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1 Introduction

This document discusses some open issues with the “Multiple Frequency Band Indicators (MFBI) per cell”.
2 Discussion
2.1 Is reconfiguration to same physical frequency an “Intra-frequency Handover” or “Inter-frequency Handover”?
There have been some discussions on the currently specified UE behaviour for the case of reconfiguration (handover) from EARFCN_A to EARFCN_B, where EARFCN_A and EARFCN_B correspond to the same physical frequency, but belong to different frequency bands. This is the existing procedure text from TS36.331:
5.5.6.1
Actions upon handover and re-establishment
E-UTRAN applies the handover procedure as follows:

-
when performing the handover procedure, as specified in 5.3.5.4, ensure that a measObjectId corresponding to each handover target serving frequency is configured as a result of the procedures described in this sub-clause and in 5.3.5.4;

E-UTRAN applies the re-establishment procedure as follows:

-
when performing the connection re-establishment procedure, as specified in 5.3.7, ensure that a measObjectId corresponding each target serving frequency is configured as a result of the procedure described in this sub-clause and the subsequent connection reconfiguration procedure immediately following the re-establishment procedure;

The UE shall:

1>
for each measId included in the measIdList within VarMeasConfig:

2>
if the triggerType is set to periodical:

3>
remove this measId from the measIdList within VarMeasConfig:

1>
if the procedure was triggered due to a handover or successful re-establishment and the procedure involves a change of primary frequency, update the measId values in the measIdList within VarMeasConfig as follows:

2>
if a measObjectId value corresponding to the target primary frequency exists in the measObjectList within VarMeasConfig:

3>
for each measId value in the measIdList:

4>
if the measId value is linked to the measObjectId value corresponding to the source primary frequency:

5>
link this measId value to the measObjectId value corresponding to the target primary frequency;

4>
else if the measId value is linked to the measObjectId value corresponding to the target primary frequency:

5>
link this measId value to the measObjectId value corresponding to the source primary frequency;

2>
else:

3>
remove all measId values that are linked to the measObjectId value corresponding to the source primary frequency;

1>
remove all measurement reporting entries within VarMeasReportList;

1>
stop the periodical reporting timer or timer T321, whichever one is running, as well as associated information (e.g. timeToTrigger) for all measId;

1>
release the measurement gaps, if activated;

NOTE:
If the UE requires measurement gaps to perform inter-frequency or inter-RAT measurements, the UE resumes the inter-frequency and inter-RAT measurements after the E-UTRAN has setup the measurement gaps.

In the text above, our understanding is that any change of EARFCN (i.e. also in case of same physical frequency) is to be considered as a change of primary frequency. Although this is not perfectly clear from the existing specification text, we have not identified any problem that motivates a clarification. 
The concepts intra- and inter-frequency handover are not used in RAN2 and TS36.331 to describe any procedure or UE behaviour. So, purely from RAN2 point of view, there seems no need to add any clarification to RAN2 specifications.

As already mentioned in e.g. RAN2 email discussion 81#00, since the UE RF requirements are typically different in different bands (e.g. as expressed by the NS value (AdditionalSpectrumEmission)), it seems feasible to consider any change of EARFCN as an inter-frequency handover. Some physical layer retuning in UE seems needed. Furthermore, in RAN4 and TS36.133, there are slightly different handover requirements for intra- and Inter-frequency handover (Tsearch and “known cell”).  E.g., it might not be evident that UE measurements recently executed on a cell while using EARFCN_A  means that this cell is considered as “known” after a handover is commanded to EARFCN_B (however the same physical carrier). 
Furthermore, it can be expected that in real networks, the use case for this “inter-band intra-physical-frequency handover” is rare, and will in practice only happen where deployments of overlapping bands results in border areas.

Proposal 1 We propose that issue on intra- vs inter-frequency handover is further discussed in RAN4 based on company contribution.
2.2 EUTRA MBMS

In this section, we discuss some issues related to Rel-11 MBMS for MFBI-UE
2.2.1 Carrier frequencies in SIB15
SIB15 lists MBMS SAIs of current and neighbouring carrier frequencies.  
–
SystemInformationBlockType15

The IE SystemInformationBlockType15 contains the MBMS Service Area Identities (SAI) of the current and/ or neighbouring carrier frequencies.

