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1 Introduction

In RAN2#93 it was agreed as per [1] to add support for multiple PRB operation. In the said agreement, it was decided to include configuration of a non-anchor PRB in the IE radioResourceConfigDedicated.
In this contribution further details about UE reconfiguration to a non-anchor carrier are discussed.

2 Discussion

2.1 NB-IoT carrier reconfiguration details

In 36.331 Running CR to capture agreements on NB-IoT specifications [2], related to multi-PRB support the following is currently captured under 5.3.10.6 Physical channel reconfiguration:
For NB-IoT, the UE shall:

1>
if the carrierInfo [FFS] is included and specifies a carrier that the UE shall use for future receptions and transmissions:

2>
the UE shall start to use the new carrier immediately after the last transport block carrying the RRC message has been acknowledged by the MAC layer, and any subsequent RRC response message sent for the current RRC procedure is therefore sent on the new carrier;

Editors’ note: the details of the configuration of a non-anchor carrier  and related actions are FFS

1>
reconfigure the physical channel configuration in accordance with the received physicalConfigDedicated-NB.

In this contribution the contents of physicalConfigDedicated-NB needed for configuring the UE to a non-anchor carrier is further discussed.

In physicalConfigDedicated-NB, a NB-IoT UE is optionally provided with a set of parameters related to the non-anchor carrier(s). The set of parameters are scenario-dependent (e.g. from/to in-band/guard-band/standalone) and relate to downlink and/or uplink non-anchor carriers as presented below in the ASN.1 structure. 

-- ASN1START

Carrier-ConfigDedicated-NB-r13  ::=

SEQUENCE {


dl-nonAnchorCarrierFreq-NB-r13

DL-NonAnchorCarrierFreq-NB-r13

OPTIONAL,


ul-nonAnchorCarrierFreq-NB-r13

UL-NonAnchorCarrierFreq-NB-r13

OPTIONAL

}

-- ASN1STOP

Proposal 1  Carrier-ConfigDedicated-NB-r13 with the preceding ASN.1 format is introduced in physicalConfigDedicated-NB to specify the UL and/or DL non-anchor carrier(s) structure. 

As pointed out in [3], the actual NB-IoT channel center frequency in the case of in-band/guard-band operations will have a frequency offset to the 100 kHz raster ranging from 2.5 kHz to 47.5 kHz. Hence, in order to be able to configure the UE to a non-anchor carrier, it is proposed to convey the carrier frequency information in terms of eARFCN and an optional offset needed for guard-band/in-band operation as follows in ASN.1 format:

-- ASN1START

CarrierFreq-NB-r13 ::=

SEQUENCE { 


carrierFreq-NB-r13


ARFCN-ValueEUTRA-r9,


carrierFreqOffset-NB-r13
INTEGER (0..19)


OPTIONAL
-- Need ON

}

-- ASN1STOP
Proposal 2 The non-anchor carrier frequency is configured in terms of eARFCN and an optional offset needed for guard-band/in-band operation according to the preceding ASN.1 format. 
As agreed in RAN1#84, the UE is not expected to receive NPBCH, and NPSS/NSSS and any transmissions other than unicast transmissions in the non-anchor PRB. As a result, the PCI of the non-anchor carriers needs to be communicated to the UEs by either SI broadcast in the anchor carrier or through reconfiguration signaling unless the same PCI is used for the non-anchor carrier as for the anchor carrier. For Rel-13 we do not see any benefit of assigning different PCIs to non-anchor carriers other than the one of the associated anchor carrier.
Proposal 3 The PCI of a non-anchor NB-IoT carrier is always the same as its associated anchor carrier.

For carrier reconfiguration to a DL non-anchor in-band PRB, apart from the carrier information mentioned above, the number of LTE CRS antenna ports, number of LTE PDCCH symbols (or NB-IoT start symbol), the PRB offset to LTE middle PRB and the knowledge about whether LTE uses same PCI as NB-IoT (in able to be able to use LTE CRS), and number of NRS antenna ports need to be known by the UE prior to the reconfiguration procedure. For carrier reconfiguration to a DL non-anchor PRB, the number of NB-RS antenna ports needs to be known by the UE during the reconfiguration procedure. These configuration parameters can either be broadcasted on the anchor carrier in a newly defined SIB or optionally sent to the UE in dedicated message in case not broadcasted. Further, in the RAN1#2 Ad-Hoc is was agreed that:

On PRBs different than the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions, the NB-IoT UE does not rate match around NB-PBCH and NB-PSS/SSS, i.e., the mapping of NB-PDCCH/PDSCH symbols to REs occurs without consideration of NB-PSS/SSS/PBCH.

However, just including an indication that the carrier which the UE is reconfigured to, does in fact contain NPSS/NSSS and NPBCH would allow for reconfiguring and distributing UEs between several anchor carriers. Since the benefits can be rather large for a minor cost such an indication is included here.

