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1.
Introduction

RAN1 has sent an LS [1] to RAN4 to ask whether tdd-UL-DL-AlignmentOffset is to be implemented in the RAN4 specifications, to support UL PRB to DL PRB center offset for TDD NB-IoT. Two different reply LS were discussed in RAN4#88Bis [2, 3] with no conclusion.
This contribution provides our analysis to the issue, and our proposal to implement tdd-UL-DL-AlignmentOffset in the RAN4 specifications.
2.
Discussion
RAN1 has stated in the LS [1] that ‘offset between UL PRB center with respect to DL PRB center to be either 7.5kHz, -7.5kHz, or 0 kHz’. To allow sub-carrier orthogonality between E-UTRA sub-carriers and stand-alone/in-band/guard-band NB-IoT sub-carriers, RAN4 specifications have already supported certain DL and UL carrier offsets as extracted below from TS 36.101 [4]:
<Start of extraction>

5.7.3F
Carrier frequency and EARFCN for category NB1 and NB2

The carrier frequency of category NB1/NB2 in the downlink is designated by the E-UTRA Absolute Radio Frequency Channel Number (EARFCN) in the range 0 – 262143 and the Offset of category NB1/NB2 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}. 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 5.7.3-1, 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 category NB1/NB2 in the uplink is designated by the E-UTRA Absolute Radio Frequency Channel Number (EARFCN) in the range 0 –262143 and the Offset of category NB1/NB2 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}. 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 5.7.3-1, 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:
For category NB1/NB2, 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:
MDL = -0.5 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.
<End of extraction>

Note that for TDD operating bands, the terms ‘FDL_low + 0.1(NDL – NOffs-DL)’ and ‘FUL_low + 0.1(NUL – NOffs-UL)’ have the same value (as specified in Table 5.7.3-1 of [4]). Therefore, the UL PRB to DL PRB center offset for TDD NB-IoT can be obtained as 0.0025*(2MUL) - 0.0025*(2MDL+1) = 0.0025*(2MUL - 2MDL-1) in MHz = 2.5*(2MUL - 2MDL-1) in kHz. Now to achieve an UL PRB to DL PRB center offset as 7.5kHz, -7.5kHz, or 0 kHz, the term ‘(2MUL - 2MDL - 1)’ needs to be 3, -3, or 0, respectively; i.e. the term ‘MUL - MDL’ needs to be 2, -1, or 0.5.
Assuming the 0 kHz UL PRB to DL PRB center offset is applicable only for the carrier including NPSS/NSSS for stand-alone operation. In this case MDL = -0.5, and thus MUL - MDL = 0.5 can be achieved (to obtain 0 kHz offset) with MUL = 0. Otherwise, to achieve MUL - MDL = 0.5, the MUL values needs to be in 0.5 step. On the other hand, to achieve MUL - MDL = 2 or -1 for the other MDL values, the range of MUL values needs to be extended to {-10 - 1,…,9 + 2}.

Therefore, to implement tdd-UL-DL-AlignmentOffset in the RAN4 specifications, we propose to extend the range of MUL values to {-10 - 1,…,9 + 2} in 0.5 step as modified below:
<Start of extraction>

5.7.3F
Carrier frequency and EARFCN for category NB1 and NB2

The carrier frequency of category NB1/NB2 in the downlink is designated by the E-UTRA Absolute Radio Frequency Channel Number (EARFCN) in the range 0 – 262143 and the Offset of category NB1/NB2 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}. 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 5.7.3-1, 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 category NB1/NB2 in the uplink is designated by the E-UTRA Absolute Radio Frequency Channel Number (EARFCN) in the range 0 –262143 and the Offset of category NB1/NB2 Channel Number to EARFCN 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}. 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 5.7.3-1, 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:
For category NB1/NB2, 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:
MDL = -0.5 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.
<End of extraction>

3.
Conclusion
This contribution has provided our analysis to the issue, and our proposal to implement tdd-UL-DL-AlignmentOffset in the RAN4 specifications. We propose to extend the range of MUL values in the current RAN4 specifications from {-10,…, 9} to {-11,…,11} in 0.5 step. Corresponding CRs to implement our proposal are provided in [5-7], and the reply LS to RAN1 is provided in [8].
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