SystemInformationBlockType15 information element
-- ASN1START

SystemInformationBlockType15-r11 ::=
SEQUENCE {


mbms-SAI-IntraFreq-r11




MBMS-SAI-List-r11



OPTIONAL,
-- Need OR


mbms-SAI-InterFreqList-r11



MBMS-SAI-InterFreqList-r11

OPTIONAL,
-- Need OR


lateNonCriticalExtension



OCTET STRING




OPTIONAL,
-- Need OP


...

}

MBMS-SAI-List-r11 ::=




SEQUENCE (SIZE (1..maxSAI-MBMS-r11)) OF MBMS-SAI-r11

MBMS-SAI-r11 ::=





INTEGER (0..65535)

MBMS-SAI-InterFreqList-r11 ::=


SEQUENCE (SIZE (1..maxFreq)) OF MBMS-SAI-InterFreq-r11

MBMS-SAI-InterFreq-r11 ::=



SEQUENCE {


dl-CarrierFreq-r11





ARFCN-ValueEUTRA-r9,

mbms-SAI-List-r11





MBMS-SAI-List-r11

}

-- ASN1STOP

	SystemInformationBlockType15 field descriptions

	mbms-SAI-InterFreqList

Contains a list of neighboring frequencies that provide MBMS services and the corresponding MBMS SAIs.

	mbms-SAI-IntraFreq

Contains the list of MBMS SAIs for the current frequency.

	mbms-SAI-List

Contains a list of MBMS SAIs for a specific frequency.


The MBMS frequencies are identified with EARFCNs. It is not possible in SIB15 to indicate multiple frequency bands per carrier frequency. Furthermore, there is no specified linking between the inter-frequency lists in SIB5 (where the inter-frequency list contains the multiBandInfoList) and SIB15. Consequently, we propose the following:

Proposal 2 MFBI UE that supports MBMS needs to understand EARFCNs in SIB15 of frequency bands that UE might not support.

2.2.2 Carrier frequency in MBMSInterestIndication
Since (as discussed in previous section) MFBI-UE understands EARFCNs in SIB15 of frequency bands that UE might not support, it seems relevant to clarify that the MBMS frequencies (EARFCNs) that UE indicates in MBMSInterestIndication are the SIB15-signalled EARFCNs.
–
MBMSInterestIndication

The MBMSInterestIndication message is used to inform E-UTRAN that the UE is receiving/ interested to receive or no longer receiving/ interested to receive MBMS via an MRB.

Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: UE to E‑UTRAN

MBMSInterestIndication message
-- ASN1START

MBMSInterestIndication-r11 ::=

SEQUENCE {


criticalExtensions




CHOICE {



c1








CHOICE {



interestIndication-r11



MBMSInterestIndication-r11-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

MBMSInterestIndication-r11-IEs ::=
SEQUENCE {


mbms-FreqList-r11




CarrierFreqListMBMS-r11


OPTIONAL,

mbms-Priority-r11




ENUMERATED {true}



OPTIONAL,


lateNonCriticalExtension


OCTET STRING




OPTIONAL,


nonCriticalExtension



SEQUENCE {}





OPTIONAL

}

-- ASN1STOP
	MBMSInterestIndication field descriptions

	mbms-FreqList

List of MBMS frequencies on which the UE is receiving or interested to receive MBMS via an MRB.

	mbms-Priority
Indicates whether the UE prioritises MBMS reception above unicast reception. The field is present (i.e. value true), if the UE prioritises reception of all listed MBMS frequencies above reception of any of the unicast bearers. Otherwise the field is absent.


:

–
CarrierFreqListMBMS
The IE CarrierFreqListMBMS is used to indicate the E-UTRA ARFCN values of the one or more MBMS frequencies the UE is interested to receive.

CarrierFreqListMBMS information element
-- ASN1START

CarrierFreqListMBMS-r11 ::=

SEQUENCE (SIZE (1..maxFreqMBMS-r11)) OF ARFCN-ValueEUTRA-r9
-- ASN1STOP

Hence, we propose the following:
Proposal 3 Clarify in 36.331 that UE indicates MBMS frequencies that the UE is interested to receive using the EARFCNs listed in SIB15.

