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1 Introduction
In the previous RAN1 ad-hoc meeting, channel raster were discussed [1][2] and the followings were endorsed.
Agreements:
· 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
Agreements:
· Multiple NB-IoT carriers operation for NB-IoT is supported at least for in-band, guard-band operation modes
· FFS: Define one NB-IoT PRB containing NB-PSS/SSS and NB-PBCH as the anchor PRB

· FFS: which PRB is defined as the anchor PRB
The overall cell search time and cell search complexity highly depend on channel raster number. In this contribution, we discuss the impacts on the channel raster design and propose the enhanced method to minimize the worst-case cell search time and cell search complexity. 
2 Discussion
Channel raster of 100 KHz is assumed by NB-IoT UE in all three operation modes. The NB-IoT PRB containing NB-PSS is allocated for in-band operation. Due to reserved LTE DC tone and PRB allocation, the center frequency of NB-IOT PRB is not an integer of 100 KHz. The NB-IOT UE can complete NB-PSS/SSS search with acceptable complexity increasement by assuming there exists an additional channel raster offset, if the channel raster offset between NB-IoT PRB center frequency and its closest channel raster candidate is small [3][4]. Therefore the PRBs with minimum channel raster offset are preferred and they are collected and shown in Table 1. All PRBs achieved the minimum channel raster offset can be further categorized into two sets, S0 and S1. Within one set, center frequency of PRB can be expressed as an arithmetical sequence with common difference of 900 (5*180) KHz.
	Cell BW
	Channel raster offset
	PRB index 
	center frequency of the PRB 

	3MHz 
	7.5KHz 
	S0: 2

S1: 12 
	S0: LTE center freq -7.5 –900*1 (KHz) 

S1: LTE center freq +7.5+900*1 (KHz) 

	5MHz 
	7.5KHz 
	S0: 2,7

S1: 17,22 
	S0: LTE center freq -7.5 –900*N (KHz), N = 2:1 

S1: LTE center freq +7.5+900*M (KHz), M = 1:2 

	10MHz 
	2.5KHz 
	S0: 4, 9, 14, 19
S1: 30, 35, 40, 45 
	S0: LTE center freq -97.5 –900*N (KHz), N = 4:1 

S1: LTE center freq +97.5+900*M (KHz), M =1:4 

	15MHz 
	7.5KHz 
	S0: 2, 7, 12, 17, 22, 27

S1: 32, 42, 47, 52, 57, 62, 67, 72 
	S0: LTE center freq -7.5 –900*N (KHz), N = 6:1 

S1: LTE center freq +7.5+900*M (KHz), M =1:6 

	20MHz 
	2.5KHz 
	S0: 4, 9, 14, 19, 24, 29, 34, 39, 44

S1: 55, 60, 65, 70, 75, 80, 85, 90, 95 
	S0: LTE center freq -97.5 –900*N (KHz), N = 9:1 

S1: LTE center freq +97.5+900*M (KHz), M =1:9


Table 1: PRB with minimum channel raster offset
Proposal 1: For in-band mode, choose the PRB with minimum channel raster offset as NB-IOT carrier.
According to Table1, eNB has more than one PRB achieved minimum channel raster offset. If eNB can choose one appropriate PRB with minimum channel raster offset from S0 and S1 based on one predefined priority list, the NB-IOT UE with the assistance of priority list can further reduce carrier search complexity.

For example, given 10MHz cell bandwidth, there are 8 PRBs with minimum channel raster offset. The priority of channel raster in descending order is defined as
  
   P4: The channel raster that frequency is (500*n) KHz 

>  P3: The channel raster that frequency is (500*n+100) KHz
>  P2: The channel raster that frequency is (500*n+200) KHz

>  P1: The channel raster that frequency is (500*n+300) KHz

>  P0: The channel raster that frequency is (500*n+400) KHz, where n is an integer.
Based on Table 1 and the predefined priority list, the PRBs with the minimum channel raster offset can be further prioritized as table 2.
	LTE center frequency, fc
	Priority of PRB

	(500*i) KHz 
	19 (P4), 30(P4), 14(P3), 9(P2), 45(P2), 4(P1), 40(P1), 35(P0) 

	(500*i +100) KHz
	35(P4), 19(P3), 30(P3), 14(P2), 9(P1), 45(P1), 4(P0), 40(P0)

	(500*i+200) KHz
	 4(P4), 40(P4), 35(P3), 19(P2), 30(P2), 14(P1), 9(P0), 45(P0)

	(500*i+300) KHz
	 9(P4), 45(P4), 4(P3), 40(P3), 35(P2), 19(P1), 30(P1), 14(P0)

	(500*i+400) KHz
	14(P4), 9(P3), 45(P3), 4(P2), 40(P2), 35(P1), 19(P0), 30(P0)


Table 2: Prioritized PRB 
As shown in Figure1, in the case that eNB choose the PRB with the highest priority of P4 as NB-IoT carrier and NB-IoT UE follows the priority list to perform cell search, the worst-case cell search complexity can be reduced to 20%.
Proposal 2: To reduce cell search complexity, PRBs with minimum channel raster offset can be further prioritized in in-band deployment.
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Figure 1: Cell search procedure enhancement
3 Conclusion
In this contribution, we propose enhanced cell search procedure by PRB allocation. Based on the discussion, we have following proposals: 
Proposal 1: For in-band mode, choose the PRB with minimum channel raster offset as NB-IOT carrier.
Proposal 2: To reduce cell search complexity, PRBs with minimum channel raster offset can be further prioritized in in-band deployment.
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