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1 Introduction
This document focuses on carrier configuration for PUR in NB-IoT.
2 Discussion
In the current specification for NB-IoT, the carrier configuration for PUR is specified as following:

PUR-Config-NB information element
-- ASN1START

PUR-Config-NB-r16
::=



SEQUENCE {


pur-ConfigID-r16




PUR-ConfigID-NB-r16



OPTIONAL,
--Need OR


pur-TimeAlignmentTimer-r16


INTEGER (1..8)



OPTIONAL,
--Need OR


pur-NRSRP-ChangeThreshold-r16

SetupRelease {PUR-NRSRP-ChangeThreshold-r16}



















OPTIONAL,
--Need ON


pur-ImplicitReleaseAfter-r16

ENUMERATED {n2, n4, n8, spare}
OPTIONAL,
--Need OR


pur-RNTI-r16





C-RNTI






OPTIONAL,
--Need ON


pur-ResponseWindowTimer-r16


ENUMERATED {pp1, pp2, pp3, pp4, pp8, pp16, pp32, pp64}



















OPTIONAL,
--Need ON


pur-StartTimeParameters-r16


SEQUENCE {



periodicityAndOffset-r16


PUR-PeriodicityAndOffset-NB-r16,



startSFN-r16





INTEGER (0..1023),



startSubframe-r16




INTEGER (0..9),



hsfn-LSB-Info-r16




BIT STRING (SIZE(1))


}
















OPTIONAL,
--Need ON


pur-NumOccasions-r16



ENUMERATED {one, infinite},


pur-PhysicalConfig-r16



SEQUENCE {



dl-CarrierConfig-r16



DL-CarrierConfigCommon-NB-r14,


ul-CarrierFreq-r16




CarrierFreq-NB-r13,


npusch-NumRUsIndex-r16



INTEGER (0..7),



npusch-NumRepetitionsIndex-r16

INTEGER (0..7),



npusch-SubCarrierSetIndex-r16

CHOICE {




khz15







INTEGER (0..18),




khz3dot75






INTEGER (0..47)



},



npusch-MCS-r16





CHOICE {




singleTone






INTEGER (0..10),




multiTone






INTEGER (0..13)



},



p0-UE-NPUSCH-r16




INTEGER (-8..7),



alpha-r16






ENUMERATED {al0, al04, al05, al06,















al07, al08, al09, al1},



npusch-CyclicShift-r16



ENUMERATED {n0, n6},



npdcch-Config-r16




NPDCCH-ConfigDedicated-NB-r13


}
OPTIONAL,
-- Need ON


...

}

IE DL-CarrierConfigCommon-NB-r14 is used for the downlink carrier configuration for PUR. However, IE DL-CarrierConfigCommon-NB-r14 was defined for the configuration of a DL carrier in system information and thus only to specify the configuration for a DL non-anchor carrier.

	–
DL-CarrierConfigCommon-NB
The IE DL-CarrierConfigCommon-NB is used to specify the common configuration of a DL non-anchor carrier in NB-IoT.

DL-CarrierConfigCommon-NB information elements

-- ASN1START

DL-CarrierConfigCommon-NB-r14 ::=
SEQUENCE {


dl-CarrierFreq-r14




CarrierFreq-NB-r13,


downlinkBitmapNonAnchor-r14


CHOICE {



useNoBitmap-r14





NULL,



useAnchorBitmap-r14




NULL,



explicitBitmapConfiguration-r14

DL-Bitmap-NB-r13


},


dl-GapNonAnchor-r14




CHOICE {



useNoGap-r14





NULL,



useAnchorGapConfig-r14



NULL,



explicitGapConfiguration-r14

DL-GapConfig-NB-r13


},



inbandCarrierInfo-r14



SEQUENCE {



samePCI-Indicator-r14



CHOICE
{




samePCI-r14






SEQUENCE {





indexToMidPRB-r14




INTEGER (-55..54)




},




differentPCI-r14




SEQUENCE {





eutra-NumCRS-Ports-r14



ENUMERATED {same, four}




}



}
OPTIONAL,

-- Cond anchor-guardband-or-standalone



eutraControlRegionSize-r14


ENUMERATED {n1, n2, n3}



}
OPTIONAL,

-- Cond non-anchor-inband


nrs-PowerOffsetNonAnchor-r14

ENUMERATED {dB-12, dB-10, dB-8, dB-6,














dB-4, dB-2, dB0, dB3}
DEFAULT dB0,


...,


[[
dl-GapNonAnchor-v1530


DL-GapConfig-NB-v1530
OPTIONAL
-- Cond TDD


]],


[[
dl-CarrierFreq-v1550


CarrierFreq-NB-v1550
OPTIONAL
-- Cond TDD


]]

}

-- ASN1STOP

DL-CarrierConfigCommon-NB field descriptions
dl-CarrierFreq

DL carrier frequency. The downlink carrier is not in a E-UTRA PRB which contains E-UTRA PSS/SSS/PBCH.
dl-GapNonAnchor

Downlink transmission gap configuration for the non-anchor carrier, see TS 36.211 [21], clause 10.2.3.4.

E-UTRAN may configure dl-GapNonAnchor-v1530 only if dl-GapNonAnchor-r14 is set to explicitGapConfiguration.

downlinkBitmapNonAnchor

For FDD: NB-IoT downlink subframe configuration for downlink transmission on the non-anchor carrier. See TS 36.213 [23], clause 16.4.
For TDD: NB-IoT downlink, uplink and special subframes configuration for transmission on the anchor/ non-anchor carrier. See TS 36.213 [23], clause 16.4.