2.2.3 MBMS frequencies of interest
The current text in 36.331 on how MBMS UE determines the set of MBMS frequencies of interest does not cover MFBI-UE
5.8.5.3
Determine MBMS frequencies of interest

The UE shall:

1>
consider a frequency to be part of the MBMS frequencies of interest if the following conditions are met:

2>
at least one MBMS session the UE is receiving or interested to receive via an MRB is ongoing or about to start; and

NOTE 1:
The UE may determine whether the session is ongoing from the start and stop time indicated in the User Service Description (USD), see 3GPP TS 36.300 [9] or 3GPP TS 26.346 [X].

2>
for at least one of these MBMS sessions SystemInformationBlockType15 acquired from the PCell includes for the concerned frequency one or more MBMS SAIs as indicated in the USD for this session; and

NOTE 2:
The UE considers a frequency to be part of the MBMS frequencies of interest even though E-UTRAN may (temporarily) not employ an MRB for the concerned session. I.e. the UE does not verify if the session is indicated on MCCH.

2>
the UE is capable of simultaneously receiving the set of MBMS frequencies of interest, regardless of whether a serving cell is configured on each of these frequencies or not; and

2>
the supportedBandCombination the UE included in UE-EUTRA-Capability contains at least one band combination including the set of MBMS frequencies of interest;
NOTE 3:
Indicating a frequency implies that the UE supports SystemInformationBlockType13 acquisition for the concerned frequency i.e. the indication should be independent of whether a serving cell is configured on that frequency.

NOTE 4:
When evaluating which frequencies it can receive simultaneously, the UE does not take into account the serving frequencies that are currently configured i.e. it only considers MBMS frequencies it is interested to receive.

For the yellow-marked paragraphs to be valid also for an MFBI capable UE, our understanding is that in order to determine MBMS frequencies of interest, an MFBI capable UE need not support the frequency band (or band combination) of the EARFCNs listed SIB15, but instead support any band (or band combination) that maps to the same physical frequencies. Hence, we propose the following change
Proposal 4 We ask RAN2 to agree on the following change in 36.331:

the supportedBandCombination the UE included in UE-EUTRA-Capability contains at least one band combination including the set of MBMS frequencies  (EARFCNs as listed in SIB15 or EARFCNs referring to the same physical frequency) of interest.
2.3 UTRA RRC connection reject with redirect to EUTRA 

When reading the UTRA SIB19, the UE will store the list of signalled EARFCN in the variable EUTRA_FREQUENCY_INFO_LIST [25.331, subclause 8.6.7.3c]. For MFBI-capable UE, this behaviour is extended such that a UE not understanding the "legacy" EARFCN can overwrite that EARFCN stored in EUTRA_FREQUENCY_INFO_LIST with the EARFCN of any overlapping E-UTRA Frequency Band signalled in the SIB.

When making an access attempt to UTRA, the UE uses the contents of the variable EUTRA_FREQUENCY_INFO_LIST when setting the "Pre-redirection Info" IE in RRC CONNECTION REQUEST message, so a MFBI capable UE will include this "Pre-redirection Info" IE if it supports any overlapping band signalled in the SIB19.

UTRAN may choose to redirect a UE to E-UTRA using RRC CONNECTION REJECT message if the UE includes the "Pre-redirection Info" IE in RRC CONNECTION REQUEST. However, if the UE receives “unsupported frequencies” in the Reject message, these shall be ignored [25.331, subclause 10.2.36]. At the time of the RRC CONNECTION REQUEST the UTRAN does not know the capabilities of the UE, and therefore does not know if the UE has included the "Pre-redirection Info" IE because the UE supports a "legacy" E-UTRA Frequency band or an overlapping band to that "legacy" band. However, the intended behaviour may be considered as kept by the following text in 25.331:
8.1.3.9         Reception of an RRC CONNECTION REJECT message by the UE
                    :

                    :

3>              if the IE "E-UTRA target info" is present:

4>        attempt to camp on a suitable cell on one of the frequencies indicated for that RAT, excluding any cell indicated in the list of not allowed cells for that RAT (i.e. the "blacklisted cells per freq list" for E-UTRA), if present;

4>        if the UE selects and camps on one such cell:

5>  disable cell reselection to the original RAT until the time stated in the IE "wait time" has elapsed.
4>        if the UE cannot find any suitable cell on the indicated frequencies within 10s, the UE is allowed to camp on any suitable cell on that RAT:
5>  after having selected and camped on a suitable cell on the designated RAT:
6>            disable cell reselection to the original RAT until the time stated in the IE "wait time" has elapsed.

