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1 Introduction
Reply LS on channel raster for NB-IoT was sent by RAN1 in last meeting [1]:
RAN1 discussed the tolerable frequency offsets related to channel raster and reached the following agreements:
· In in-band operation mode, the maximum offset from the LTE channel raster to the center frequency of an NB-IoT carrier which transmits NB-PSS/SSS is no more than 7.5 kHz. 

· In guard-band operation mode, the center frequency of a NB-IoT carrier which transmits NB-PSS/SSS is fd kHz away from LTE center. Each fd is such that the NB-IoT carrier is within the guard-band, and the center frequency is with a frequency separation from LTE center which is at most 7.5 kHz offset from the 100 kHz channel raster.
For in-band operation, NB-PSS/SSS of an NB-IoT carriers is aligned to a PRB indexed by nRB and the set of nRB consists of LTE PRB indices in the following table (starting from 0). 
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In addition, RAN1 has made the following agreements:
· For NB-IoT UL frequency carrier determination for all deployment scenarios:

· For initial access, the NB-IoT DL/UL frequency separation is configured by higher layers (SIBx) and is cell-specific
· After the initial random access procedure success, there can also be a UE specific configuration for the NB-IoT DL/UL frequency separation

The RF channel numbering for NB-IoT was discussed in [2]. This contribution continues to discuss the channel definition for NB-IoT.
2 Discussion
In [2], an option of defining NB-IoT channels was proposed based on channel numbering as LTE, UMTS and GSM. According to the reply LS from RAN1, it seems some open issues in other WGs may need the RF channel numbering for NB-IoT, at least including something refer to the NB-IoT DL/UL frequency separation indication informed by RAN1 LS.
The concept of “NB-IoT DL/UL frequency separation” seems not quite same as Tx-Rx frequency separation requirement defined in legacy RAN4 specification. We regard it is somehow equivalent to discuss NB-IoT carrier frequency (i.e. RF channel number) which should be specified in RAN4.
2.1 Downlink
In legacy LTE, there is no serving cell downlink carrier frequency (i.e. EARFCN) indication by high-layer signaling [4], since the UE has already been synchronized and knows the carrier frequency implicitly by cell search procedure. Similar, there seems no need to indicate serving cell downlink carrier frequency for NB-IoT, particularly that NB-IoT UE can get the carrier frequency by synchronization and the indication of channel raster offset to 100kHz in serving cell’s MIB from NPBCH [3]. 
However in the SystemInformationBlockType5 [4] received by UE, the inter-frequency carrier frequency information including inter-frequency cell’s downlink carrier frequency (i.e. EARFCN) is broadcasted for the UE to perform inter-frequency cell reselection efficiently. It is expected the similar high-layer signaling IE for NB-IoT may be required for RAN2. 
SystemInformationBlockType5 information element
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Observation 1: High-layer signaling may require downlink RF channel number of NB-IoT for inter-frequency cell information broadcasting.
Hence, it is necessary to define downlink RF channel number for NB-IoT as well, particularly considering the NPSS/NSSS transmitting carrier frequency is not strict align to LTE 100kHz raster for in-band and guard band operation. When performing cell reselection R-criteria evaluation, UE usually evaluates candidate carriers including inter-frequency cell without read each cell’s MIB information. For NB-IoT, since UE cannot get accurate carrier frequency before reading its MIB for in-band and guard band operation, a precise downlink carrier frequency (i.e. RF channel number) indication of inter-frequency carrier is valuable for UE to perform cell reselection R-criteria evaluation.
The downlink carrier frequency of NB-IoT transmitting synchronization signal NPSS/NSSS has a limited offset value set to legacy LTE 100kHz channel raster for in-band and guard band operation of {-7.5kHz, -2.5kHz, 2.5kHz, 7.5kHz} and same as LTE for stand-alone operation [3], to minimum the impact on legacy specification, it can be easily deduced that, downlink channel number FDL_IoT for NB-IoT can be:
FDL_IoT = FDL + 0.0025* (2MDL +1)      equation (1)
Where,
FDL is the legacy LTE downlink EARFCN, calculated by FDL = FDL_low + 0.1*(NDL – NOffs-DL); FDL_low , NDL and NOffs-DL is reuse the same definition as LTE;
MDL= {-2,-1, -0.5, 0, 1} represents all possible offset of NB-IoT channel to LTE downlink EARFCN;

Thus, introduce additional 3-bit indication the MDL is needed while the indication of legacy LTE downlink EARFCN is reused.
Proposal 1: Define NB-IoT downlink RF channel number as FDL_IoT = FDL + 0.0025* (2MDL +1), where FDL is the legacy LTE downlink EARFCN and MDL= {-2,-1, -0.5, 0, 1}.

