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1	Introduction
One of the remining issues for the system parameters is the channel number offset for NB-IoT [1]. The discussions have been focused on two options [2]: 1) reuse existing M_DL values; 2) apply a general shift of 0.5 to the existing values, i.e. to use M_DL+0.5. In the following, we share our further analysis and proposals for the issue.
2	Discussion
[bookmark: _GoBack]The existing channel number offset MDL/MUL defined in the TN specifications were initially designed for in-band and guard-band deployment. Extra values for the offset were added for TDD in Rel-16 to facilitate the deployment of non-anchor carriers in standalone mode [3], which enables the spacing of 180kHz and 240kHz between anchor and non-anchor carriers in addition to 300kHz.
Observation 1: The existing channel number offset MDL/MUL for FDD are designed for in-band/guard-band deployment within an E-UTRA carrier. 
This also explains why a completely new set of values, i.e. {-9.5, -8.5, -6.5, -5.5, -4.5, -3.5, -2.5 -1.5, -0.5, 0.5, 1.5, 2.5, 3.5, 4.5, 5.5, 7.5, 8.5} were proposed in [4] in order to enable flexible spacing (i.e. 180+15*n kHz) between anchor and non-anchor carriers for standalone mode.
The main constraints applicable for in-band mode but not for standalone mode are: the restriction of the LTE RB grid and the unused DC sub-carrier in the DL. Consequently, the current MDL values of {-10,-9,-8,-7,-6,-5,-4,-3,-2,-1,-0.5,0,1,2,3,4,5,6,7,8,9} are defined to ensure the NB-IoT carriers are aligned with the LTE PRBs. Since there’s no DC sub-carrier in the LTE UL, the formula for the DL carrier frequency FDL is slightly different from FUL for UL.
Observation 2: There’s a reserved DC sub-carrier which does not belong to any PRB in the LTE DL, while there’s no DC sub-carrier in the UL. Hence, there’s an extra offset of 0.0025 for FDL compared with FUL, i.e. 0.0025*(2MDL+1) vs 0.0025*(2MUL).
Since the current WI targets for standalone deployment for NB-IoT NTN, either observation 1 or 2 do not apply. Therefore, it’s feasible to start on a clean slate to design the channel number offset for NB-IoT NTN.
First of all, the formula for FDL can have the same form as that for FUL. For example:
FDL = FDL_low + 0.1(NDL – NOffs-DL) + 0.0025*(2MDL)
FUL = FUL_low + 0.1(NUL – NOffs-UL) + 0.0025*(2MUL)
With these definitions, both MDL and MUL can have the same value range of {-10, -9, -8, -7, -6, -5, -4, -3, -2, -1, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9}, and in the meantime enable the same flexible spacing as proposed in [4].
Proposal 1: Define the formula for the DL carrier frequency FDL using the same form as for the UL carrier frequency FUL. And define the value range for both MDL and MUL as {-10, -9, -8, -7, -6, -5, -4, -3, -2, -1, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9}.
The additional benefit of proposal 1 is that it’s potentially forward compatible with NR-NTN in-band deployment. The coexistence between NB-IoT and NR has been studied in TR 37.824 [5], which shows the constraints on the channel number offset MDL as follows.
[bookmark: _Toc20741350]5.2.1.6.1.4	Conclusion
NB-IoT and NR operating with 15 kHz SCS could coexist in NR bands supporting 100 kHz channel raster while optimizing resource utilization by aligning respective RBs. The RB index to deploy NB-IoT, for a given channel bandwidth with a transmission bandwidth configuration of NRB, is given by: 
-	If NRB is even: 
 	with      (Eq6.1)
-	If NRB is odd:
		with     (Eq6.2)
With the additional condition those candidates RBs shall not overlap in the following range: 
		    (Cond6.1)
	where  is an integer, and .  
From those equations, it’s then possible to determine where to deploy NB-IoT in-band of a given NR frequency deployment. Or vice-versa, it’s possible to determine how to deploy NR for a given NB-IoT frequency deployment, with NB-IoT operating in-band NR.