Proposal 5 RAN2 to consider if further action need to be taken to secure intended operation of the “pre-redirect to EUTRA” feature.
2.4 EARFCN in downlink dedicated EUTRA RRC signalling

RAN2 have earlier discussed if a UE should be able to “understand” EARFCNs of bands that UE does not support, but that overlaps a band that UE support. So far, nu conclusion has been reached.

RAN2 already agreed in [1] that eNB must at handover/reconfiguration only provide an EARFCN of a band supported by the UE (since the UE is not expected to support NS values of bands that UE does not support). RAN2 has already identified that similar restriction is needed for Scell addition. In [2, 3], we provide draft CRs to clarify this in 36.331.

For measurement configuration in EUTRA, 36.331 currently allows that eNB may configure UE with an intra-frequency measurement object before eNB know the UE capabilities. From 36.331, A.6
Protection of RRC messages (informative): 

	MeasurementReport
	+
	-
	-
	Justification for case “P”: RAN2 agreed that measurement configuration may be sent prior to security activation


It can be discussed how essential this early measurement configuration is, but still, this is a configuration allowed by 36.331.

It is evident that a UE “understands” EARFCNs of bands that it does not support, and is able to “convert” such EARFCN to an EARFCN of a Band that UE supports. This is required for proper idle mode operation. And it cannot be argued that this mapping is more complex for UE in connected mode than for UE in idle mode. Furthermore, as there is no difference in RAN4 requirements for downlink  between overlapping bands, having UE convert a signalled EARFN to a EARFCN that UE actually supports would not result in any measurment performance loss.
Currently, support FGI31 means that UE is able to perform this EARFCN conversion in idle as well as connected mode.   
	Index of indicator (bit number)
	Definition

(description of the supported functionality, if indicator set to one)
	Notes
	If indicated "Yes" the feature shall be implemented and successfully tested for this version of the specification
	FDD/ TDD diff

	31
	- Indicates whether the UE supports the mechanisms defined for cells broadcasting multi band information i.e. comprehending multiBandInfoList, disregarding in RRC_CONNECTED the related system information fields and understanding the EARFCN signalling for all bands, that overlap with the bands supported by the UE, and that are defined in the earliest version of TS 36.101 [42] that includes all UE supported bands.
	
	
	


We ask RAN2 to discuss and conclude on if there is a need to change this.
Proposal 6 RAN2 to confirm that UE shall be able to convert EARFCN of non-supported overlapping band to an EARFCN of a band that UE supports both in idle and connected mode.
3 Conclusion

In this document, we have discussed some MFBI issues. We ask RAN2 to consider the following proposals:
Proposal 7 We propose that issue on intra- vs inter-frequency handover is further discussed in RAN4 based on company contribution.

Proposal 8 MFBI UE that supports MBMS needs to understand EARFCNs in SIB15 of frequency bands that UE might not support.

Proposal 9 Clarify in 36.331 that UE indicates MBMS frequencies that the UE is interested to receive using the EARFCNs listed in SIB15.

Proposal 10 We ask RAN2 to to include the following note in 36.331:
the supportedBandCombination the UE included in UE-EUTRA-Capability contains at least one band combination including the set of MBMS frequencies  (EARFCNs as listed in SIB15 or EARFCNs referring to the same physical frequency) of interest.
Proposal 11 RAN2 to consider if further action need to be taken to secure intended operation of the “pre-redirect to EUTRA” feature.

Proposal 12 RAN2 to confirm that UE shall in idle and connected mode be able to convert a signalled EARFCN of non-supported overlapping band to EARFCN of a band that UE supports.
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