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1   Introduction
NB-IoT WI was closed last meeting, based on the conclusions from RAN1 and RAN2 on the cell frequency and bandwidth, in order to support correct NB-IoT Cell information exchanging between eNBs, it is needed to update X2AP accordingly.

In this contribution, we analyses the corresponding impact on RAN3 X2AP specification. 
2   Discussion
During the discussion of NB-IoT, the X2AP Retrieve UE Context procedure was introduced, that means X2 interface is also applicable for NB-IoT case. In order to setup X2 interface, we need to provide corresponding Served Cell information and may together with Neighbour Information of each served Cell.

The current Served Cell Information includes the frequency and bandwidth information, and the Neighbour Information includes the frequency information, but current IEs cannot be used to provide the frequency and bandwidth information of NB-IoT Cells.
In TS36.300, the bandwidth of NB-IoT Cell is 180kHz, which is equal to 1 resource block:

	4.10
NB-IoT

NB-IoT provides access to network services using physical layer optimized for very low power consumption (e.g. full carrier bandwidth is 180 kHz, subcarrier spacing can be 3.75 kHz or 15 kHz).

5.1.1a
Basic transmission scheme based on OFDM for NB-IoT

The downlink transmission scheme for NB-IoT is as described in Section 5.1.1, with the differences that in the frequency domain, there is one resource block for an NB-IoT carrier, the OFDM sub-carrier spacing (f = 15 kHz always, and only operation with half duplex from NB-IoT UE point of view is supported. There can be more than one NB-IoT carrier configured as described in Section 5.5a.


But in TS36.423, the Transmission Bandwidth exchanged between eNB during X2 Setup and eNB configuration update procedures only includes values bw6, bw15, bw25, bw50, bw75, bw100 correspond to the number of resource blocks “NRB” 6, 15, 25, 50, 75, 100:
	9.2.27
Transmission Bandwidth

The Transmission Bandwidth IE is used to indicate the UL or DL transmission bandwidth expressed in units of resource blocks " NRB " (TS 36.104 [16]). The values bw6, bw15, bw25, bw50, bw75, bw100 correspond to the number of resource blocks “NRB” 6, 15, 25, 50, 75, 100.

IE/Group Name

Presence

Range

IE Type and Reference

Semantics Description

Transmission Bandwidth

M
ENUMERATED (bw6, bw15, bw25, bw50, bw75, bw100,...)




In order to provide correct cell information in X2 messages, it is needed to extend the Transmission Bandwidth IE, to add one more code point “bw1”.
Proposal 1: it is needed to extend the Transmission Bandwidth IE, to add one more code point “bw1”.
In TS36.331, the NB-IoT carrier frequency is defined as EARFCN + CarrierFreqOffset:

	2.1.1.1   –
CarrierFreq-NB
The IE CarrierFreq-NB is used to provide the NB-IoT carrier frequency, as defined in TS 36.101 [42] 

CarrierFreq-NB information elements
-- ASN1START

CarrierFreq-NB-r13 ::=

SEQUENCE {


carrierFreq-r13



ARFCN-ValueEUTRA-r9,


carrierFreqOffset-r13

ENUMERATED {










v-10, v-9, v-8,
v-7, v-6, v-5, v-4, v-3, v-2, v-1, v-0dot5,









 
  v0,  v1,
v2,
 v3,  v4,  v5, 
v6,  v7,  v8,  v9










}
OPTIONAL
-- Need ON

}

-- ASN1STOP

	CarrierFreq-NB field descriptions

	carrierFreq

provides the ARFCN applicable for the NB-IoT carrier frequency as defined in TS 36.101 [42, Table 5.7.3-1].

	carrierFreqOffset

Offset of the NB-IoT channel number to EARFCN as defined in TS 36.101 [42]. Value v-10 means -10, v-9 means -9, and so on.


In X2AP specification, only EARFCN is exchanged, it is needed to introduce the CarrierFreqOffset related to the CarrieFreq. As the DL EARFCN and UL EARFCN IEs are mandatory in the Served Cell Information IE, to provide the real carrier information, it is needed to introduce DL CarrierFreqOffset and UL CarrierFreqOffset IEs in Served Cell Information IE.

