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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
During an initial cell search procedure, the UE scans a frequency band in order to find a cell it may connect to. Only certain frequency domain places, satisfying the channel raster, are searched for the synchronization. A fixed channel raster of 100 kHz is used by LTE systems [1][2] , which can operate on various system bandwidths: 1.4, 3, 5, 10, 15 and 20 MHz. 
At RAN1#82bis, a number of contributions [3] and [4] raised concerns on the channel raster for the NB-IoT system when deployed in in-band and guard-band of existing LTE systems. In this contribution, the impacts of channel raster are analyzed in detail for NB-IoT. The analysis of the standalone deployment is not included, which is expected to be able to fully reuse existing channel raster designs.
In-band deployment
Downlink
In order to support the smooth multiplexing of NB-IoT and LTE for in-band deployment (i.e. a LTE PRB is allocated for NB-IoT without fragment), the band of NB-IoT should be exactly aligned with the allocated LTE PRB. On the other hand, if NB-IoT uses the LTE channel raster, NB-IoT centre frequency would be an integer multiple of 100 kHz, which will never coincide with the centre frequency of the PRBs to be possibly allocated for NB-IoT in-band operation (the PRBs for LTE PSS/SSS/PBCH transmission are assumed to not be used for NB-IoT) due to the unused DC subcarrier in LTE.
Figure 1 shows the centre frequencies of the LTE PRBs that could be considered to be allocated for NB-IoT DL in-band operation (i.e. excluding the PRBs for LTE PSS/SSS/PBCH). 


[bookmark: _Ref433790810]Figure 1. Centre frequency of NB-IoT deployed in-band LTE
Comparing with the 100kHz LTE channel raster, it can be easily deduced that 
· In LTE with 10MHz or 20MHz system bandwidth
· The frequency offset between the centre of an LTE PRB and its closest 100kHz channel raster is among {2.5kHz, 17.5kHz, 22.5kHz, 37.5kHz, 42.5kHz}.
· In LTE with 3MHz, 5MHz or 15MHz system bandwidth
· The frequency offset between the centre of an LTE PRB and its closest 100kHz channel raster is among {7.5kHz, 12.5kHz, 27.5kHz, 32.5kHz, 47.5kHz}.

Table 1 shows the LTE PRB indices corresponding to the minimum frequency offset from the closest channel raster (i.e. 2.5kHz for LTE with 10MHz or 20MHz system bandwidth, 7.5kHz for LTE with 3MHz, 5MHz or 15MHz system bandwidth). 
[bookmark: _Ref433727043]Table 1. LTE PRB indices (starting from 0) corresponding to the minimum frequency offset
	LTE system bandwidth 
	3MHz 
	5MHz 
	10MHz 
	15MHz 
	20MHz 

	PRB indices with 2.5kHz offset
	/
	/
	4, 9, 14, 19,
30, 35, 40, 45
	/
	4, 9, 14, 19, 24, 29, 34, 39, 44, 55, 60, 65, 70, 75, 80, 85, 90, 95

	PRB indices with 7.5 kHz offset
	2, 12
	2, 7, 17, 22
	/
	2, 7, 12, 17, 22, 27, 32, 42, 47, 52, 57, 62, 67, 72
	/


Observation 1: The DL carrier centre frequency of NB-IoT will not be an integer multiple of 100 kHz in in-band operation mode if the band of NB-IoT is aligned with an LTE PRB that is not used for LTE PSS/SSS/PBCH transmission.
Observation 2: The minimum frequency offset between the centre of an LTE PRB that is not used for LTE PSS/SSS/PBCH transmission and its closest 100 kHz channel raster is 2.5kHz for LTE with 10/20 MHz system bandwidth, whilst 7.5 kHz for LTE with 3/5/15 MHz system bandwidth.
Uplink
In LTE FDD, the carrier centre frequency of uplink could follow the default separation from downlink on each operating band or other separations intended for future use cases. The same separation as LTE cannot be applied for NB-IoT due to the unused DC subcarrier in LTE DL and 7.5kHz frequency shift in LTE UL. Figure 2 shows the different DL/UL separations for LTE and NB-IoT. It can be seen that a ±7.5kHz offset exists for NB-IoT DL/UL separation compared to LTE DL/UL separation assuming the same indexed LTE DL and UL PRBs are allocated respectively for NB-IoT DL and UL. 


