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1 Introduction

This contribution discusses the extension of the band indicator and the EARFCN, as requested by RAN4 [1]. The proposal is to introduce, both for broadcast and for dedicated signalling, an extension covering the extended value ranges. More specific detailed proposals are included e.g. regarding additional requirements concerning the handling of the original field. Corresponding CRs are included in [2] and [3].
2 Discussion

2.1 General
RAN4 requested RAN2 to extend E-UTRA operating band number from 64 to 128 from release 11. Furthermore RAN4 asked RAN2 to extend the EARFCN numbering space. Although details were not provided for the EARFCN, we propose to likewise double the value range of this field in REL-11.

Proposal 1
Extend the EARFCN from 65535 to 131071
In hindsight, given that the changes are rather significant, RAN2 should maybe consider a larger range extension.

2.2 E-UTRA Frequency Band Indicator (EFBI)
The EFBI is currently used only in system information:

· 
SIB1 (within field legacy freqBandIndicator as well as within the late REL-8 non critical extension multiBandInfoList)

· 
SIB5 (within the late REL-8 non critical extension multiBandInfoList
A UE not supporting the extended value range should only access a cell that broadcasts an EFBI using a legacy value that is supported by the UE. This has implications for how to extend the two fields:

Field freqBandIndicator:

The normal approach for extending a field is to create an extension to cover the additional values. UEs not supporting the extended range will ignore this extension and only act based on the original freqBandIndicator. To avoid such a UE from accessing the cell, the original field will have to be set to a reserved value.

Proposal 2
Extend field freqBandIndicator in SIB1 by specifying that value 64 means acess is prohibited and by adding an extension covering values (65..128)
Field multiBandInfoList, SIB1:
The normal way to extend the field multiBandInfoList  is to create a 2nd list i.e. multiBandInfoList -v8h0 including the extended band indicators. However, we can identify 2 variants on how to use the existing and the extension fields:

a) 
Linked lists: For each entry using an extended band, apply the same approach as for field freqBandIndicator i.e. set the entry in the legacy multiBandInfoList to 64 and set the corresponding entry of the multiBandInfoList-v8h0 to the extended EFBI value
b) 
Independent lists: The original list includes the entries using the original EFBI value range while the extension includes the entries using the extended value range 

We assume that it should be possible to indicate that the UE should prioritise a band using an extended value range above a band using the original value range. With approach a) this can easily be supported, while approach b) requires that for each entry in the extended field we specify the position relative to the original field. It should also be noted that multiBandInfoList in SIB2 refers to the order used in SIB1. Altoghether approach b) seems to be more complex, while the reduction in signalling overhead seems to be limited. Hence our proposal is as to adopt option a), as reflected by the following proposal:

Proposal 3
Extend field multiBandInfoList in SIB1 by adding a linked extension that includes an entry for each entry included in the original field. In case the original value range is used, the entry in the extension field is empty. In case the extended value range is used, the entry in the original field indicates 64 while the corresponding entry in the extension indicates the extended value (65.128)
Proposal 2 and 3 are illustrated by the following ASN.1 extract:

SystemInformationBlockType1-v8h0-IEs ::= SEQUENCE {


multiBandInfoList




MultiBandInfoList


OPTIONAL,
-- Need OR


nonCriticalExtension



SystemInformationBlockType1-v8i0-IEs
OPTIONAL
}

SystemInformationBlockType1-v8i0-IEs ::= SEQUENCE {


freqBandIndicator-v8i0



FreqBandIndicator-v8i0

OPTIONAL,
-- Cond FBI-max

multiBandInfoList-v8i0



MultiBandInfoList-v8i0

OPTIONAL,
-- Cond mFBI-max

nonCriticalExtension



SEQUENCE {}




OPTIONAL
-- Need OP

}
	Conditional presence
	Explanation

	EARFCNorFBI-max
	The field is mandatory present if one or more entries in interFreqCarrierFreqList has field dl-CarrierFreq set to maxEARFCN or if one or more entries in interFreqCarrierFreqList-v8h0 has one or more entry in field multiBandInfoList set to 64. Otherwise the field is not present.

	mFBI-max
	The field is mandatory present if one or more entries in multiBandInfoList (i.e. no suffix, introduced in -v8h0) is set to 64


–
ARFCN-ValueEUTRA
The IE ARFCN-ValueEUTRA is used to indicate the ARFCN applicable for a downlink, uplink or bi-directional (TDD) E-UTRA carrier frequency, as defined in TS 36.101 [42]. If an extension is signalled using the extended value range (as defined by IE ARFCN-ValueEUTRA-v8i0), the UE shall only consider this field (and hence ignore the corresponding field using the original value range as defined by IE ARFCN-ValueEUTRA i.e. without suffix). If the field using the original value range is set to value maxEARFCN, a UE not supporting the extension shall consider the field to be set to a not supported value.
FreqBandIndicator-v8i0 ::=



INTEGER (65..128)
MultiBandInfoList-v8i0 ::=
SEQUENCE (SIZE (1..maxMultiBands)) OF MultiBandInfo-v8i0

MultiBandInfo-v8i0 ::=

SEQUENCE {


freqBandIndicator-v8i0



FreqBandIndicator-v8i0

OPTIONAL
-- Need OR
}
Field multiBandInfoList, SIB5:

SIB5 includes a similar multiBandInfoList as SIB2. However, in this case the information is only used by the UE to determine if it makes sense to measure the concerned frequency i.e. there are no priorities and hence it is possible to simply add an independent list with entries using the extended valu range, as in approach b) above.
Proposal 4
Extend field multiBandInfoList in SIB5 by adding an independent extension that includes entries using the extended value range (while the original list includes entries using the original EFBI value range). E-UTRAN includes at most maxMultiBands in the two lists