The configurations mentioned above are outlined in ASN.1 format below:
-- ASN1START

DL-NonAnchorCarrierFreq-NB-r13 ::=
SEQUENCE {


carrierFreq-NB-r13



CarrierFreq-NB-r13,


nbRsPortsCount-NB-r13


ENUMERATED {n1, n2}
OPTIONAL,
-- Need ON


servesAsAnchorForOthers


BOOLEAN



OPTIONAL,
-- Need ON


inbandNonAnchorCarrierInfo

InbandNonAnchorCarrierInfo
OPTIONAL,
-- Cond SIconfig


...

}

-- ASN1STOP

, where
-- ASN1START

InbandNonAnchorCarrierInfo ::=

SEQUENCE { 


offsetToLteMiddlePrb-NB-r13

INTEGER (-50..49) 




OPTIONAL, -- Cond samePCI


startSymbol-NB-r13



INTEGER (1..4)





OPTIONAL,


sameLtePCI-Indicator-NB-r13

BOOLEAN







OPTIONAL,


lteCrsPortsCount-NB-r13


ENUMERATED {an1, an2, an4, spare1}
OPTIONAL

}

-- ASN1STOP

As noted in [4], there is no need to include the bandwidth of the LTE carrier but it is sufficient to indicate the offset, which in this case is relative to the central frequency of the LTE carrier.
Proposal 4 For NB-IoT DL non-anchor carrier configuration, the information outlined in preceding ASN.1 is provided to the UE in physicalConfigDedicated-NB.
For carrier reconfiguration to an UL non-anchor carrier, the UE needs to know the UL carrier information. This information can either be explicitly configured via CarrierFreq-NB-r13 mentioned above or alternately in case DL PRB non-anchor is also configured, the same duplex distance as for anchor DL-UL can be indicated to the UE. Furthermore the UE needs to know whether the target UL PRB serves as an anchor carrier for other UEs, i.e. whether the non-anchor is used for random access by others. For simplicity, the same random access configuration shall in such case apply to the target PRB as in source PRB. These configurations are outlined in the ASN.1 format below:

-- ASN1START

UL-NonAnchorCarrierFreq-NB-r13 ::=
SEQUENCE {


ulFreqInfo





CHOICE {

 

carrierFreq-NB-r13



CarrierFreq-NB-r13,



sameDuplexDistanceAsAnchor

NULL    -- Cond 


},


servesAsAnchorForOthers


BOOLEAN

OPTIONAL,
-- Need ON


...

}

-- ASN1STOP

Proposal 5 For NB-IoT UL non-anchor carrier configuration, the information outlined in preceding ASN.1 is provided to the UE. 

Proposal 6 In case the parameter “servesAsAnAnchorForOthers” is set to “true” in the configuration to non-anchor carrier above for UL and/or DL, the UE shall assume the same available subframes as in its anchor carrier.
As mentioned above, another way to convey many of the parameters above related to non-anchor carrier is through system information on the anchor carrier. This could be beneficial in case an operator often configures UEs to non-anchor carriers with same configuration rather than repeatedly sending the same configuration parameters to different UEs. Hence, it is suggested to define a new SIB that is optionally broadcasted and contains non-anchor configuration parameters. However, in case configuration parameters are provided in physicalConfigDedicated-NB, they override the parameters broadcasted in anchor carrier.

Proposal 7 In the anchor carrier, it is possible to optionally broadcast NB-IoT DL/UL non-anchor carrier configuration.
Proposal 8   Parameters provided to the UE in physicalConfigDedicated-NB override the non-anchor configuration parameters broadcasted in anchor carrier.
If the above proposals are accepted the ASN.1 structure for the new SIB with some of the required IEs is given in the Appendix.
2.2 ASN.1 text proposal

Below follows a summary of the ASN.1 structure discussed in the document. Based on the following structure currently suggested in [2]:

-- ASN1START

PhysicalConfigDedicated-NB ::=
SEQUENCE {


Carrier-ConfigDedicated-NB-r13

Carrier-ConfigDedicated-NB-r13

OPTIONAL,
-- Need ON


pdsch-ConfigDedicated-NB-r13

PDSCH-ConfigDedicated-NB-r13

OPTIONAL,
-- Need ON


pusch-ConfigDedicated-NB-r13

PUSCH-ConfigDedicated-NB-r13

OPTIONAL,
-- Need ON


uplinkPowerControlDedicated-NB-r13
UplinkPowerControlDedicated-NB-r13
OPTIONAL,
-- Need ON


tpc-PDCCH-ConfigPUSCH



TPC-PDCCH-Config




OPTIONAL,
-- Need ON


cqi-ReportConfig-NB-r13



CQI-ReportConfig-NB-r13



OPTIONAL,
-- Need ON


soundingRS-UL-ConfigDedicated-NB-r13 
SoundingRS-UL-ConfigDedicated-NB-r13
OPTIONAL,

-- Need ON


...