Proposal 2: it is needed to introduce DL CarrierFreqOffset and UL CarrierFreqOffset IEs in Served Cell Information IE.
On the other hand, Neighbour Information IE is included in X2 SETUP REQUEST/RESPONSE and ENB CONFIGURATION UPDATE REQUEST messages, the DL EARFCN is provided together with PCI and ECGI for one neighbour cell, from our understanding, these information could be used to avoid PCI confusion/collision. In order to provide accurate frequency information for a neighbour NB-IoT Cell, it is needed to introduce DL CarrierFreqOffset IE in the Neighbour Information IE in these messages.

Proposal 3: it is needed to introduce DL CarrierFreqOffset IE in the Neighbour Information IE in X2 SETUP REQUEST/RESPONSE and ENB CONFIGURATION UPDATE REQUEST messages.
3   Proposal
Based on the conclusions from RAN1 and RAN2 on the cell frequency and bandwidth, in order to support correct NB-IoT Cell information exchanging between eNBs, it is needed to update X2AP as proposed below:

Proposal 1: it is needed to extend the Transmission Bandwidth IE, to add one more code point “bw1”.
Proposal 2: it is needed to introduce DL CarrierFreqOffset and UL CarrierFreqOffset IEs in Served Cell Information IE.
Proposal 3: it is needed to introduce DL CarrierFreqOffset IE in the Neighbour Information IE in X2 SETUP REQUEST/RESPONSE and ENB CONFIGURATION UPDATE REQUEST messages.
The text proposals are shown in section5, it is propose to agree the corresponding CR in [3].
4   Reference
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5   Text Proposal
---Text Proposal 1---

9.2.27
Transmission Bandwidth

The Transmission Bandwidth IE is used to indicate the UL or DL transmission bandwidth expressed in units of resource blocks " NRB " (TS 36.104 [16]). The values bw6, bw15, bw25, bw50, bw75, bw100 correspond to the number of resource blocks “NRB” 6, 15, 25, 50, 75, 100.

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

	Transmission Bandwidth
	M
	
	ENUMERATED (bw6, bw15, bw25, bw50, bw75, bw100, bw1, ...)
	


---Text Proposal 2---
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
	
	
	–
	–

	>>>UL EARFCN
	M
	
	EARFCN

9.2.26
	Corresponds to NUL in TS 36.104 [16] for E-UTRA operating bands for which it is defined; ignored for E-UTRA operating bands for which NUL is not defined
	–
	–

	>>>DL EARFCN
	M
	
	EARFCN

9.2.26
	Corresponds to NDL in TS 36.104 [16]
	–
	–

	>>>UL Transmission Bandwidth
	M
	
	Transmission Bandwidth

9.2.27
	Same as DL Transmission Bandwidth in this release; ignored in case UL EARFCN value is ignored
	–
	–

	>>>DL Transmission Bandwidth
	M
	
	Transmission Bandwidth

9.2.27
	
	–
	–

	>>>UL EARFCN Extension
	O
	
	EARFCN Extension
9.2.65
	If this IE is present, the value signalled in the UL EARFCN IE is ignored.
	YES
	reject

	>>>DL EARFCN Extension
	O
	
	EARFCN Extension
9.2.65
	If this IE is present, the value signalled in the DL EARFCN IE is ignored.
	YES
	reject

	>>>DL CarrierFreq Offset
	O
	
	CarrierFreq Offset

9.2.xx
	This IE applies to NB-IoT Cell only.
	YES
	reject

	>>>UL CarrierFreq Offset
	O
	
	CarrierFreq Offset

9.2.xx
	This IE applies to NB-IoT Cell only.
	YES
	reject

	>TDD
	
	
	
	
	–
	–

	…….
	
	
	
	
	
	


--- Text Proposal 3---

9.1.2.3
X2 SETUP REQUEST

This message is sent by an eNB to a neighbouring eNB to transfer the initialization information for a TNL association.

Direction: eNB1 ( eNB2.

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

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	Global eNB ID
	M
	
	9.2.22
	
	YES
	reject

	Served Cells
	
	1 .. <maxCellineNB>
	
	Complete list of cells served by the eNB
	YES
	reject

	>Served Cell Information
	M
	
	9.2.8
	
	–
	–

	>Neighbour Information
	
	0 .. <maxnoofNeighbours>
	
	
	–
	–

	>>ECGI
	M
	
	ECGI

9.2.14
	E-UTRAN Cell Global Identifier of the neighbour cell
	–
	–

	>>PCI
	M
	
	INTEGER (0..503, …)
	Physical Cell Identifier of the neighbour cell
	–
	–

	>>EARFCN
	M
	
	9.2.26
	DL EARFCN for FDD or EARFCN for TDD
	–
	–

	>>TAC
	O
	
	OCTET STRING (2)
	Tracking Area Code
	YES
	ignore

	>>EARFCN Extension
	O
	
	9.2.65
	DL EARFCN for FDD or EARFCN for TDD. If this IE is present, the value signalled in the EARFCN IE is ignored.
	YES
	reject

