
3GPP TSG-RAN WG2 #76
R2-115746
14th – 18th November 2011
San Francisco, USA
Source:                    
NTT DOCOMO, INC.
Title:  
Analysis of RRC functions for supporting equivalent bands
Document for:        
Discussion and decision
Agenda Item:         
5.3
1. Introduction
Based on the LS received from RAN4 [1], Support of additional frequency bands was discussed at RAN2 #75 [2]. A reply LS was sent to ask a few questions to determine required signalling for the additional frequency band support [3]. This paper attempt to analyse some of them from RAN2 point of view and clarify the whole additional functions required for the LTE RRC specification. 
2. Discussion
2.1. Equivalent band usage
Additional frequency band support was motivated by the extending 850MHz SI [4]. A new frequency band (Band 26) is to be introduced, so that existing reginal 850MHz bands can be encompassed by the new band as shown in Fig.1. As to use cases of the extended band, the followings can be considered:
Case 1: A pre Rel-11 UE supporting one of the legacy 850MHz bands (e.g., either Band 5 or 19) is connected to the network.
Case 2: A Rel-11 UE supporting the extended 850MHz bands (Band 26) is connected to the network

Case 3: A Rel-11 UE supporting multiple 850MHz bands (e.g., Band 5, 19 and 26) is connected to the network.

For the network to cover all cases, additional supporting bands (e.g., Band 5 and 26) are informed toghther with the existing supporting band (e.g., Band 19) by broadcast as proposed in [5]. In this coexistence scenario between the legacy and extended bands, the following assumptions can be considered in case the network is served by a single operator:
· DL/ UL carrier frequencies are the same for all 850MHz bands (Therefore, it is also called “equivalent band” in RAN4).

With these assumptions, required RRC functions are analysed below, trying to minimise broadcast overhead.
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Fig.1
850MHz band extention (an excerpt from TR 37.806 Figure 5.2.2-1).
2.2. Required RRC functions
2.2.1 Initial connection establishment
For the UE to know the equivalent bands supported by the NW, a list of equivalent band is needed in SIB1 as proposed in [5]. The IE AdditionalSpectrumEmission is also needed for each equivalent band as proposed in [5], as different bands may have different requirements even for equivalent bands. 
However, the need of UL carrier frequency list for each equivalent band [5], which is denoted by EARFCN value, should be discussed. Even if DL/ UL carrier freequency is the same among equivalent bands, different EARFCN values are defined for different bands [6]. Nevertheless, the EARFCN value can be derived, once the carrier frequency and the operating band are identified as defined in sub-clause 5.7.3 of [7]. Hence, the UE can calculate the EARFCN value corresponding to the equivalent band on its own, if the UL carrier frequency is known. The UE can also calculate the UL carrier frequency by the existing broadcast information, i.e., ul-CarrierFreq (EARFCN value corresponding to the operating band denoted by freqBandIndicator in SIB1) in SIB2 from the following equation [7]:
FUL = FUL_low + 0.1(NUL – NOffs-UL)
Threfore, the UL carrier frequency list for each equivalent band needs not to be broadcast. In summary the following is proposed:
Proposal 1:

