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1   Introduction
During X2 Setup and eNB Configuration update procedures, the cell frequency information is exchanged between eNBs, for EUTRAN FDD cells, E-UTRAN TDD cells, and FDD NB-IoT cells. In order to provide correct information of FDD NB-IoT Cells, the Offset of NB-IoT Channel Number to UL EARFCN and Offset of NB-IoT Channel Number to DL EARFCN were introduced.
 In Rel-15, TDD was supported by NB-IoT, but how to exchange the correct frequency information was not discussed. 
In this contribution, we discuss how to exchange correct NB-IoT TDD cell frequency information.

2   Discussion

In TS 36.104, the formula to calculate UL and DL carrier frequency of NB-IoT FDD and TDD Cells are provided:
	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.


Furthermore, for NB-IoT TDD there is a defined offset between the UL carrier frequency center with respect to DL carrier frequency center, named as TDD-UL-DL-AlignmentOffset-NB:
	–
TDD-UL-DL-AlignmentOffset-NB

The IE TDD-UL-DL-AlignmentOffset-NB is used to specify the offset between the UL carrier frequency center with respect to DL carrier frequency center. This information should be used to calculate the Mul value, see TS 36.101 [42].
TDD-UL-DL-AlignmentOffset-NB information element

-- ASN1START

TDD-UL-DL-AlignmentOffset-NB-r15 ::=



ENUMERATED {
khz-7dot5, khz0, khz7dot5}

-- ASN1STOP


Based on the definitions above, there are two possible ways to provide the correct frequency info for NB-IoT TDD Cells:

Option 1: exchange “DL Offset of NB-IoT Channel Number to DL EARFCN” and “UL Offset of NB-IoT Channel Number to UL EARFCN”

· DL Offset of NB-IoT Channel Number to EARFCN
· {-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}
· UL Offset of NB-IoT Channel Number to EARFCN

· {-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}
Standard impact of option 1:

· Introduce 
Offset of NB-IoT Channel Number to DL EARFCN IE in X2AP: Served Cell Information IE.

· Introduce Offset of NB-IoT Channel Number to UL EARFCN IE in X2AP: Served Cell Information IE.

· Extend the X2AP: Offset of NB-IoT Channel Number to EARFCN IE with the new code points:  -11,-9.5,-8.5,-7.5,-6.5,-5.5, -4.5,-3.5,-2.5,-1.5, 0.5, 1.5, 2.5, 3.5, 4.5, 5.5, 6.5, 7.5, 8.5, 9.5, 10, 11.

Option 2: exchange “DL Offset of NB-IoT Channel Number to DL EARFCN” and “TDD-UL-DL-AlignmentOffset-NB”

· DL Offset of NB-IoT Channel Number to EARFCN

· {-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}
· TDD-UL-DL-AlignmentOffset-NB
· {
khz-7dot5, khz0, khz7dot5}
Standard impact of option 2:

· Introduce 
Offset of NB-IoT Channel Number to DL EARFCN IE in X2AP: Served Cell Information IE.
· Extend the X2AP: Offset of NB-IoT Channel Number to EARFCN IE with the new code points:  -8.5,-4.5, 3.5, 7.5.
· Introduce UL DL alignment offset IE defined as ENUMERATED (khz-7dot5, khz0, khz7dot5, …) in X2AP: Served Cell Information IE.

Considering that there are only three possible offsets between UL and DL as defined by the TDD-UL-DL-AlignmentOffset-NB, option 1 will lead to more potential mismatched configurations in which the UL and DL does not fit to these three possible offsets, it is much more safer and straight forward to choose option 2 as the way to exchange NB-IoT TDD Cell frequency info.

Proposal:  exchange “DL Offset of NB-IoT Channel Number to DL EARFCN” and “TDD-UL-DL-AlignmentOffset-NB” for NB-IoT TDD Cell.

3   Proposal
In this contribution, we discuss how to provide correct frequency information of NB-IoT TDD Cells between eNBs, and get the following proposal:
Proposal:  exchange “DL Offset of NB-IoT Channel Number to DL EARFCN” and “TDD-UL-DL-AlignmentOffset-NB” for NB-IoT TDD Cell.

It is also proposed to agree the corresponding X2AP CR in [1].
The XnAP related part will be discussed in [2].

