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1
Introduction
At RAN3#89 [1] triggered a discussion on calculation of security key KeNB* at X2 handover when the target cell broadcasts the freqBandIndicatorPriority in SystemInformaionBlockType1. This paper provides an analysis of what is achievable today and what the gain with additional information exchange is.
2
Discussion
2.1 Definitions
The following functions are used in the paper:

fnoPrio: Generates a selected DL-EARFCN according to the rules when freqBandIndicatorPriority is not used.

fPrio: Generating a selected DL-EARFCN according to the rules when freqBandIndicatorPriority is used.

2.2 Information in the standard

The 3GPP standard provides the information below on how the source cell selects the DL-EARFCN for KeNB* calculation:

TS 36.423[2] section 9.2.30: 

“KeNB* defined in TS 33.401 [18]. If the target cell belongs to multiple frequency bands, the source eNB selects the DL-EARFCN for KeNB* calculation as specified in section 10.3 of TS 36.331 [9].”
TS 36.331[3] section 10.3: 
“Parameter KeNB*: See TS 33.401 [32, 7.2.8.4]. If the cell identified by cellIdentity belongs to multiple frequency bands, the source eNB selects the DL-EARFCN for the KeNB* calculation using the same logic as UE uses when selecting the DL-EARFCN in IDLE as defined in section 6.2.2. This parameter is only used for X2 handover, and for S1 handover, it shall be ignored by target eNB.”
According to TS36.331 [3] and TS 36.423 [2] the source eNodeB selects the DL-EARFCN for KeNB* calculation according to:
Observation 1: the source eNB selects the DL-EARFCN for the KeNB* calculation using the same logic as UE uses when selecting the DL-EARFCN in IDLE
The logic used by the UE when selecting the DL-EARFCN in IDLE is described in the field description for SystemInformationBlockType1 in TS36.331 [3]. The parameters of interest are freqBandIndicatorPriority and multiBandInfoList.
	freqBandIndicatorPriority
If the field is present and supported by the UE,  the UE shall prioritize the frequency bands in the multiBandInfoList IE in decreasing priority order. Only if the UE does not support any of the frequency band in multiBandInfoList, the UE shall  use the value in freqBandIndicator IE. Otherwise, the UE applies frequency band according to the rules defined in multiBandInfoList.


	multiBandInfoList

A list of additional frequency band indicators, as defined in TS 36.101 [42, table 5.5-1] that the cell belongs to. If the UE supports the frequency band in the freqBandIndicator IE it shall apply that frequency band. Otherwise, the UE shall apply the first listed band which it supports in the multiBandInfoList IE. If E-UTRAN includes multiBandInfoList-v9e0 it includes the same number of entries, and listed in the same order, as in multiBandInfoList (i.e. without suffix). See Annex D for more descriptions. The UE shall ignore the rule defined in this field description if freqBandIndicatorPriority is present and supported by the UE.


Observation 2: If freqBandIndicatorPriority is active the target eNodeB selects the DL-EARFCN according to the function fPrio   and otherwise according to the function fnoPrio
2.3
Requirements for successful X2 handover

In order for the X2 handover to succeed both eNodeBs need to select the same DL-EARFCN. This is possible only if the nodes selects and uses the same algorithm with the same input.
The input to the algorithm is:

- MultibandInfoList
- Cell usage of freqBandIndicatorPriority
- UE support freqBandIndicatorPriority

The MultibandInfoList is available over the X2 Interface and the UE support of freqBandIndicatorPriority is signalled to the cell in the UE E-UTRAN capabilities according to [3]:

	freqBandPriorityAdjustment
Indicates whether the UE supports the prioritization of frequency bands in multiBandInfoList over the band in freqBandIndicator as defined by freqBandIndicatorPriority-r12.
	-


At handover the freqBandPriorityAdjustment is transferred between the nodes over X2 in a transparent container [3].

Observation 3: The missing information to correctly select between fPrio and fnoPrio is the FreqBandIndicatorPriority.
2.4

Backwards compatibility
In order to design a backwards compatible solution the FreqBandIndicatorPriority needs to be exchanged in a way that 

A) keeps the X2 interface between the nodes operational in any compatibility scenario
B) allows a legacy eNodeB to perform X2-HO
Our view is that the FreqBandIndicatorPriority is typical application level configuration data needed for two eNBs to interoperate correctly over the X2 interface and shall be added to the X2 Setup procedure. In order to keep the X2 interface operational between the nodes this excludes criticality ‘reject’.

