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1 Introduction
MFBI was introduced in UTRAN and E-UTRAN to allow the cell to broadcast more than one band if the absolute frequency of this cell falls into multiple overlapping band. The corresponding signaling was also captured in 25.331 and 36.331. In last three meetings, RAN2 has clarified signaling ambiguities for UTRAN. However, we noticed that there are a few similar issues in E-UTRAN. 

In this document, we analyze the ambiguities of MFBI signaling in E-UTRAN and give proposals.  
2 MFBI signalling in SIB5: InterFreqCarrierFreqList
For easy discussion, the ASN.1 signalling of MFBI in SIB5 is copied as follows:
SystemInformationBlockType5-v8h0-IEs ::=
SEQUENCE {


interFreqCarrierFreqList-v8h0 SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo-v8h0



 OPTIONAL,
-- Need OP


nonCriticalExtension


SystemInformationBlockType5-v9e0-IEs
OPTIONAL

}

SystemInformationBlockType5-v9e0-IEs ::=
SEQUENCE {


interFreqCarrierFreqList-v9e0
SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo-v9e0



OPTIONAL,
-- Need OR


nonCriticalExtension


SEQUENCE {}






OPTIONAL

}

InterFreqCarrierFreqList ::=

SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo   
InterFreqCarrierFreqInfo ::=
SEQUENCE {


dl-CarrierFreq





ARFCN-ValueEUTRA, 

...

}

InterFreqCarrierFreqInfo-v8h0 ::=

SEQUENCE {


multiBandInfoList




MultiBandInfoList



OPTIONAL
-- Need OR

}

InterFreqCarrierFreqInfo-v9e0 ::=
SEQUENCE {


dl-CarrierFreq-v9e0




ARFCN-ValueEUTRA-v9e0
OPTIONAL,
-- Cond dl-FreqMax  


multiBandInfoList-v9e0



MultiBandInfoList-v9e0
OPTIONAL
-- Need OR

}

	SystemInformationBlockType5 field descriptions

	interFreqCarrierFreqList

List of neighbouring inter-frequencies. E-UTRAN does not configure more than one entry for the same physical frequency regardless of the E-ARFCN used to indicate this. If E-UTRAN includes interFreqCarrierFreqList-v8h0 and/ or interFreqCarrierFreqList-v9e0 it includes the same number of entries, and listed in the same order, as in interFreqCarrierFreqList (i.e. without suffix).

	multiBandInfoList
Indicates the list of frequency bands in addition to the band represented by dl-CarrierFreq for which cell reselection parameters are common. E-UTRAN indicates at most maxMultiBands frequency bands (i.e. the total number of entries across both multiBandInfoList and multiBandInfoList-v9e0 is below this limit).


	Conditional presence
	Explanation

	dl-FreqMax
	The field is mandatory present if, for the corresponding entry in InterFreqCarrierFreqList (i.e. without suffix), dl-CarrierFreq (i.e. without suffix) is set to maxEARFCN. Otherwise the field is not present.


With the current signaling requirement, if a frequency, either in interFreqCarrierFreqList or in interFreqCarrierFreqList-v9e0, has overlapping frequencies (bands) in both multiBandInfoList and multiBandInfoList-v9e0, the UE cannot know the priorities of those bands. So the UE does not know which band has the highest priority. This may delay the cell re-selection process and cause cell re-selection failure.

To address this potential failure, we have the following proposals:

Proposal 1: RAN2 to discuss if it’s necessary to signal the priorities of the overlapping bands in SIB5.

Note that in UMTS, network is required to signal the priorities of the overlapping E-UTRA bands in SIB19.
Proposal 2: Band 64 in multiBandInfoList is used to indicate the presence, the position, and the priority of the bands in multiBandInfoList-v9e0
Proposal 3: the network should include the same number of entries in multiBandInfoList and multiBandInfoList-v9e0
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Fig 1: MFBI signalling structure for inter-frequency list in SIB5

Figure 1 illustrates the signalling structure. 

· the network includes 4 frequencies: f1 and f3 belong to bands lower than 64; f2 and f4 belong to bands larger than 64. Thus the reserved value of EARFCN 65535 is used to indicate the presence of “ARFCN-ValueEUTRA-v9e0”.