4   Reference

[1] R3-193397 Correction of NB-IoT TDD Cell Frequency info, CR to TS36.423, Huawei
[2] R3-193403 NB-IoT cell frequency information exchange over Xn, Huawei
5   Text Proposal
9.2.8
Served Cell Information

This IE contains cell configuration information of a cell that a neighbour eNB may need for the X2 AP interface.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	 PCI
	M
	
	INTEGER (0..503, …)
	Physical Cell ID
	–
	–

	Cell ID
	M
	
	ECGI

9.2.14
	
	–
	–

	TAC
	M
	
	OCTET STRING(2)
	Tracking Area Code
	–
	–

	Broadcast PLMNs
	
	1..<maxnoofBPLMNs>
	
	Broadcast PLMNs
	–
	–

	>PLMN Identity
	M
	
	9.2.4
	
	–
	–

	CHOICE EUTRA-Mode-Info
	M
	
	
	
	–
	–

	>FDD
	
	
	
	
	
	

	>>FDD Info
	
	1
	
	
	–
	–

	//skip the unchanged part
	
	
	
	
	
	

	>TDD
	
	
	
	
	–
	–

	>>TDD Info
	
	1
	
	
	–
	–

	>>>EARFCN
	M
	
	9.2.26
	Corresponds to NDL/NUL in TS 36.104 [16] 
	–
	–

	//skip the unchanged part
	
	
	
	
	
	

	>>>Additional Special Subframe Extension Info
	O
	
	
	Special subframe configuration information defined in TS 36.211 [10]. Only for newly defined configuration of special subframe from Release 14.
	YES
	ignore

	>>>>Additional Special Subframe Patterns Extension
	M
	
	ENUMERATED(ssp10, …)
	
	–
	–

	>>>>Cyclic Prefix DL
	M
	
	ENUMERATED(Normal, Extended,…)
	
	–
	–

	>>>>Cyclic Prefix UL
	M
	
	ENUMERATED(Normal, Extended,…)
	
	–
	–

	>>>Offset of NB-IoT Channel Number to DL EARFCN
	O
	
	Offset of NB-IoT Channel Number to EARFCN

9.2.94
	Corresponds to MDL in TS 36.104 [16]
	YES
	reject

	>>>NB-IoT UL DL alignment offset
	O
	
	9.2.yyy
	Corresponds to the TDD-UL-DL-AlignmentOffset-NB in TS 36.331 [9].
	YES
	reject

	Number of Antenna Ports
	O
	
	9.2.43
	
	YES
	ignore

	PRACH Configuration
	O
	
	PRACH Configuration

9.2.50
	
	YES
	ignore

	MBSFN Subframe Info
	
	0..<maxnoofMBSFN>
	
	MBSFN subframe defined in TS 36.331 [9]
	GLOBAL
	ignore

	>Radioframe Allocation Period
	M
	
	ENUMERATED(n1, n2, n4, n8, n16, n32, …)
	
	–
	–

	>Radioframe Allocation Offset
	M
	
	INTEGER (0..7, ...)
	
	–
	–

	>Subframe Allocation
	M
	
	9.2.51
	
	–
	–

	CSG ID
	O
	
	9.2.53
	
	YES
	ignore

	MBMS Service Area Identity List
	
	0..<maxnoofMBMSServiceAreaIdentities >
	
	Supported MBMS Service Area Identities in the cell
	GLOBAL
	ignore

	>MBMS Service Area Identity
	
	
	OCTET STRING(2)
	MBMS Service Area Identities as defined in TS 23.003 [29]
	
	

	MultibandInfoList
	O
	
	9.2.60
	
	YES
	ignore

	FreqBandIndicatorPriority
	O
	
	ENUMERATED (not-broadcasted, broadcasted, ...)
	This IE indicates that the eNodeB supports FreqBandIndicationPriority, and whether

FreqBandIndicatorPriority is broadcasted in SIB 1 (see TS 36.331 [9])
	YES
	ignore

	BandwidthReducedSI
	O
	
	ENUMERATED (scheduled, ...)
	This IE indicates that the SystemInformationBlockType1-BR is scheduled in the cell (see TS 36.331 [9])
	YES
	ignore

	Protected E-UTRA Resource Indication
	O
	
	9.2.125
	This IE indicates which E-UTRA control/reference signal resources are protected and are not subject to E-UTRA - NR Cell Resource Coordination.
	YES
	ignore


	Range bound
	Explanation

	maxnoofBPLMNs
	Maximum no. of Broadcast PLMN Ids. Value is 6.

	maxnoofMBSFN
	Maximum no. of MBSFN frame allocation with different offset. Value is 8.

	maxnoofMBMSServiceAreaIdentities
	Maximum no. of MBMS Service Area Identities. Value is 256.


9.2.94
Offset of NB-IoT Channel Number to EARFCN

This IE is used to indicate the offset of the NB-IoT Channel Number to the EARFCN (TS 36.104 [16]).

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Offset of NB-IoT Channel Number to EARFCN
	M
	
	ENUMERATED (-10,-9,-8,-7,-6,-5,-4,-3,-2,-1,-0.5,0,1,2,3,4,5,6,7,8,9,..., -8.5, -4.5, 3.5, 7.5)
	


9.2.yyy
NB-IoT UL DL Alignment Offset
This IE is used to indicate the offset between the UL carrier frequency center with respect to DL carrier frequency center.

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	NB-IoT UL DL Alignment Offset
	M
	
	ENUMERATED (-7.5, 0, 7.5, …)
	Unit: kHz
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