	>>DL CarrierFreq Offset
	O
	
	CarrierFreq Offset

9.2.xx
	This IE applies to NB-IoT Cell only.
	YES
	reject

	GU Group Id List
	
	0 .. <maxfPools>
	
	List of all the pools to which the eNB belongs
	GLOBAL
	reject

	>GU Group Id
	M
	
	9.2.20 
	
	-
	-

	LHN ID
	O
	
	9.2.83
	
	YES
	ignore


	Range bound
	Explanation

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.

	maxnoofNeighbours
	Maximum no. of neighbour cells associated to a given served cell. Value is 512.

	maxPools
	Maximum no. of pools an eNB can belong to. Value is 16.


5.1.1.1   9.1.2.4
X2 SETUP RESPONSE

This message is sent by an eNB to a neighbouring eNB to transfer the initialization information for a TNL association.

Direction: eNB2 ( eNB1.

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

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	Global eNB ID
	M
	
	9.2.22
	
	YES
	reject

	Served Cells
	
	1 .. <maxCellineNB>
	
	Complete list of cells served by the eNB
	GLOBAL
	reject

	>Served Cell Information
	M
	
	9.2.8
	
	–
	–

	>Neighbour Information
	
	0 .. <maxnoofNeighbours>
	
	
	–
	–

	>>ECGI
	M
	
	ECGI

9.2.14
	E-UTRAN Cell Global Identifier of the neighbour cell
	–
	–

	>>PCI
	M
	
	INTEGER (0..503, …)
	Physical Cell Identifier of the neighbour cell
	–
	–

	>>EARFCN
	M
	
	9.2.26
	DL EARFCN for FDD or EARFCN for TDD
	–
	–

	>>TAC
	O
	
	OCTET STRING (2)
	Tracking Area Code
	YES
	ignore

	>>EARFCN Extension
	O
	
	9.2.65
	DL EARFCN for FDD or EARFCN for TDD. If this IE is present, the value signalled in the EARFCN IE is ignored.
	YES
	reject

	>>DL CarrierFreq Offset
	O
	
	CarrierFreq Offset

9.2.xx
	This IE applies to NB-IoT Cell only.
	YES
	reject

	GU Group Id List
	
	0 .. <maxPools>
	
	List of all the pools to which the eNB belongs
	GLOBAL
	reject

	>GU Group Id
	M
	
	9.2.20
	
	-
	-

	Criticality Diagnostics
	O
	
	9.2.7
	
	YES
	ignore

	LHN ID
	O
	
	9.2.83
	
	YES
	ignore


	Range bound
	Explanation

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.

	maxnoofNeighbours
	Maximum no. of neighbour cells associated to a given served cell. Value is 512.

	maxPools
	Maximum no. of pools an eNB can belong to. Value is 16.


----skip the unchanged part----
9.1.2.8
ENB CONFIGURATION UPDATE

This message is sent by an eNB to a peer eNB to transfer updated information for a TNL association.

Direction: eNB1 ( eNB2. 

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

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	Served Cells To Add
	
	0 .. <maxCellineNB>
	
	Complete list of added cells served by the eNB
	GLOBAL
	reject

	>Served Cell Information
	M
	
	9.2.8
	
	–
	–

	>Neighbour Information
	
	0 .. <maxnoofNeighbours>
	
	
	–
	–

	>>ECGI
	M
	
	ECGI

9.2.14
	E-UTRAN Cell Global Identifier of the neighbour cell
	–
	–

	>>PCI
	M
	
	INTEGER (0..503, …)
	Physical Cell Identifier of the neighbour cell
	–
	–

	>>EARFCN
	M
	
	9.2.26
	DL EARFCN for FDD or EARFCN for TDD
	–
	–

	>>TAC
	O
	
	OCTET STRING (2)
	Tracking Area Code
	YES
	ignore

	>>EARFCN Extension
	O
	
	9.2.65
	DL EARFCN for FDD or EARFCN for TDD. If this IE is present, the value signalled in the EARFCN IE is ignored.
	YES
	reject