An equivalent band list needs to be introduced in SIB1 (same as [5])
Proposal 2:
The IE AdditionalSpectrumEmission for each equivalent band needs to be introduced in SIB1 (same as [5]). However, the IE ul-CarrierFreq for each equivalent band is not needed.
2.2.2 Idle mode mobility
From the RRC specification point of view, the EARFCN value is used to denote the carrier frequency. For idle mode mobility, SIB5 broadcasts inter-frequency cell reselection parameters for which the EARFCN value is used. The IE InterFreqCarrierList consists of InterFreqCarrierFreqInfo for each dl-CarrierFreq. Since the dl-CarrierFreq is denoted by the EARFCN value, different InterFreqCarrierFreqInfo IE is needed, if the EARFCN value is different. To support equivalent bands, the following alternatives can be considered:
Alternative A1:
Increase the maximum number of carrier frequencies (maxFreq) included in the InterFreqCarrierList (the current value is 8).
Alternative A2:
Add DL EARFCN value for each equivalent band or equivalent band information [6, 8].
With regards to Alt.A1, increase of broadcast overhead is not negligible. Moreover, redundant information is broadcast, as all of cell reselection parameters would be the same, if the separate InterFreqCarrierFreqInfo IE is used for each EAFRCN value corresponding to the equivalent band.
With regareds to Alt.A2, either DL EARFCN value or equivalent band information is added to the InterFreqCarrierFreqInfo IE. This approach does not increase the size of InterFreqCarrierList. Since the broadcast overhead is smaller than in Alt.A1, Alt.A2 seems to be desirable. Considering the required bit length, use of the equivalent band information can minimise the overhead rather than the EARFCN value. However, in a scenario where supported equivalent bands on neighbor cells are not unique, the separate InterFreqCarrierFreqInfo IE might be needed. Therefore, the following is proposed:
Proposal 3:
An equivalent band list needs to be introduced within the InterFreqCarrierFreqInfo IE in SIB5.
2.2.3 Connected mode measurements and mobility
For connected mode measurements, the carrierFreq for MeasObjectEUTRA and MeasObjectUTRA is denoted by the EARFCN value. The UE can be configured with the measurement objects corresponding to the supporting bands. However, in case the UE supports multiple equivalent bands (Case 3 in 2.1), a single measurememt object should be configured for the corresponding DL carrier frequency. To do this, the following alternatives can be considered:
Alternative B1:
Use of prioritised Equivalent band information
If the network broadcasts equivalent bands in priority order and the UE selects a band among supported equivalent bands based on the priority order, the eNB can guess which band the UE has selected by received UE radio capability. Hence, the eNB can denote the corresponding DL EARFCN value in the measurement object.
Alternative B2:
Selected band report from the UE

The UE reports selected band during initial connection establishment. From the UE report, the eNB can denote the corresponding DL EARFCN value in the measurement object.

Alternattive B3:
UE implementation
Which band the UE selects among equivalent bands supported by the network is left to UE implementation. The eNB cannot know the band selected by the UE. Hence, the eNB denotes the EARFCN value corresponding to one of the equivalent bands in the measurement object. By deriving the DL carrier frequency from the EARFCN value, the UE judges whether the measurement object is for the equivalent band or not. For instance, the eNB supports Band 19 and 26 and always denote the EARFCN value for Band 19 in the measurement object. The UE supporting both Band 19 and 26 selects Band 26 and is configured with the measurement object denoted by the Band 19 EARFCN. By deriving the DL carrier frequency from Band 19 EARFCN, the UE knows that the configured measurement object is for the selected band (Band 26). 
Alternatives are analysed after explaining the connected mode mobility case below.

For connected mode mobility, the sourceDL-CarrierFreq in the AS-Config IE included in the HandoverPreparationInformation message is also denoted by the EARFCN value. With this IE, the target eNB can learn that whether an intra-frequency or inter-frequency HO is requested, and decide to include the carrierFreq in the mobilityControlInfo or not. The UE can learn that whether intra or inter-frequency HO is commanded depending on the presence of the carrierFreq upon receiving the HO Command.
In a scenario where the frequency band is changed during a HO as illustrated in Fig.2, the UE has to transmit UL signal complying with A-MPR requirement for the target band. Inter-frequency HO mechanism as explained above can be used to cover this scenario. To enable this, the source eNB needs to know the band selected by the UE somehow in order to set the sourceDL-CarrierFreq to the corresponding EARFCN value. Alt.B3 cannot support this scenario, since the source eNB cannot know which band the UE has selected. 
Comparing between Alt.B1 and B2, Alt.B1 seems to be desirable, as there is no signalling impact. The need of equivalent band prioritisation was asked to RAN4 [3]. However, from RAN2 point of view, such prioritisation would have an advantage. Therefore, the following is proposed:
Proposal 4:
Equivalent bands should be broadcast in priority order. A UE supporting multiple equivalent bands should be able to select a frequency band based on the priority order.
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Fig.2
Handover between cells supporting diferent equivalent bands.

