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1	Introduction
In last RAN plenary meeting #83, the revised WID was approved to add the description on the scope of NB-IoT coexistence with NR.
· [bookmark: _Hlk516784255]Study aspects of FDD/TDD NB-IoT coexistence with NR [RAN4, RAN1, RAN2]
· For NB-IoT in-band, guard band and standalone operation co-existence with NR, including the case of NR configured in 15kHz SS Block SCS and the case of 30kHz SS Block SCS as specified in 38.101-1, investigate the following: [RAN4]
· 15KHz, 30KHz, and 60KHz numerologies for NR FR1 concerned bands, with higher priority given first to 15kHz and then to 30kHz
· [bookmark: _Hlk522858168]Channel raster, PRB and subcarrier grid alignment between NB-IoT and NR
· Study feasible NB-IoT carrier(s) placement allocation without RF backward compatibility impact and compatible with Rel’13 NB-IoT and Rel’15 NR, to operate simultaneously within various NR channel bandwidths
· Study if the +6dB downlink RE power boosting can still be allowed for both in-band and guard band operation modes when co-existing with NR
· [bookmark: OLE_LINK24]Synchronization issue between NR and NB-IoT, including timing advance
· Frequency band support in NB-IoT and NR
· Testability applicable to RF
· Coexistence between R15 NR and R13/R14/R15 NB-IoT.
Note: After RAN1 concludes the objective on R16 NB-IoT coexistence aspects, evaluate coexistence between R15 NR and R16 NB-IoT.

In this contribution we provide the consideration on channel raster, PRB and subcarrier grid alignment.
2	Discussion
NB-IoT operation in guard-band is discussed in [2] and in this paper we focus on the case NB-IoT operating in NR in-band.
For NR operation with 15 kHz SCS, subcarrier and PRB alignment can achieve better spectrum efficiency. As shown in figure 2-1, if the NRB is odd, for NR PRB at the left side of NR center, the spacing between NR PRB center and NR carrier center is 180n+7.5, and for NR PRB at the right side, the spacing between NR PRB center and NR carrier center is 180n+172.5. If the NRB is even, for NR PRB at the left side of NR center, the spacing between NR PRB center and NR carrier center is 180n+97.5, and for NR PRB at the right side, the spacing between NR PRB center and NR carrier center is 180n+82.5. 
[image: ]
Figure 2-1 NR PRB center location
For NR FR1 operating bands with 100 kHz channel raster, the NR PRB center offset to 100kHz raster is shown in Table 2-1. It can be found that the offset to 100kHz raster can be as close as +/- 2.5 kHz for NR NRB is even and +/- 7.5 kHz for NR NRB is odd, and the it is repeated every 5 RBs. The downlink carrier frequency for NB-IoT is defined by the following equation.
· FDL = FDL_low + 0.1(NDL – NOffs-DL) + 0.0025*(2MDL+1)
NDL is the downlink EARFCN, MDL is the Offset of NB-IoT Channel Number to downlink EARFCN. For the carrier including NPSS/NSSS for in-band and guard band operation, MDL is selected from {-2,-1,0,1}. For the carrier including NPSS/NSSS for stand-alone operation, MDL = -0.5. I.e. for in-band and guard band operation in LTE the offset to 100 kHz raster can be {+2.5,-2.5,+7.5,-7.5} and for stand-alone operation no offset is introduced. Hence for NR bands with 100 kHz channel raster and 15 kHz SCS, subcarrier and PRB alignment can be achieved for NB-IoT operation in NR in-band.
Proposal 1: for NR bands with 100 kHz channel raster and 15 kHz SCS, subcarrier and PRB alignment can be achieved for NB-IoT operating in NR in-band.

Table 2-1 NR PRB center offset to 100kHz raster
	　
Number of PRB offset
	NRB is even
	NRB is odd

	
	At right side
	Offset to 100k raster
	At left side
	Offset to 100k raster
	At right side
	Offset to 100k raster
	At left side
	Offset to 100k raster