Those equations could be used to determine the position of NB-IoT anchor RB (MDL as then limited set of values {-2,-1,0,1}), or of any non-anchor RB (MDL possible values would be then in the range of {-10,-9,-8,-7,-6,-5,-4,-3,-2,-1,0,1,2,3,4,5,6,7,8,9}).


Note that the above conclusion in TR 37.824 assumes that FDL takes the form below for in-band deployment.
FDL = FDL_low + 0.1(NDL – NOffs-DL) + 0.0025*(2MDL+1)
Observation 3: The value range of {-10, -9, -8, -7, -6, -5, -4, -3, -2, -1, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9} for MDL and MUL is potentially forward compatible with NR-NTN in-band deployment.
3	Conclusion
In this paper, we have shared our further analysis on the channel number offset issue. The following observations and proposals are presented:
Observation 1: The existing channel number offset MDL/MUL for FDD are designed for in-band/guard-band deployment within an E-UTRA carrier. 
Observation 2: There’s a reserved DC sub-carrier which does not belong to any PRB in the LTE DL, while there’s no DC sub-carrier in the UL. Hence, there’s an extra offset of 0.0025 for FDL compared with FUL, i.e. 0.0025*(2MDL+1) vs 0.0025*(2MUL).
Proposal 1: Define the formula for the DL carrier frequency FDL using the same form as for the UL carrier frequency FUL. And define the value range for both MDL and MUL as {-10, -9, -8, -7, -6, -5, -4, -3, -2, -1, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9}.
Observation 3: The value range of {-10, -9, -8, -7, -6, -5, -4, -3, -2, -1, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9} for MDL and MUL is potentially forward compatible with NR-NTN in-band deployment.
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[bookmark: _Toc117689385]5.4B.2	Channel raster, carrier frequency and EARFCN
The channel raster of UE category NB1/NB2 shall be as defined in clause 5.4.2, and the channel raster per-frequency band shall be as defined in table 5.4.2-1. 
The carrier frequency of UE category NB1/NB2 in the downlink is designated by the E-UTRA Absolute Radio Frequency Channel Number (EARFCN) as defined in Table 5.4.2-1, and the Offset of category NB1/NB2 Channel Number to EARFCN in the range of {-10, -9, -8, -7, -6, -5, -4, -3, -2, -1, -0.5, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9} for FDD.in the range 0 – 262143. The relation between EARFCN, Offset of category NB1/NB2 Channel Number to EARFCN and the carrier frequency in MHz for the downlink is given by the following equation, where FDL is the downlink carrier frequency of category NB1/NB2, FDL_low and NOffs-DL are given in table 5.4.2-1, NDL is the downlink EARFCN, MDL is the Offset of category NB1/NB2 Channel Number to downlink EARFCN.
FDL = FDL_low + 0.1(NDL – NOffs-DL) + 0.0025*(2MDL+1)
The carrier frequency of UE category NB1/NB2 in the uplink is designated by the E-UTRA Absolute Radio Frequency Channel Number (EARFCN) as defined in Table 5.4.2-1, and the Offset of category NB1/NB2 Channel Number to EARFCN in the range of {-10, -9, -8, -7, -6, -5, -4, -3, -2, -1, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9} for FDDin the range 0 –262143. The relation between EARFCN, Offset of category NB1/NB2 Channel Number to EARFCN and the carrier frequency in MHz for the uplink is given by the following equation, where FUL is the uplink carrier frequency of category NB1/NB2, FUL_low and NOffs-UL are given in table 5.4.2-1, NUL is the uplink EARFCN, MUL is the Offset of category NB1/NB2 Channel Number to uplink EARFCN.
FUL = FUL_low + 0.1(NUL – NOffs-UL) + 0.0025*(2MUL)
NOTE 1: Guard-band operation and in-band operation for NB-IoT are not supported in this version of the specification.
NOTE 2:	For the carrier including NPSS/NSSS for stand-alone operation, MDL = 0-0.5.
Editor’s note: FFS on MDL offsets values for non anchor carrier for DL.  The outcome for the MDL issue may mean revisiting some of the above text as necessary.

