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1	Introduction
Due to the limited DL/UL resource on anchor carrier in TDD, SIB1-NB and SI message can also be transmitted on non-anchor carrier. For in-band and guard-band operation mode, it is not ambiguity that the non-anchor carrier is deployed next to the anchor carrier on the LTE PRB grid. Meanwhile for standalone operation mode, there may be many possible values of frequency offset on “adjacent carrier” which will cause confusion in the current specification.
In this contribution we provide analysis and solutions on the issue.
2	Discussion
In RAN1 the following agreement was made in RAN1#93 meeting
Agreement
For standalone anchors, the frequency offset between anchor and SIB1-NB non-anchor carrier is up to RAN4.
Note: there is no RAN1 specification impact.
In current TS 36.104, the EARFCN for TDD NB-IoT is defined as below.
FDL = FDL_low + 0.1(NDL – NOffs-DL) + 0.0025*(2MDL+1)
FUL = FUL_low + 0.1(NUL – NOffs-UL) + 0.0025*(2MUL)
Where MDL is in the range {-10,-9,-8,-7,-6,-5,-4,-3,-2,-1,-0.5,0,1,2,3,4,5,6,7,8,9}, and MDL = -0.5 is not applicable for in-band and guard band operation;
      MUL is in the range {-11,-10,-9.5,-9,-8.5,-8,-7.5,-7,-6.5,-6,-5.5,-5,  -4.5,-4,-3.5,-3,-2.5,-2,-1.5,-1,-0.5, 0, 0.5, 1, 1.5, 2, 2.5,3,3.5,4,4.5,5,5.5,6,6.5,7,7.5,8,8.5,9,9.5,10, 11}
From the equations, it can be found that for standalone operation anchor carrier and non-anchor carrier can not be SC orthogonal which need larger spacing to optimize performance. And MIB-TDD-NB only uses 1 bit to indicate SIB1-NB non-anchor carrier location. Hence the offset between anchor carrier and non-anchor carrier is ambiguity. The understanding on the offsets could be different from companies if keeping current EARFCN and MDL unchanged. It depends on the operator’s spectrum.  It could be around 300 KHz for better performance, or around 200 KHz due to limited spectrum holding. The issue on non-anchor carrier position was discussed in Rel-14 maintenance work for FDD NB-IoT and the major obstacle is the impact to the legacy UE to add new offsets. We think it is different case for Rel-15 TDD NB-IoT. We do not have legacy TDD NB-IoT deployment currently. If we update the EARFCN to add more frequency points on the offsets to include the PRB grid on the non-anchor carriers, similar as in-band operation, the SIB1-NB non-anchor carrier can be allocated just next to the anchor carrier on the PRB grid, i.e. the offset is 180KHz. It is proposed to add {+3.5,-4.5,+7.5,-8.5} for the MDL for non-anchor standalone operation.  It is noted that there is no need to update UL.
==== Proposed changes for TDD NB-IoT ====
The carrier frequency of NB-IoT in the downlink is designated by the E-UTRA Absolute Radio Frequency Channel Number (EARFCN) in the range 0 – 262143 and the Offset of NB-IoT Channel Number to EARFCN in the range {-10,-9,-8,-7,-6,-5,-4,-3,-2,-1,-0.5,0,1,2,3,4,5,6,7,8,9} for FDD and in the range {-10,-9,-8.5,-8,-7,-6,-5,-4.5,-4,-3,-2,-1,-0.5,0,1,2,3,3.5,4,5,6,7,7.5,8,9} for TDD. The relation between EARFCN, Offset of NB-IoT 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 NB-IoT, FDL_low and NOffs-DL are given in table 5.7.3-1, NDL is the downlink EARFCN, MDL is the Offset of NB-IoT Channel Number to downlink EARFCN.
	FDL = FDL_low + 0.1(NDL – NOffs-DL) + 0.0025*(2MDL+1)
The carrier frequency of NB-IoT in the uplink is designated by the E-UTRA Absolute Radio Frequency Channel Number (EARFCN) in the range 0 –262143, and the Offset of NB-IoT Channel Number to EARFCN in the range {-10,-9,-8,-7,-6,-5,-4,-3,-2,-1,0,1,2,3,4,5,6,7,8,9} for FDD and in the range {-11,-10,-9.5,-9,-8.5,-8,-7.5,-7,-6.5,-6,-5.5,-5,  -4.5,-4,-3.5,-3,-2.5,-2,-1.5,-1,-0.5,0,0.5,1,1.5,2,2.5,3,3.5,4,4.5,5,5.5,6,6.5,7,7.5,8,8.5,9,9.5,10, 11} for TDD. The relation between EARFCN, Offset of NB-IoT 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 NB-IoT, FUL_low and NOffs-UL are given in table 5.7.3-1, NUL is the uplink EARFCN, MUL is the Offset of NB-IoT Channel Number to uplink EARFCN.
	FUL = FUL_low + 0.1(NUL – NOffs-UL) + 0.0025*(2MUL)
NOTE 1:	For NB-IoT, NDL or NUL is different than the value of EARFCN that corresponds to E-UTRA downlink or uplink carrier frequency for in-band and guard band operation.
NOTE 2:	For FDD MDL = -0.5 is not applicable for in-band and guard band operation. For TDD MDL {-0.5,+3
5,-4.5,+7.5,-8.5} is not applicable for in-band and guard band operation.
NOTE 3:	For the carrier including NPSS/NSSS for in-band and guard band operation, MDL is selected from {-2,-1,0,1}.
NOTE 4:	For the carrier including NPSS/NSSS for stand-alone operation, MDL = -0.5.

3	Conclusions
In this contribution, we have some discussion on non-anchor carrier offset for TDD NB-IoT standalone mode. We propose to add {+3.5,-4.5,+7.5,-8.5} for the MDL for non-anchor standalone operation. 
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