	1
	82.5
	-17.5
	97.5
	-2.5
	172.5
	-27.5
	7.5
	7.5

	2
	262.5
	-37.5
	277.5
	-22.5
	352.5
	-47.5
	187.5
	-12.5

	3
	442.5
	42.5
	457.5
	-42.5
	532.5
	32.5
	367.5
	-32.5

	4
	622.5
	22.5
	637.5
	37.5
	712.5
	12.5
	547.5
	47.5

	5
	802.5
	2.5
	817.5
	17.5
	892.5
	-7.5
	727.5
	27.5

	6
	982.5
	-17.5
	997.5
	-2.5
	1072.5
	-27.5
	907.5
	7.5

	7
	1162.5
	-37.5
	1177.5
	-22.5
	1252.5
	-47.5
	1087.5
	-12.5

	8
	1342.5
	42.5
	1357.5
	-42.5
	1432.5
	32.5
	1267.5
	-32.5

	9
	1522.5
	22.5
	1537.5
	37.5
	1612.5
	12.5
	1447.5
	47.5

	10
	1702.5
	2.5
	1717.5
	17.5
	1792.5
	-7.5
	1627.5
	27.5

	11
	1882.5
	-17.5
	1897.5
	-2.5
	1972.5
	-27.5
	1807.5
	7.5

	12
	2062.5
	-37.5
	2077.5
	-22.5
	2152.5
	-47.5
	1987.5
	-12.5

	13
	2242.5
	42.5
	2257.5
	-42.5
	2332.5
	32.5
	2167.5
	-32.5

	14
	2422.5
	22.5
	2437.5
	37.5
	2512.5
	12.5
	2347.5
	47.5

	15
	2602.5
	2.5
	2617.5
	17.5
	2692.5
	-7.5
	2527.5
	27.5

	16
	2782.5
	-17.5
	2797.5
	-2.5
	2872.5
	-27.5
	2707.5
	7.5

	17
	2962.5
	-37.5
	2977.5
	-22.5
	3052.5
	-47.5
	2887.5
	-12.5

	18
	3142.5
	42.5
	3157.5
	-42.5
	3232.5
	32.5
	3067.5
	-32.5

	19
	3322.5
	22.5
	3337.5
	37.5
	3412.5
	12.5
	3247.5
	47.5

	20
	3502.5
	2.5
	3517.5
	17.5
	3592.5
	-7.5
	3427.5
	27.5

	21
	3682.5
	-17.5
	3697.5
	-2.5
	3772.5
	27.5
	3607.5
	7.5

	[bookmark: OLE_LINK58]…
	…
	…
	…
	-22.5
	…
	…
	…
	

	n+1
	180n+82.5
	　
	180n+97.5
	-42.5
	180n+172.5
	　
	180n+7.5
	　



SCS based channel raster may also be used for NR FR1 operating bands, e.g. band 41 is used by NR with 15 kHz/30 kHz channel raster. Assume  is the center frequency of a NR carrier, so  is a multiple of 15-kHz, i.e. 15m (m is an integer). The center frequency of a NR PRB can be denoted as  , i.e.  (n is an integer) if total number of NR RBs is even. If total number of NR RBs is odd, then the center of a NR PRB can be denoted as , i.e.. For different value of m and n, the offset of a NR PRB center to 100-kHz channel raster can meet the offset {+2.5,-2.5,+7.5,-7.5}. Take m=1, n=5 for even number of NR RBs as an example, the offset to 100-kHz channel raster can be -2.5kHz. Thus when TDD NB-IoT carrier is deployed within a NR carrier in NR BAND 41, the subcarrier and PRB alignment can be achieved.
	NRB is odd

	Offset to 100k raster
	m=1
	m=2
	m=3
	m=4
	m=5
	…

	-17.5
	-2.5
	12.5
	27.5
	42.5
	-42.5
	…

	-37.5
	-22.5
	-7.5
	7.5
	22.5
	37.5
	…

	42.5
	-42.5
	-27.5
	-12.5
	2.5
	17.5
	…

	22.5
	37.5
	-47.5
	-32.5
	-17.5
	-2.5
	…

	2.5
	17.5
	32.5
	47.5
	-37.5
	-22.5
	…



[bookmark: OLE_LINK60]Proposal 2: for NR bands with 15 kHz channel raster and 15 kHz SCS, subcarrier and PRB alignment can be achieved for NB-IoT operating in NR in-band.
3	Conclusions
[bookmark: OLE_LINK3]In this contribution we provide discussion on Channel raster, PRB and subcarrier grid alignment for NB-IoT operation in NR in-band.
Proposal 1: for NR bands with 100 kHz channel raster and 15 kHz SCS, subcarrier and PRB alignment can be achieved for NB-IoT operating in NR in-band.
Proposal 2: for NR bands with 15 kHz channel raster and 15 kHz SCS, subcarrier and PRB alignment can be achieved for NB-IoT operating in NR in-band.
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