raster is assumed by UEs in all three operation modes (i.e. standalone, guard-band and in-band)

· The NB-IoT NB-PSS/NB-SSS center frequency is aligned to 100kHz channel raster in standalone mode

In this contribution, we discuss remaining issues on channel raster for NB-IoT system.
2 Channel raster
2.1   Downlink
For in-band operation mode, it is agreed that one transmission of NB-PSS, NB-SSS, NB-PBCH, and NB-PDSCH never overlaps between multiple LTE PRB bandwidths for in-band operation. NB-PSS/SSS is transmitted in one PRB, there will be a fixed frequency offset between the channel raster and the frequency centre of NB-PSS/SSS transmitted [2]. Such a fixed frequency offset will have some negative impact on the detection performance, resulting in longer searching time as well as larger UE power consumption.  Table-1 gives the simulation results for different frequency offset due to channel raster. The simulation assumptions are listed in Annex.
Table 1: Comparison of NB-PSS network synchronization in time (ms) for in-band deployment with different additional frequency offsets due to channel raster in the absence of interference.

	CDF percentage
	FO = 20ppm +2.5 kHz
	FO = 20ppm +7.5 kHz 
	FO = 20ppm +12.5 kHz

	50%
	100 (5*20)
	100 (5*20)
	140 (7*20)

	90%
	700 (35*20)
	700 (35*20)
	860 (43*20)


It can be observed that the detection performance becomes unacceptable when the frequency offset is beyond 7.5 kHz. Therefore, in order to guarantee the performance, the PRBs of NB-PSS/SSS should be restricted. The PRBs with minimum frequency offset should be considered as candidate carriers for NB-PSS/SSS transmission. Table 2 summarizes the PRB indices for NB-PSS/SSS transmission.
Table 2 the PRB indices for NB-PSS/SSS transmission
	System bandwidth
	PRB indices
	Frequency offset

	3 MHz
	2, 12
	7.5 kHz

	5 MHz
	2, 7,17, 22
	

	15 MHz
	2, 7, 12, 17, 22, 27, 32, 
42, 47, 52, 57, 62, 67, 72
	

	10 MHz
	4, 9, 14, 19, 30, 35, 40, 45
	2.5 kHz

	20 MHz
	4, 9, 14, 19, 24, 29, 34, 39, 44, 
55, 60, 65, 70, 75, 80, 85, 90, 95
	


Proposal 1: For in-band operation mode, the PRBs with the minimum frequency offset should be considered as candidate carriers for NB-PSS/SSS transmission.
For guard band operation, similar to the discussion above, twelve/eleven successive subcarriers with frequency offset ≤7.5kHz should be selected as candidate carriers for NB-PSS/SSS transmission.
Proposal 2: For guard band operation, twelve/eleven successive subcarriers with frequency offset≤7.5kHz should be selected as candidate carriers for NB-PSS/SSS transmission.
3 Conclusion

In this contribution, further issues on channel raster for NB-IoT have been discussed. In summary, we propose the following:
Proposal 1: For in-band operation mode, the PRBs with the minimum frequency offset should be considered as candidate carriers for NB-PSS/SSS transmission.
Proposal 2: For guard band operation, twelve/eleven successive subcarriers with frequency offset≤7.5kHz should be selected as candidate carriers for NB-PSS/SSS transmission.
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Annex A
Table A1 Link-level simulation assumptions 
	Parameter
	Value

	System bandwidth
	180 kHz

	Frequency band
	900 MHz

	Propagation channel model
	TU 1Hz

	Interference
	Noise only

	Antenna configuration 
	1Tx, 1Rx 

	Frequency error
	0 Hz

	SNR
	In-band : -12.6 dB1

	Sampling Frequency (Fs)
	1.92 MHz 

	Timing error
	 0 us

	CRS power boosting
	None

	PSS OFDM symbol number
	11,

	NOTE1: -12.6 dB corresponds to an MCL of 164 dB for In-band operation.
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