}

-- ASN1STOP

	physicalConfigDedicated-NB field descriptions

	Carrier-ConfigDedicated-NB-r13
This parameter contains the non-anchor carrier frequency positions dl-nonAnchorCarrierFreq-NB-r13 and/or ul-nonAnchorCarrierFreq-NB-r13.


The following structure has been proposed for Carrier-ConfigDedicated-NB-r13:
-- ASN1START

Carrier-ConfigDedicated-NB-r13  ::=

SEQUENCE {


dl-nonAnchorCarrierFreq-NB-r13

DL-NonAnchorCarrierFreq-NB-r13

OPTIONAL,


ul-nonAnchorCarrierFreq-NB-r13

UL-NonAnchorCarrierFreq-NB-r13

OPTIONAL

}

-- ASN1STOP

	Carrier-ConfigDedicated-NB-r13 field descriptions

	dl-nonAnchorCarrierFreq-NB-r13
This parameter specifies the frequency for the downlink carrier plus some additional information. If this parameter as absent the UE shall continue to use the anchor downlink carrier.

	ul-nonAnchorCarrierFreq-NB-r13
This parameter specifies the frequency for the uplink carrier plus some additional information. If this parameter as absent the UE shall continue to use the anchor uplink carrier.


-- ASN1START

DL-NonAnchorCarrierFreq-NB-r13 ::=
SEQUENCE {


carrierFreq-NB-r13



CarrierFreq-NB-r13,


nbRsPortsCount-NB-r13


ENUMERATED {n1, n2}
OPTIONAL,
-- Need ON


servesAsAnchorForOthers


BOOLEAN



OPTIONAL,
-- Need ON


inbandNonAnchorCarrierInfo

InbandNonAnchorCarrierInfo
OPTIONAL,
-- Cond SIconfig


...

}

-- ASN1STOP

	DL-NonAnchorCarrierFreq-NB-r13 field descriptions

	nbRsPortsCount-NB-r13
This parameter specifies whether the eNB uses one antenna port (n1) or two (n2). If this parameter is not present, the UE shall assume the same number of antenna ports as configured for the anchor carrier.

	servesAsAnchorForOthers
If this parameter is set to True the non-anchor carrier contains NPSS/NSSS, NPBCH and System Information.

	inbandNonAnchorCarrierInfo 
This parameter gives the configuration for the downlink non-anchor carrier. This configuration will override any previous configured by system information broadcast in the anchor carrier.


	Conditional presence
	Explanation

	SIconfig
	The field is mandatory present if the UE is reconfigured to an in-band carrier and InbandNonAnchorCarrierInfo is not provided in SI.  Otherwise the field is optional present, and any configuration given will override the corresponding one in SI.


-- ASN1START

InbandNonAnchorCarrierInfo ::=

SEQUENCE { 


offsetToLteMiddlePrb-NB-r13

INTEGER (-50..49) 




OPTIONAL, -- Cond samePCI


startSymbol-NB-r13



INTEGER (1..4)





OPTIONAL,


sameLtePCI-Indicator-NB-r13

BOOLEAN







OPTIONAL,


lteCrsPortsCount-NB-r13


ENUMERATED {an1, an2, an4, spare1}
OPTIONAL

}

-- ASN1STOP

	InbandNonAnchorCarrierInfo field descriptions

	offsetToLteMiddlePrb-NB-r13
This parameter gives the PRB index relative to the middle PRB in order for the UE to determine the legacy CRS. The sign of the PRB index is positive for PRBs higher in frequency than the central PRB and negative for PRBs lower in frequency. For an LTE carrier with an even number of PRBs the central six PRBs ({-3, 2}) are not valid as NB-IoT non-anchor carriers, and for odd numbers of PRBs the central seven PRBs ({-3, 3}) are not valid.

	startSymbol-NB-r13
This parameter specifies the PDCCH region of the LTE carrier.

	sameLtePCI-Indicator-NB-r13 
This parameter specifies whether the non-anchor carrier reuses the same PCI as the LTE carrier.

	lteCrsPortsCount-NB-r13
This parameter specifies the number of antenna ports used by the legacy carrier in the in-band case.


	Conditional presence
	Explanation

	samePCI
	The field is mandatory present if the sameLtePCI-Indicator-NB-r13 is present and set to TRUE. Otherwise the field is not present.


-- ASN1START

UL-NonAnchorCarrierFreq-NB-r13 ::=
SEQUENCE {


ulFreqInfo





CHOICE {

 

carrierFreq-NB-r13



CarrierFreq-NB-r13,



sameDuplexDistanceAsAnchor

NULL    -- Cond 


},


servesAsAnchorForOthers


BOOLEAN

OPTIONAL,
-- Need ON


...