[bookmark: _Ref433794658]Figure 2. Uplink centre frequency of NB-IoT in in-band operation mode
Observation 3: There is a ±7.5kHz offset in addition to the LTE FDD DL/UL centre frequency separation for NB-IoT DL/UL centre frequency separation if the same indexed LTE DL and UL PRBs are allocated respectively for NB-IoT DL and UL.
Guard-band deployment
Downlink
Different from in-band deployment, there is no restriction that the NB-IoT band is aligned with an LTE PRB. However, to maintain the orthogonality between the DL subcarriers of LTE and NB-IoT, the edge-to-edge frequency separation of LTE DL band and NB-IoT DL band should be an integer multiple of 15 kHz (or 3.75 kHz for the alternative DL numerology). The possible NB-IoT DL carrier centre frequencies that are closest to 100kHz channel raster and with edge-to-edge distance of an integer multiple of 15kHz are shown in Table 2.
[bookmark: _Ref433893025]Table 2. NB-IoT possible DL carrier centre frequencies in guard-band operation mode
	LTE system bandwidth 
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Edge frequency of LTE transmission (kHz)
	±2257.5
	±4507.5
	±6757.5
	±9007.5

	NB-IoT carrier centre frequency closest to  100kHz channel raster (kHz)
	±2392.5
	±
4597.5/4702.5
/4807.5/4897.5
	±
6892.5/6997.5/7102.5/7207.5/7297.5/7402.5
	±
9097.5/9202.5/9307.5/9397.5/9502.5/9607.5/9697.5/9802.5/9907.5

	Frequency offset from the 100 kHz channel raster (kHz)
	7.5
	2.5/-2.5/-7.5/2.5
	7.5/2.5/-2.5/-7.5/2.5/7.5
	2.5/-2.5/-7.5/2.5/-2.5/-7.5/2.5/-2.5/-7.5/2.5

	Edge-to-edge separation of LTE and NB-IoT (kHz)
	45
	0/105/210/300
	45/150/255/360/450/555
	0/105/210/300/405/510/600/705/810


Observation 4: The DL carrier centre frequency of NB-IoT will not be an integer multiple of 100 kHz in guard-band operation mode if the edge-to-edge frequency separation of LTE DL band and NB-IoT DL band is an integer multiple of 15 kHz.
Uplink
Due to the unused DC subcarrier in DL and 7.5kHz shift in UL, the transmission bandwidth of LTE UL shrinks by one subcarrier (i.e. 15kHz) compared to LTE DL while their centre frequencies follow the default separation on each operating band. Therefore, it is safe to reuse the LTE DL/UL frequency separation for NB-IoT in guard-band operation mode. New separations could be considered if the same DL/UL separation as in in-band mode is desired.  
Observation 5: The same DL/UL frequency separation as LTE could be reused by the NB-IoT DL/UL in the guard-band operation mode. 
Definition of channel raster
In [1] and [2], the channel raster for LTE is defined as 
“The channel raster is 100 kHz for all bands, which means that the carrier centre frequency must be an integer multiple of 100 kHz.”  
Based on the preceding analysis, it is challenging for NB-IoT downlink (and uplink if no advanced frequency separation scheme is applied) to strictly follow the same channel raster as LTE when deployed in in-band and guard-band operation modes. Therefore, relaxed requirements (e.g. a certain frequency offset to the channel raster is allowable) or a new raster spacing could be considered for NB-IoT in in-band and guard-band operation modes. 
It should be noted that the initial cell search time and cell search complexity at receiver (in terms of the number of hypothesis testing) is proportionate to the number of possible center frequencies which is jointly determined by the total bandwidth available for the system, the allowed frequency offset and raster spacing. Therefore, the initial cell search time and the receiver complexity should be taken into account for the definition of the NB-IoT channel raster.

Observation 6: There is a tradeoff between the initial cell search performance/complexity and NB-IoT channel raster spacing/channel raster frequency offset requirement.  
Proposal: NB-IoT channel raster selection should consider cell search performance and complexity as well as the necessary rules for channel raster spacing, frequency offset, and UL/DL separation in each operation mode.
[bookmark: _Ref129681832]Conclusions
In this contribution, the impacts of channel raster are analyzed for the NB-IoT in-band and guard-band operation modes. The following observations are drawn based on the analysis:
Observation 1: The DL carrier centre frequency of NB-IoT will not be an integer multiple of 100 kHz in in-band operation mode if the band of NB-IoT is aligned with an LTE PRB that is not used for LTE PSS/SSS/PBCH transmission.
Observation 2: The minimum frequency offset between the centre of an LTE PRB that is not used for LTE PSS/SSS/PBCH transmission and its closest 100 kHz channel raster is 2.5kHz for LTE with 10/20 MHz system bandwidth, whilst 7.5 kHz for LTE with 3/5/15 MHz system bandwidth.
Observation 3: There is a ±7.5kHz offset in addition to the LTE FDD DL/UL centre frequency separation for NB-IoT DL/UL centre frequency separation if the same indexed LTE DL and UL PRBs are allocated respectively for NB-IoT DL and UL.
Observation 4: The DL carrier centre frequency of NB-IoT will not be an integer multiple of 100 kHz in guard-band operation mode if the edge-to-edge frequency separation of LTE DL band and NB-IoT DL band is an integer multiple of 15 kHz.
Observation 5: The same DL/UL frequency separation as LTE could be reused by the NB-IoT DL/UL in the guard-band operation mode. 
Observation 6: There is a tradeoff between the initial cell search performance/complexity and NB-IoT channel raster spacing/channel raster frequency offset requirement.  
Proposal: NB-IoT channel raster selection should consider cell search performance and complexity as well as the necessary rules for channel raster spacing, frequency offset, and UL/DL separation in each operation mode.
Communication with RAN4 on this issue may be needed also.
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