Observation 2: According to above downlink RF channel number definition, 3-bit additional indication is needed while legacy LTE downlink EARFCN is reused.

2.2 Uplink
In legacy LTE, there is high-layer signaling SystemInformationBlockType2including serving cell uplink carrier frequency (i.e. EARFCN) while no indications of the inter-frequency cell uplink carrier frequency [4]. Similar as LTE, it is expected the similar high-layer signaling IE for NB-IoT may be required for RAN2.
SystemInformationBlockType2 information element
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Observation 3: High-layer system signaling may require uplink RF channel number of NB-IoT for serving cell information broadcasting.
Hence, it is necessary to define uplink RF channel number for NB-IoT. Since it can be read from RAN1’s LS that the uplink carrier location is flexible and not limited to the paired downlink PRB transmitting synchronization signal NPSS/NSSS for in-band and guard band operation, to minimum the impact on legacy specification, it can be easily deduced that all possible uplink channel number FUL_IoT for NB-IoT can be:
FUL_IoT = FUL + 0.0025* (2MUL)       equation (2)
Where,
FUL is the legacy LTE uplink EARFCN, calculated by FUL = FUL_low + 0.1*(NUL – NOffs-UL); FUL_low , NUL and NOffs-UL is reuse the same definition as LTE;
MUL= {-10,-9,-8,-7,-6,-5,-4,-3,-2,-1,0,1,2,3,4,5,6,7,8,9} represents all possible offset of NB-IoT channel to LTE uplink EARFCN;

Thus, introduce additional 5-bit indication the MUL is needed while the indication of legacy LTE uplink EARFCN is reused.

Proposal 2: Define NB-IoT uplink RF channel number as FUL_IoT = FUL + 0.0025* (2MUL), where FUL is the legacy LTE uplink EARFCN and MUL= {-10,-9,-8,-7,-6,-5,-4,-3,-2,-1,0,1,2,3,4,5,6,7,8,9}.

Observation 4: According to above uplink RF channel number definition, 5-bit additional indication is needed while legacy LTE uplink EARFCN is reused.
3 Conclusion

In this contribution, we discuss the usage of RF channel number from the high-layer signalling view and propose the candidate of NB-IoT RF channel number definition which can fully reuse legacy LTE EARFCN in current specification while only several additional bits are needed to represents the NB-IoT carrier frequency offset to LTE EARFCN. Above all, we believe it is necessary to inform RAN2 the RF channel number definition for NB-IoT considering the high-layer signaling on absolute RF channel number may need inputs from RAN4.
Observation 1: High-layer signaling may require downlink RF channel number of NB-IoT for inter-frequency cell information broadcasting.
Proposal 1: Define NB-IoT downlink RF channel number as FDL_IoT = FDL + 0.0025* (2MDL +1), where FDL is the legacy LTE downlink EARFCN and MDL= {-2,-1, -0.5, 0, 1}.

Observation 2: According to above downlink RF channel number definition, 3-bit additional indication is needed while legacy LTE downlink EARFCN is reused.
Observation 3: High-layer signaling may require uplink RF channel number of NB-IoT for serving cell information broadcasting.
Proposal 2: Define NB-IoT uplink RF channel number as FUL_IoT = FUL + 0.0025* (2MUL), where FUL is the legacy LTE uplink EARFCN and MUL= {-10,-9,-8,-7,-6,-5,-4,-3,-2,-1,0,1,2,3,4,5,6,7,8,9}.

Observation 4: According to above uplink RF channel number definition, 5-bit additional indication is needed while legacy LTE uplink EARFCN is reused.
It is proposed to send an LS to RAN2 to inform this NB-IoT RF channel number designation method and request RAN2 to design corresponding signaling.
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