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Introduction
In the scope of NB-IoT TDD, RAN1 sent an LS to RAN4 [1] requesting to consider potential +/-7.5 kHz and 0 khz offset in between DL and UL carrier for NB-IoT TDD.
This contribution further discusses what should be considered in RAN4 specifications to address RAN1 request.
Discussion
Background
RAN1 mention in their LS the following:
	Agreement
2-bit signaling indicates offset between UL PRB center with respect to DL PRB center to be either 7.5kHz, -7.5kHz, or 0 kHz




	RAN1 has removed the text related to tdd-UL-DL-AlignmentOffset in TS36.211 under the assumption that it is better to capture this in the RAN4 specifications. RAN1 requests RAN4 to take this information into account, and kindly inform RAN1 whether tdd-UL-DL-AlignmentOffset is to be implemented in the RAN4 specifications. 



	To: TSG RAN WG4
ACTION: 	RAN1 requests RAN4 to take this information into account, and kindly inform RAN1 whether tdd-UL-DL-AlignmentOffset is to be implemented in the RAN4 specifications. 





Current status
In TS 36.101 and TS 36.104, RAN4 has already specified a certain number of possible positions for NB-IoT carriers and DL-UL offset:
	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}. 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)        (Formula 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}. 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)     (Formula 2)
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:	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. 



From Formula 1, for a given FDL_low, NDL and NOffs-DL, we could evaluate the different positions or offsets that NB-IoT DL carrier could have. Those positions are given in column “DL Offset” of Table 1.
Then, to better identify how current specifications could address RAN1 request, we should evaluate, for each possible position of the DL carrier (column “DL Offset”of Table 1), the position of the UL carrier with an offset of -7.5, 0 and +7.5 kHz. Those positions are given in column “Corresponding UL offset of -7.5 / 0 / +7.5 kHz” of Table 1.
With TDD, FDL_low = FUL_low   and NOffs-DL = NOffs-UL.  Assuming also NDL = NUL, we could evaluate the corresponding values of MUL to support those UL positions, based on Formula 2. This is given in column “Corresponding MUL value” of Table 1.
From all those values needed, and the currently specified range of values for MUL, it’s easy to identify the missing values (highlighted in yellow) to address RAN1’s request.


	MDL values
	DL Offset (kHz)
	Corresponding UL offset of -7.5 / 0 / +7.5 kHz
	Corresponding MUL value

	 
	 
	-55
	-11

	-10
	-47,5
	-47,5
	-9,5

	 
	 
	-40
	-8

	 
	 
	-50
	-10

	-9
	-42,5
	-42,5
	-8,5

	 
	 
	-35
	-7

	 
	 
	-45
	-9

	-8
	-37,5
	-37,5
	-7,5

	 
	 
	-30
	-6

	 
	 
	-40
	-8

	-7
	-32,5
	-32,5
	-6,5

	 
	 
	-25
	-5

	 
	 
	-35
	-7

	-6
	-27,5
	-27,5
	-5,5

	 
	 
	-20
	-4

	 
	 
	-30
	-6

	-5
	-22,5
	-22,5
	-4,5

	 
	 
	-15
	-3

	 
	 
	-25
	-5

	-4
	-17,5
	-17,5
	-3,5

	 
	 
	-10
	-2

	 
	 
	-20
	-4

	-3
	-12,5
	-12,5
	-2,5

	 
	 
	-5
	-1

	 
	 
	-15
	-3

	-2
	-7,5
	-7,5
	-1,5

	 
	 
	0
	0

	 
	 
	-10
	-2

	-1
	-2,5
	-2,5
	-0,5

	 
	 
	5
	1

	 
	 
	-7,5
	-1,5

	-0,5
	0
	0
	0

	 
	 
	7,5
	1,5

	 
	 
	-5
	-1

	0
	2,5
	2,5
	0,5

	 
	 
	10
	2

	 
	 
	0
	0

	1
	7,5
	7,5
	1,5

	 
	 
	15
	3

	 
	 
	5
	1

	2
	12,5
	12,5
	2,5

	 
	 
	20
	4

	 
	 
	10
	2

	3
	17,5
	17,5
	3,5

	 
	 
	25
	5

	 
	 
	15
	3

	4
	22,5
	22,5
	4,5

	 
	 
	30
	6

	 
	 
	20
	4

	5
	27,5
	27,5
	5,5

	 
	 
	35
	7

	 
	 
	25
	5

	6
	32,5
	32,5
	6,5

	 
	 
	40
	8

	 
	 
	30
	6

	7
	37,5
	37,5
	7,5

	 
	 
	45
	9

	 
	 
	35
	7

	8
	42,5
	42,5
	8,5

	 
	 
	50
	10

	 
	 
	40
	8

	9
	47,5
	47,5
	9,5

	 
	 
	55
	11




From above analysis, to properly address RAN1’s request, we would need so to add following MUL values to existing ones: -11,-9.5,-8.5,-7.5,-6.5,-5.5,-4.5,-3.5,-2.5,-1.5,-0.5,0.5,1.5,2.5,3.5,4.5,5.5,6.5,7.5,8.5,9.5, 10, 11.
Further considerations
From the proposed values to be added, two values (-11 and11) might not be needed if we consider that NUL = NDL - 1 or if NUL = NDL + 1.

It should be noted that, in the scope of NB-IoT TDD:
· The +/-7.5 kHz offset might only be needed for NB-IoT in-band and guard band, as for NB-IoT standalone there is no DC to compensate.
· The 0 kHz offset might only be needed for NB-IoT standalone.
Nevertheless, to prepare for NR (where no DC would have to be compensated anymore), we strongly recommend adding those new values for all NB-IoT operation modes, or at least, those values for which DL and UL could have 0 kHz offset. 



Conclusion
[bookmark: _In-sequence_SDU_delivery]In this contribution, we analyzed RAN1’s request and made following proposal:
Proposal:  Add values (-11, -9.5, -8.5, -7.5, -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, 6.5, 7.5, 8.5, 9.5, 10, 11) to current specified range for MUL and for all NB-IoT operation modes.

[bookmark: _GoBack]Based on this proposal, following CRs [2], [3] and [4] are proposed for approval and LS reply to RAN1 [5].
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