3. Summary and proposal
This paper analysed RRC functions required for suppoting equivalent bands. In conclusion, the followings are proposed:
Proposal 1:

An equivalent band list needs to be introduced in SIB1 (same as [5])

Proposal 2:
The IE AdditionalSpectrumEmission for each equivalent band needs to be introduced in SIB1 (same as [5]). However, the IE ul-CarrierFreq for each equivalent band is not needed.
Proposal 3:
An equivalent band list needs to be introduced within the InterFreqCarrierFreqInfo IE in SIB5.
Proposal 4:
Equivalent bands should be broadcast in priority order. A UE supporting multiple equivalent bands should be able to select a frequency band based on the priority order.
An example of ASN.1 change is shown in the Annex section.
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Annex: An exammple of ASN.1 change in SIB1, 2, and 5

SystemInformationBlockType1 message (an excerpt from [5])
-- ASN1START

SystemInformationBlockType1 ::=

SEQUENCE {


cellAccessRelatedInfo



SEQUENCE {



plmn-IdentityList




PLMN-IdentityList,



trackingAreaCode




TrackingAreaCode,



cellIdentity





CellIdentity,



cellBarred






ENUMERATED {barred, notBarred},



intraFreqReselection



ENUMERATED {allowed, notAllowed},



csg-Indication





BOOLEAN,



csg-Identity





CSG-Identity


OPTIONAL
-- Need OR


},


cellSelectionInfo




SEQUENCE {



q-RxLevMin






Q-RxLevMin,



q-RxLevMinOffset




INTEGER (1..8)


OPTIONAL
-- Need OP


},


p-Max







P-Max





OPTIONAL,


-- Need OP


freqBandIndicator




INTEGER (1..64),


schedulingInfoList




SchedulingInfoList,


tdd-Config






TDD-Config




OPTIONAL,
-- Cond TDD


si-WindowLength





ENUMERATED {












ms1, ms2, ms5, ms10, ms15, ms20,












ms40},


systemInfoValueTag




INTEGER (0..31),


nonCriticalExtension



SystemInformationBlockType1-v890-IEs




OPTIONAL

}

SystemInformationBlockType1-v890-IEs::=
SEQUENCE {


lateNonCriticalExtension


OCTET STRING


OPTIONAL,
-- Need OP


nonCriticalExtension



SystemInformationBlockType1-v920-IEs
OPTIONAL

}

SystemInformationBlockType1-v920-IEs ::=
SEQUENCE {


ims-EmergencySupport-r9



ENUMERATED {true}


OPTIONAL,
-- Need OR


cellSelectionInfo-v920



CellSelectionInfo-v920

OPTIONAL,
-- Cond RSRQ


nonCriticalExtension



SystemInformationBlockType1-v11xy-IEs




OPTIONAL
}

SystemInformationBlockType1-v11xy-IEs ::=
SEQUENCE {


addiFreqBandIndicatorList-r11






SEQUENCE (SIZE (1..maxAddiFBI-r11) OF INTEGER (1..64)
OPTIONAL,
-- Need OR


nonCriticalExtension



SEQUENCE {}






OPTIONAL
-- Need OP

}
PLMN-IdentityList ::=




SEQUENCE (SIZE (1..6)) OF PLMN-IdentityInfo

PLMN-IdentityInfo ::=




SEQUENCE {


plmn-Identity






PLMN-Identity,


cellReservedForOperatorUse



ENUMERATED {reserved, notReserved}

}

SchedulingInfoList ::= SEQUENCE (SIZE (1..maxSI-Message)) OF SchedulingInfo

SchedulingInfo ::=
SEQUENCE {


si-Periodicity





ENUMERATED {












rf8, rf16, rf32, rf64, rf128, rf256, rf512},


sib-MappingInfo





SIB-MappingInfo

}

SIB-MappingInfo ::= SEQUENCE (SIZE (0..maxSIB-1)) OF SIB-Type

SIB-Type ::=





ENUMERATED {











sibType3, sibType4, sibType5, sibType6,











sibType7, sibType8, sibType9, sibType10,











sibType11, sibType12-v920, sibType13-v920, spare5,











spare4, spare3, spare2, spare1, ...}

CellSelectionInfo-v920 ::=


SEQUENCE {


q-QualMin-r9





Q-QualMin-r9,


q-QualMinOffset-r9




INTEGER (1..8)





OPTIONAL
-- Need OP

}

-- ASN1STOP

SystemInformationBlockType2 information element (an excrept from [5] with Proposal 2)
-- ASN1START