	>>DL CarrierFreq Offset
	O
	
	CarrierFreq Offset

9.2.xx
	This IE applies to NB-IoT Cell only.
	YES
	reject

	Served Cells To Modify
	
	0 .. <maxCellineNB>
	
	Complete list of modified cells served by the eNB
	GLOBAL
	reject

	>Old ECGI
	M
	
	ECGI

9.2.14
	Old E-UTRAN Cell Global Identifier
	-
	-

	>Served Cell Information
	M
	
	9.2.8
	
	–
	–

	>Neighbour Information
	
	0 .. <maxnoofNeighbours>
	
	
	–
	–

	>>ECGI
	M
	
	ECGI

9.2.14
	E-UTRAN Cell Global Identifier of the neighbour cell
	–
	–

	>>PCI
	M
	
	INTEGER (0..503, …)
	Physical Cell Identifier of the neighbour cell
	–
	–

	>>EARFCN
	M
	
	9.2.26
	DL EARFCN for FDD or EARFCN for TDD
	–
	–

	>>TAC
	O
	
	OCTET STRING (2)
	Tracking Area Code
	YES
	ignore

	>>EARFCN Extension
	O
	
	9.2.65
	DL EARFCN for FDD or EARFCN for TDD. If this IE is present, the value signalled in the EARFCN IE is ignored.
	YES
	reject

	>>DL CarrierFreq Offset
	O
	
	CarrierFreq Offset

9.2.xx
	This IE applies to NB-IoT Cell only.
	YES
	reject

	
	
	
	
	
	
	

	>Deactivation Indication
	O
	
	ENUMERATED(deactivated,

…)
	Indicates that the concerned cell is switched off for energy saving reasons
	YES
	ignore

	Served Cells To Delete
	
	0 .. <maxCellineNB>
	
	Complete list of deleted cells served by the eNB
	GLOBAL
	reject

	>Old ECGI
	M
	
	ECGI

9.2.14
	Old E-UTRAN Cell Global Identifier of the cell to be deleted
	-
	-

	GU Group Id To Add List
	
	0 .. <maxPools>
	
	
	GLOBAL
	reject

	>GU Group Id
	M
	
	9.2.20
	
	-
	-

	GU Group Id To Delete List
	
	0 .. <maxPools>
	
	
	GLOBAL
	reject

	>GU Group Id
	M
	
	9.2.20
	
	-
	-

	Coverage Modification List
	
	0 .. <maxCellineNB>
	
	List of cells with modified coverage
	GLOBAL
	reject

	>ECGI
	M
	
	ECGI

9.2.14
	E-UTRAN Cell Global Identifier of the cell to be modified
	-
	-

	>Cell Coverage State
	M
	
	INTEGER (0..15, …)
	Value ‘0’ indicates that the cell is inactive. Other values Indicates that the cell is active and also indicates the coverage configuration of the concerned cell
	-
	-

	>Cell Deployment Status Indicator
	O
	
	ENUMERATED(pre-change-notification, ...)
	Indicates the Cell Coverage State is planned to be used at the next reconfiguration
	
	

	>Cell Replacing Info
	C-ifCellDeploymentStatusIndicatorPresent
	
	
	
	
	

	>>Replacing Cells
	
	0 .. <maxCellineNB>
	
	
	
	

	>>>ECGI
	
	
	ECGI

9.2.14
	E-UTRAN Cell Global Identifier of a cell that may replace all or part of the coverage of the cell to be modified
	
	


	Range bound
	Explanation

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.

	maxnoofNeighbours
	Maximum no. of neighbour cells associated to a given served cell. Value is 512.

	maxPools
	Maximum no. of pools an eNB can belong to. Value is 16.


	Condition
	Explanation

	ifCellDeploymentStatusIndicatorPresent
	This IE shall be present if the Cell Deployment Status Indicator IE is present.


----skip the unchanged part----
9.2.92
Bearer Type

This IE is used to support Non-IP data as specified in TS 23.401 [11].
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Bearer Type
	M
	
	ENUMERATED
(non IP, …)
	


9.2.xxx
CarrierFreq Offset

This IE is Offset of the NB-IoT channel number to EARFCN as defined in TS36.101 [42].
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CarrierFreq Offset
	M
	
	ENUMERATED
(v-10, v-9, v-8, v-7, v-6, v-5, v-4, v-3, v-2, v-1, v-0dot5,  v0, v1,
v2,
 v3,  v4,  v5, v6,  v7,  v8, v9, …)
	Value v-10 means -10, v-9 means -9, and so on.
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