}

-- ASN1STOP

	UL-NonAnchorCarrierFreq-NB-r13 field descriptions

	ulFreqInfo
This parameter specifies whether the frequency for the uplink carrier explicitly included or implicit from reusing the same duplex distance as for the anchor carrier.

	sameDuplexDistanceAsAnchor
If the downlink non-anchor carrier is specified by DL-NonAnchorCarrierFreq-NB-r13, this parameter can be specified to reuse the same duplex distance as for the anchor carrier and hence the uplink carrier frequency is not specified.

	servesAsAnchorForOthers
If this parameter is set to True the non-anchor carrier contains NPSS/NSSS, NPBCH and System Information.


-- ASN1START

CarrierFreq-NB-r13 ::=

SEQUENCE { 


carrierFreq-NB-r13


ARFCN-ValueEUTRA-r9,


carrierFreqOffset-NB-r13
INTEGER (0..19)


OPTIONAL 
-- Need ON

}

-- ASN1STOP

	CarrierFreq-NB-r13 field descriptions

	carrierFreq-NB-r13
This parameter specifies the central frequency for the carrier in terms on ARFCN.

	carrierFreqOffset-NB-r13
The frequency offset of the carrier relative to the central frequency is given as ((carrierFreqOffset-NB-r13 - 10) * 2 + 1) * 2.5) kHz for downlink, and ((carrierFreqOffset-NB-r13 - 10) * 2) * 2.5) kHz for uplink. If this optional parameter is omitted the UE shall apply a zero offset according to ‘Need ON’.


3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
Carrier-ConfigDedicated-NB-r13 with the preceding ASN.1 format is introduced in physicalConfigDedicated-NB to specify the UL and/or DL non-anchor carrier(s) structure.
Proposal 2
The non-anchor carrier frequency is configured in terms of eARFCN and an optional offset needed for guard-band/in-band operation according to the preceding ASN.1 format.
Proposal 3
The PCI of a non-anchor NB-IoT carrier is always the same as its associated anchor carrier.
Proposal 4
For NB-IoT DL non-anchor carrier configuration, the information outlined in preceding ASN.1 is provided to the UE in physicalConfigDedicated-NB.
Proposal 5
For NB-IoT UL non-anchor carrier configuration, the information outlined in preceding ASN.1 is provided to the UE.
Proposal 6
In case the parameter “servesAsAnAnchorForOthers” is set to “true” in the configuration to non-anchor carrier above for UL and/or DL, the UE shall assume the same available subframes as in its anchor carrier.
Proposal 7
In the anchor carrier, it is possible to optionally broadcast NB-IoT DL/UL non-anchor carrier configuration.
Proposal 8
Parameters provided to the UE in physicalConfigDedicated-NB override the non-anchor configuration parameters broadcasted in anchor carrier.
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5 Appendix

This section contains a proposed structure for the system information block containing the information about the LTE carrier in the case the non-anchor carrier is in-band.

SystemInformationBlockTypeX information element
-- ASN1START

SystemInformationBlockTypeX-r13 ::=
SEQUENCE {

 InbandNonAnchorCarrierInfo 

::=
SEQUENCE { 


offsetToLteMiddlePrb-NB-r13

INTEGER (-50..49) 




OPTIONAL, -- Cond samePCI


startSymbol-NB-r13



INTEGER (1..4)





OPTIONAL,


sameLtePCI-Indicator-NB-r13

BOOLEAN







OPTIONAL,


lteCrsPortsCount-NB-r13


ENUMERATED {an1, an2, an4, spare1}
OPTIONAL,


...

 }
}

-- ASN1STOP
	InbandNonAnchorCarrierInfo field descriptions

	offsetToLteMiddlePrb-NB-r13
This parameter gives the PRB index relative to the middle PRB in order for the UE to determine the legacy CRS. The sign of the PRB index is positive for PRBs higher in frequency than the central PRB and negative for PRBs lower in frequency. For an LTE carrier with an even number of PRBs the central six PRBs ({-3, 2}) are not valid as NB-IoT non-anchor carriers, and for odd numbers of PRBs the central seven PRBs ({-3, 3}) are not valid.

	startSymbol-NB-r13
This parameter specifies the PDCCH region of the LTE carrier.

	sameLtePCI-Indicator-NB-r13 
This parameter specifies whether the non-anchor carrier reuses the same PCI as the LTE carrier.

	lteCrsPortsCount-NB-r13
This parameter specifies the number of antenna ports used by the legacy carrier in the in-band case.


	Conditional presence
	Explanation

	samePCI
	The field is mandatory present if the sameLtePCI-Indicator-NB-r13 is present and set to TRUE. Otherwise the field is not present.
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