SystemInformationBlockType2 ::=

SEQUENCE {


ac-BarringInfo





SEQUENCE {



ac-BarringForEmergency



BOOLEAN,



ac-BarringForMO-Signalling


AC-BarringConfig



OPTIONAL,
-- Need OP



ac-BarringForMO-Data



AC-BarringConfig



OPTIONAL
-- Need OP


}

















OPTIONAL,
-- Need OP


radioResourceConfigCommon


RadioResourceConfigCommonSIB,


ue-TimersAndConstants



UE-TimersAndConstants,


freqInfo






SEQUENCE {



ul-CarrierFreq





ARFCN-ValueEUTRA



OPTIONAL,
-- Need OP



ul-Bandwidth





ENUMERATED {n6, n15, n25, n50, n75, n100}




















OPTIONAL,
-- Need OP



additionalSpectrumEmission


AdditionalSpectrumEmission


},


mbsfn-SubframeConfigList


MBSFN-SubframeConfigList


OPTIONAL, 
-- Need OR

timeAlignmentTimerCommon


TimeAlignmentTimer,


...,


lateNonCriticalExtension

OCTET STRING





OPTIONAL,
-- Need OP


[[
ssac-BarringForMMTEL-Voice-r9

AC-BarringConfig



OPTIONAL,
-- Need OP



ssac-BarringForMMTEL-Video-r9

AC-BarringConfig



OPTIONAL
-- Need OP


]],


[[
ac-BarringForCSFB-r10



AC-BarringConfig


OPTIONAL
-- Need OP


]],

[[
addiAdditionalSpectrumEmissionList-r11
SEQUENCE (SIZE (1..maxAddiFBI-r11)) OF AdditionalSpectrumEmission 
OPTIONAL
-- Need OR


]]
}

AC-BarringConfig ::=



SEQUENCE {


ac-BarringFactor




ENUMERATED {












p00, p05, p10, p15, p20, p25, p30, p40,











p50, p60, p70, p75, p80, p85, p90, p95},


ac-BarringTime





ENUMERATED {s4, s8, s16, s32, s64, s128, s256, s512},


ac-BarringForSpecialAC



BIT STRING (SIZE(5))

}

MBSFN-SubframeConfigList ::= 

SEQUENCE (SIZE (1..maxMBSFN-Allocations)) OF MBSFN-SubframeConfig

-- ASN1STOP

SystemInformationBlockType5 information element
-- ASN1START

SystemInformationBlockType5 ::=

SEQUENCE {


interFreqCarrierFreqList


InterFreqCarrierFreqList,


...,


lateNonCriticalExtension



OCTET STRING



OPTIONAL
-- Need OP

}

InterFreqCarrierFreqList ::=

SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo

InterFreqCarrierFreqInfo ::=
SEQUENCE {


dl-CarrierFreq





ARFCN-ValueEUTRA,


q-RxLevMin






Q-RxLevMin,


p-Max







P-Max






OPTIONAL,

-- Need OP


t-ReselectionEUTRA




T-Reselection,


t-ReselectionEUTRA-SF



SpeedStateScaleFactors


OPTIONAL,

-- Need OP


threshX-High





ReselectionThreshold,


threshX-Low






ReselectionThreshold,


allowedMeasBandwidth



AllowedMeasBandwidth,


presenceAntennaPort1



PresenceAntennaPort1,


cellReselectionPriority



CellReselectionPriority


OPTIONAL,

-- Need OP


neighCellConfig





NeighCellConfig,


q-OffsetFreq





Q-OffsetRange




DEFAULT dB0,


interFreqNeighCellList



InterFreqNeighCellList


OPTIONAL, 

-- Need OR


interFreqBlackCellList



InterFreqBlackCellList


OPTIONAL, 

-- Need OR


...,


[[
q-QualMin-r9




Q-QualMin-r9




OPTIONAL,

-- Need OP



threshX-Q-r9




SEQUENCE {




threshX-HighQ-r9



ReselectionThresholdQ-r9,




threshX-LowQ-r9




ReselectionThresholdQ-r9



}















OPTIONAL

-- Cond RSRQ


]],


[[
addiFreqBandIndicatorList-r11







SEQUENCE (SIZE (1..maxAddiFBI-r11) OF INTEGER (1..64)
OPTIONAL,
-- Need OR

]]
}

InterFreqNeighCellList ::=


SEQUENCE (SIZE (1..maxCellInter)) OF InterFreqNeighCellInfo

InterFreqNeighCellInfo ::=


SEQUENCE {


physCellId






PhysCellId,


q-OffsetCell





Q-OffsetRange

}

InterFreqBlackCellList ::=


SEQUENCE (SIZE (1..maxCellBlack)) OF PhysCellIdRange

-- ASN1STOP
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