Observation 4: The FreqBandIndicatorPriority cannot be added with criticality ‘reject’ when included in the X2 setup procedure in order for a receiving legacy node to not reject the procedure.

A cell which receives the Served Cell Information interprets the content with respect to the FreqBandIndicatorPriority IE according to:
1) No FreqBandIndicatorPriority IE: The cell does not support the functionality hence the cell selects DL-EARFCN according to fnoPrio for outgoing and incoming X2 handovers.
2)  FreqBandIndicatorPriority set to 0: The cell does not broadcast FreqBandIndicatorPriority but supports the functionality. It selects DL-EARFCN according to fnoPrio.for incoming handovers but according to fPrio for outgoing X2 handovers to cells where FreqBandIndicatorPriority IE is set to 1.
3) FreqBandIndicatorPriority set to 1: The cell broadcasts the FreqBandIndicatorPriority. The cell supports the functionality and selects DL-EARFCN according to fPrio for incoming X2 handovers from cells which supports the functionality (i.e. have indicated FreqBandIndicatorPriority 0 or 1).¨
Table 1 below shows how the nodes select DL-EARFCN using the exchanged information.
	FreqBandIndicator source eNodeB
	FreqBandIndicator target eNodeB
	DL-EARFCN selection function

	Not present
	Not present
	fnoPrio

	Not present
	0
	fnoPrio

	Not present
	1
	fnoPrio

	0
	Not present
	fnoPrio

	0
	0
	fnoPrio

	0
	1
	fPrio

	1
	Not present
	fnoPrio

	1
	0
	fnoPrio

	1
	1
	fPrio


Table 1: The table shows how the source and target cell selects DL-EARFCN depending on the value exchanged in the FreqBandIndicator. 
Observation 5: The protocol can be designed in such way that the target and source selects the same algorithm and input to select the DL-EARFCN.
Our understanding is that re-establishment in the target cell after X2 handover from a legacy node to a target cell where SIB1 is broadcasted will not succeed since the UE will select DL-EARFCN according to the broadcasted information. By implementing the FreqBandIndicatorPriority IE as proposed in this paper the target node identifies from which neighbour a re-establishement after X2-HO fails. The mechanism provided here enables the target node to know if any legacy nodes are neighbours and can take appropriate actions. 
2.5
Criticality
When [1] was discussed at RAN3#89 it was proposed to use the criticality ‘ignore and notify’ instead of ‘ignore’. 
When the eNodeB receiving the X2 Setup Request message does not understand the new IE it indicates this in the X2 Setup Response message using the Criticality Diagnostics IE. However, this information is already available since the node not supporting the functionality does not add this information in the first place. 

When the eNodeB receiving the X2 Setup Response message does not understand the new IE it indicates this using an error indication message. However, also this information is already available since the node not supporting the functionality has not added the IE in the first place.

Observation 6: Using ignore and notify results in extra signalling and complexity without providing any benefit
2.6
Cost-benefit analysis

Today the target eNodeB never informs the source eNodeB about the freqBandIndicatorPriority. Our understanding is therefore that the X2 handover does not fail since the target node cannot assume that the source eNodeB has sufficient information to use function fPrio. However, re-establishment to the target cell after failed X2 handover fails. On the other hand when the functionality enabled by the freqBandIndicatorPriority is used the UE selects a more prioritized band hence the target cell avoids an extra intra-cell handover in order to use the prioritized band.
Benefit: X2 handover is made to a band better suited to the UE hence avoiding, on average, up to a maximum of one extra intra-cell HO after an X2HO.
The cost for exchanging this information is low since it can be implemented in existing messages such as X2 Setup and eNB Configuration update using ServedCellInfo. 

Cost: Introduce signalling about the freqBandIndicatorPriority over the X2 interface in existing messages using ServedCellInfo.
In our view the benefit is larger than the cost hence implementation is motivated if done according to what is proposed in this paper.
3
Summary and Proposal
Proposal 1 (from observation 1 and 3) : Enable that the source eNodeB selects frequency band in target cell according to existing rules by exchanging information about the freqBandIndicatorPriority.
Proposal 2 (observation 4 and 5): Design a backwards compatible solution enabling the X2 interface to remain established towards legacy nodes

Proposal 3 (observation 2): Design the mechanism in such way that the basic X2 handover still works from the legacy cell.
Proposal 4 (observation 6): Use criticality ‘ignore’ for the new IE
Proposal 5 (comment 1): Implement the functionality according to [5] and [6]. 
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