· f1 has two overlapping frequencies belonging to bands B1 and B2 (lower than 64); f2 has one overlapping frequency belonging to B91; f4 has four overlapping frequencies belonging to bands B3, B4, B92, and B93; f3 does not have overlapping frequency; 
· Network should include 4 lists in both interFreqCarrierFreqList-v8h0 and interFreqCarrierFreqList-v9e0 and ensure the order of the lists is matching. Each list corresponds to one frequency and contains up to 8 bands. The first list corresponds to f1, the second list corresponds to f2, and so on. The grey empty lists mean there are no overlapping frequencies for the corresponding frequency.
· For f4, the network uses B64 (the reserved band value) to indicate the position and priority of the overlapping band in multiBandInfoList-v9e0. Therefore, the UE shall generate the resulting band list, with priority, as B3, B92, B93, and B4.
We need to point out two requirements according to Proposals 2 and 3:
1) Even if a frequency does not have overlapping bands in multiBandInfoList, the network should still use B64 to indicate the presence of the overlapping bands in multiBandInfoList-v9e0. Please refer to f2.
2) For the bands in multiBandInfoList , the network should include empty entries in the corresponding positions in multiBandInfoList-v9e0
Note that using empty entries is in line with the existing requirement shown below and ensures no more than 8 MFBI bands can be signalled for one frequency.
	interFreqCarrierFreqList

List of neighbouring inter-frequencies. E-UTRAN does not configure more than one entry for the same physical frequency regardless of the E-ARFCN used to indicate this. If E-UTRAN includes interFreqCarrierFreqList-v8h0 and/ or interFreqCarrierFreqList-v9e0 it includes the same number of entries, and listed in the same order, as in interFreqCarrierFreqList (i.e. without suffix).


3 MFBI signalling in SIB6: carrierFreqListUTRA-FDD
We also copy ASN.1 signalling of SIB6 here:
SystemInformationBlockType6-v8h0-IEs ::=
SEQUENCE {


carrierFreqListUTRA-FDD-v8h0 SEQUENCE (SIZE (1..maxUTRA-FDD-Carrier)) OF CarrierFreqInfoUTRA-FDD-v8h0 OPTIONAL,
-- Cond UTRA-FDD


nonCriticalExtension


SEQUENCE {}






OPTIONAL

}

CarrierFreqListUTRA-FDD ::=

SEQUENCE (SIZE (1..maxUTRA-FDD-Carrier)) OF CarrierFreqUTRA-FDD 

CarrierFreqUTRA-FDD ::=



SEQUENCE {


carrierFreq






ARFCN-ValueUTRA,


...

}

CarrierFreqInfoUTRA-FDD-v8h0 ::=


SEQUENCE {


multiBandInfoList




SEQUENCE (SIZE (1..maxMultiBands)) OF FreqBandIndicator-UTRA-FDD



OPTIONAL
-- Need OR

}

...

FreqBandIndicator-UTRA-FDD ::=



INTEGER (1..86)

	SystemInformationBlockType6 field descriptions

	carrierFreqListUTRA-FDD-v8h0
One entry corresponding to each supported UTRA FDD carrier frequency listed in the same order as in carrierFreqListUTRA-FDD.


In SIB6, the current requirement only specifies each entry in carrierFreqListUTRA-FDD-v8h0 is listed as the same order in carrierFreqListUTRA-FDD, but does not specify they should also have the same number of entries. Without such one-to-one mapping requirement, the UE does not know how to associate one frequency to its MFBI list.

Proposal 4: the network should include the same number of entries and list them as the same order in carrierFreqListUTRA-FDD and carrierFreqListUTRA-FDD-v8h0.
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Fig 2: MFBI signalling structure for UTRA neighbour list.

4 Conclusion

In this paper, we discussed a few ambiguities of MFBI signalling in SIB5 and SIB6. Three proposals are given:
Proposal 1: RAN2 to discuss if it’s necessary to signal the priorities of the overlapping bands in SIB5.

Proposal 2: Band 64 is used to indicate presences, positions, and priorities of the bands in multiBandInfoList-v9e0
Proposal 3: the network should include the same number of entries in multiBandInfoList and multiBandInfoList-v9e0
Proposal 4: the network should include the same number of entries and list them as the same order in carrierFreqListUTRA-FDD and carrierFreqListUTRA-FDD-v8h0.

We ask RAN2 to discuss these proposals and the way to capture any agreement in the specification. In 25.331, a new Annex is created to capture a stage-2 type description of MFBI signaling by giving figures and explanations. We can consider the similar approach in 36.331.

Proposal 5: RAN2 to discuss if a new Annex is needed to capture a stage-2 type description of the MFBI signaling requirements.
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