2.3 Extension of the E-UTRA ARFCN (EARFCN)

Besides in several dedicated messages (including within mobilityControlInfo), ARFCN-ValueEUTRA is used in:
· SIB2 (to indicate the UL freq)

· SIB5 (to indicate the DL freq of neighbouring E-UTRA frequencies)

Broadcasting field xl-CarrierFreq:

To avoid UEs not supporting the extended range from accessing the cell, the original field will again have to be set to a reserved value, as reflected by the following proposal:
Proposal 5
For ARFCN fields that are broadcast, extend the field xl-CarrierFreq by specifying that value 65534 means acess is prohibited and by adding an extension covering values (65535 to 131071)

Dedicated signalling field xl-CarrierFreq:

For dedicated messages E-UTRAN knows if the UE supports the ASN.1 related to the extended value range. As there is no need to include a special value in the original field, we see two options:

a) 
Add single bit: add a bit indicating that, if set, the UE should add a value corresponding to the range of the original field (i.e. maxEARFCN+1 or 65535 in this case)

b) 
Add extended value (16b): add a field to cover the extended values, as for the broadcast fields (i.e. 65535 to 131071)

In case signalling of the original field can not be avoided, a statement is added that the UE ignores the original field (in which case there is no need to require E-UTRAN to set the original field to a specific value)
In case the signalling of the original field can be avoided, e.g. the case of a list, there are two options:

i. 
an extension is added covering the entire IE that includes the carrier frequency, but using an modified IE definition i.e. the field for the carrier frequency that uses the extended value range

ii. 
an extension is added only covering the carrier frequency
Considering the general agreement to use non-critical extensions unless there is a problem, we assume approach b.ii) should be avoided (it introduces duplicate IE definitions and hence should be regarded as a critical extensions). We think there is not much difference in complexity between option a) and b.i), as in both involve UE requirements concerning original field and extension. Although b.i) introduces some additional signalling, it is considered most straightforward and most aligned with the approach used for broadcast. Although we don't have a strong preference, we propose to adopt approach b.i), as reflected by the following proposal:

Proposal 6
For ARFCN fields that are included in dedicated signalling, add an extension only covering the carrier frequency and using the extended value range (i.e. 65535 to 131071)
2.4 Other aspects
Extension of MCI

Information element MobilityControlInfo (MCI) includes the ARFCN and hence requires an extension. The IE includes an extension marker (…) that has not been used so far. Hence there are two options for introducing an extension in REL-8:

a) 
Extend  MCI: add the extension field after the extension marker

b) 
Late corrections container in RRCConnectionReconfiguration: add the extension to the late corrections container
In some other cases (i.e. connection release), the late corrections container is the only possible option. We do however don't see a big benefit to align this particular aspect. We have a slight preference for using the extension marker in MCI, as this is the default way to introduce extensions to this IE.

Proposal 7
Extend IE MobilityControlInfo by adding an extension after the extension marker (rather than using the late corrections container in the RRCConnectionReconfiguration message).

NOTE
We assume it is common understanding that using the extension marker rather than the container for late corrections should be considered only if no extensions concerning REL-9 or later have been introduced after the extension marker e.g. as in the case of RLF-Report.
Extension of AS-Config
Upon handover preparation the source eNB indicates the ARFCN of the primary frequency used prior to handover (by field source sourceDl-CarrierFreq within AS-Config). We assume the source does not know if the target supports the extensions related to the ARFCN extension. Consequently, it is not possible for the source to indicate whether an offset applies, as a non-supporting target always only considers the original field and hence misinterpret the ARFCN information. Hence our proposal is as follows:
Proposal 8
For ARFCN fields that the source provides to the target upon handover preparation, extend the field xl-CarrierFreq by specifying that value 65534 means acess is prohibited and by adding an extension covering values (65535 to 131071)

3 Conclusion & recommendation
This paper discusses the extension of the band indicator and the EARFCN and includes the following proposals that RAN2 is requested to conclude:
Proposal 1
Extend the EARFCN from 65535 to 131071

Proposal 2
Extend field freqBandIndicator in SIB1 by specifying that value 64 means acess is prohibited and by adding an extension covering values (65..128)

Proposal 3
Extend field multiBandInfoList in SIB1 by adding a linked extension that includes an entry for each entry included in the original field. In case the original value range is used, the entry in the extension field is empty. In case the extended value range is used, the entry in the original field indicates 64 while the corresponding entry in the extension indicates the extended value (65.128)

Proposal 4
Extend field multiBandInfoList in SIB5 by adding an independent extension that includes an entries using the extended value range (while the original list includes entries using the original EFBI value range). E-UTRAN includes at most maxMultiBands in the two lists

Proposal 5
For ARFCN fields that are broadcast, extend the field xl-CarrierFreq by specifying that value 65534 means acess is prohibited and by adding an extension covering values (65535 to 131071)

Proposal 6
For ARFCN fields that are included in dedicated signalling, add an extension only covering the carrier frequency and using the extended value range (i.e. 65535 to 131071)
Proposal 7
Extend IE MobilityControlInfo by adding an extension after the extension marker (rather than using the late corrections container in the RRCConnectionReconfiguration message).

Proposal 8
For ARFCN fields that the source provides to the target upon handover preparation, extend the field xl-CarrierFreq by specifying that value 65534 means acess is prohibited and by adding an extension covering values (65535 to 131071)

Corresponding CRs are provided in [2] and [3], that RAN2 is requested to review and conclude. Samsung will of course be happy to also provide the corresponding REL-9 and REL-10 CRs.
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