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1
Introduction
During X2 Setup, TS 36.423 mandates that the initiating eNB1 transfer the complete list of its served cells in the X2 SETUP REQUEST message, and the candidate eNB2 likewise transfer the complete list of its own served cells in the X2 SETUP RESPONSE message.  However, there is a problem that the Served Cell Information IE does not support inclusion of an NB-IoT cell.

At RAN3#93, it was agreed to extend the Transmission Bandwidth IE to include an additional enumerated value for NB-IoT channel bandwidth (i.e. NRB = 1). However, further discussion was needed regarding how to handle the carrier frequency of the NB-IoT cell.

In this paper, we discuss the options for handling the carrier frequency of the NB-IoT cell in the Served Cell Information IE, and propose a way forward.
2
Discussion
According to section 5.7.3 of TS 36.104, the carrier frequency of NB-IoT is designated as follows:

-
For downlink: DL EARFCN and the Offset of NB-IoT Channel Number to DL EARFCN

-
For uplink: UL EARFCN and the Offset of NB-IoT Channel Number to UL EARFCN

However, the offsets to DL EARFCN and UL EARFCN are missing from the Served Cell Information IE. There are two options to resolve this:
Option #1: no new IE needed
The assumption of Option #1 is that there is no use case for signaling the carrier frequency of NB-IoT cells to neighboring eNBs. Therefore, rather than introducing the offsets in the Served Cell Information IE, it should instead be clarified that carrier frequency information (e.g. the existing mandatory DL EARFCN and UL EARFCN IEs) shall be ignored for an NB-IoT cell (i.e. when Transmission Bandwidth IE is set to ‘bw1’).  The specification impact of Option #1 is illustrated in the Appendix.
Option #2: add the offsets to DL EARFCN and UL EARFCN to the Served Cell Information IE

The assumption of Option #2 is that carrier frequency information should be included for NB-IoT cells, as it already is for E-UTRAN cells and to address the same use cases (e.g. interference coordination). The carrier frequency information is already partially present (e.g. DL EARFCN and UL EARFCN IEs) so only the missing offsets need to be added.
Our preference is Option #2. Therefore, the following is proposed:

Proposal:
Introduce two new IEs to the Served Cell Information: (1) Offset of NB-IoT Channel Number to DL EARFCN IE, and (2) the Offset of NB-IoT Channel Number to UL EARFCN IE.
3
Conclusion
In this paper, two options for handling the carrier frequency of NB-IoT cells in the Served Cell Information IE were discussed, leading to the following proposal:

Proposal:
Introduce the Offset of NB-IoT Channel Number to DL EARFCN IE and Offset of NB-IoT Channel Number to UL EARFCN IE to the Served Cell Information.
A CR for TS 36.423 is provided in [1] introducing the necessary changes, including the agreement from RAN3#93 to extend the Transmission Bandwidth IE. The coding of the offsets is modelled after CarrierFreq-NB in TS 36.331.
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Appendix: Text Proposal for Option #1
Beginning of Text Proposal to TS 36.423
8.3.3.2
Successful Operation
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Figure 8.3.3.2-1: X2 Setup, successful operation
An eNB1 initiates the procedure by sending the X2 SETUP REQUEST message to a candidate eNB2. The candidate eNB2 replies with the X2 SETUP RESPONSE message. The initiating eNB1 shall transfer the complete list of its served cells and, if available, a list of supported GU Group Ids to the candidate eNB2. The candidate eNB2 shall reply with the complete list of its served cells and shall include, if available, a list of supported GU Group Ids in the reply.
For each served cell in the X2 SETUP REQUEST message or X2 SETUP RESPONSE message if the Transmission Bandwidth IE within the Served Cell Information IE is set to “bw1”, the eNB receiving the IE shall ignore the carrier frequency information received in the UL EARFCN IE, DL EARFCN IE, UL EARFCN Extension IE if present, and DL EARFCN Extension IE if present.
If a cell is switched off for energy savings reasons, it should be activated before initiating or responding to the X2 Setup procedure and shall still be included in the list of served cells.

The initiating eNB1 may include the Neighbour Information IE in the X2 SETUP REQUEST message. The candidate eNB2 may also include the Neighbour Information IE in the X2 SETUP RESPONSE message. The Neighbour Information IE shall only include E-UTRAN cells that are direct neighbours of cells in the reporting eNB. A direct neighbour of one cell of a given eNB may be any cell belonging to an eNB that is a neighbour of that given eNB cell e.g. even if the cell has not been reported by a UE. The initiating eNB1 may include the TAC IE with the Neighbour Information IE in the X2 SETUP REQUEST message. The candidate eNB2 may also include the TAC IE with the Neighbour Information IE in the X2 SETUP RESPONSE message. The eNB receiving the IE may use it according to TS 36.300 [15].

The initiating eNB1 may include the Number of Antenna Ports IE in the X2 SETUP REQUEST message. The candidate eNB2 may also include the Number of Antenna Ports IE in the X2 SETUP RESPONSE message. The eNB receiving the IE may use it according to TS 36.331 [9].

The initiating eNB1 may include the PRACH Configuration IE in the X2 SETUP REQUEST message. The candidate eNB2 may also include the PRACH Configuration IE in the X2 SETUP RESPONSE message. The eNB receiving the IE may use this information for RACH optimisation.

The initiating eNB1 may include the MBSFN Subframe Info IE in the X2 SETUP REQUEST message. The candidate eNB2 may also include the MBSFN Subframe Info IE in the X2 SETUP RESPONSE message. The eNB receiving the IE may use it according to TS 36.331 [9].

For each CSG cell or hybrid cell served by the initiating eNB1 the X2 SETUP REQUEST message shall contain the CSG ID IE. For each CSG cell or hybrid cell served by the candidate eNB2 the X2 SETUP RESPONSE message shall contain the CSG ID IE. The eNB receiving the IE shall take this information into account when further deciding whether X2 handover between the source cell and the target cell may be performed.

The initiating eNB1 may include the MBMS Service Area Identity List IE in the X2 SETUP REQUEST message. The candidate eNB2 may also include the MBMS Service Area Identity List IE in the X2 SETUP RESPONSE message. The eNB receiving the IE may use it according to TS 36.300 [15].

For each cell served by the initiating eNB1 the X2 SETUP REQUEST message may contain the MultibandInfoList IE and may also contain the FreqBandIndicatorPriority IE. For each cell served by the candidate eNB2 the X2 SETUP RESPONSE message may contain the MultibandInfoList IE and may also contain the FreqBandIndicatorPriority IE. The eNB receiving the MultibandInfoList IE shall, if supported, take this information into account when further deciding whether subsequent mobility actions between the source cell and the target cell may be performed, and use this IE and the FreqBandIndicatorPriority IE, if received, as specified in TS 36.331 [9].

The initiating eNB1 may include the LHN ID IE in the X2 SETUP REQUEST message. The candidate eNB2 may also include LHN ID IE in the X2 SETUP RESPONSE message. The eNB receiving the IE may use it according to TS 36.300 [15].
End of Text Proposal
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