……



According to the discussion on PUR in NB-IoT, there is no motivation to restrict the use of PUR on non-anchor carrier only. 
Observation 1: PUR can be configured on both anchor and non-anchor DL carrier.
As PUR configuration is UE specific, IE CarrierConfigDedicated-NB should have been used to provide the configuration. 

Observation 2: IE CarrierConfigDedicated-NB should have been used to provide the PUR configuration.

The parameters included in IE DL-CarrierConfigCommon-NB-r14 and IE CarrierConfigDedicated-NB are identical, the only difference is that IE DL-CarrierConfigCommon-NB-r14 allows delta reconfiguration of downlinkBitmapNonAnchor and dl-GapNonAnchor. Thus there is no functional issue in using one or the other in PUR configuration. 

Thus there are three options to correct the specification:

Option 1: Clarify in the field description of dl-CarrierConfig-r16 for PUR that the DL carrier can also be the anchor carrier
Text proposal for Option 1:
	PUR-Config-NB field descriptions

	alpha

Parameter: αc(3). See TS 36.213 [23], clause 16.2.1.1.1.

	dl-CarrierConfig

Downlink carrier used for PUR, which can be either anchor or non-anchor downlink carrier.

	hsfn-LSB-Info

LSB of the H-SFN corresponding to the last subframe of the first transmission of RRCConnectionRelease message containing pur-Config.


Option 2: Dummy pur-PhysicalConfig-r16 and reintroduce it as a non-critical extension referring to IE CarrierConfigDedicated-NB

Text proposal for Option 2:
PUR-Config-NB information element
-- ASN1START

PUR-Config-NB-r16
::=



SEQUENCE {


pur-ConfigID-r16




PUR-ConfigID-NB-r16



OPTIONAL,
--Need OR


pur-TimeAlignmentTimer-r16


INTEGER (1..8)



OPTIONAL,
--Need OR


pur-NRSRP-ChangeThreshold-r16

SetupRelease {PUR-NRSRP-ChangeThreshold-r16}



















OPTIONAL,
--Need ON


pur-ImplicitReleaseAfter-r16

ENUMERATED {n2, n4, n8, spare}
OPTIONAL,
--Need OR


pur-RNTI-r16





C-RNTI






OPTIONAL,
--Need ON


pur-ResponseWindowTimer-r16


ENUMERATED {pp1, pp2, pp3, pp4, pp8, pp16, pp32, pp64}



















OPTIONAL,
--Need ON


pur-StartTimeParameters-r16


SEQUENCE {



periodicityAndOffset-r16


PUR-PeriodicityAndOffset-NB-r16,



startSFN-r16





INTEGER (0..1023),



startSubframe-r16




INTEGER (0..9),



hsfn-LSB-Info-r16




BIT STRING (SIZE(1))


}
















OPTIONAL,
--Need ON


pur-NumOccasions-r16



ENUMERATED {one, infinite},


dummy







SEQUENCE {



dl-CarrierConfig-r16



DL-CarrierConfigCommon-NB-r14,



ul-CarrierFreq-r16




CarrierFreq-NB-r13,



npusch-NumRUsIndex-r16



INTEGER (0..7),



npusch-NumRepetitionsIndex-r16

INTEGER (0..7),



npusch-SubCarrierSetIndex-r16

CHOICE {




khz15







INTEGER (0..18),




khz3dot75






INTEGER (0..47)



},



npusch-MCS-r16





CHOICE {




singleTone






INTEGER (0..10),




multiTone






INTEGER (0..13)



},



p0-UE-NPUSCH-r16




INTEGER (-8..7),



alpha-r16






ENUMERATED {al0, al04, al05, al06,















al07, al08, al09, al1},



npusch-CyclicShift-r16



ENUMERATED {n0, n6},



npdcch-Config-r16




NPDCCH-ConfigDedicated-NB-r13


}
OPTIONAL,
-- Need ON


...,


[[



pur-PhysicalConfig-r16


SEQUENCE {




carrierConfig-r16




CarrierConfigDedicated-NB-r13



npusch-NumRUsIndex-r16



INTEGER (0..7),




npusch-NumRepetitionsIndex-r16

INTEGER (0..7),




npusch-SubCarrierSetIndex-r16

CHOICE {





khz15







INTEGER (0..18),





khz3dot75






INTEGER (0..47)




},




npusch-MCS-r16





CHOICE {





singleTone






INTEGER (0..10),





multiTone






INTEGER (0..13)




},




p0-UE-NPUSCH-r16




INTEGER (-8..7),




alpha-r16






ENUMERATED {al0, al04, al05, al06,
















al07, al08, al09, al1},




npusch-CyclicShift-r16



ENUMERATED {n0, n6},




npdcch-Config-r16




NPDCCH-ConfigDedicated-NB-r13



}
OPTIONAL,

-- Need ON

]]
}

NRSRP-ChangeThresh-NB-r16 ::= ENUMERATED {dB4, dB6, dB8, dB10, dB14, dB18, dB22, dB26, dB30, dB34, spare6, spare5, spare4, spare3, spare2, spare1}

PUR-NRSRP-ChangeThreshold-r16 ::=
SEQUENCE {


increaseThresh-r16





NRSRP-ChangeThresh-NB-r16,


decreaseThresh-r16





NRSRP-ChangeThresh-NB-r16
OPTIONAL
--Need OP

}

-- ASN1STOP

	PUR-Config-NB field descriptions

	alpha

Parameter: αc(3). See TS 36.213 [23], clause 16.2.1.1.1.

	carrierConfig

Carrier used for PUR.

	dummy

This field is not used in the specification. If received it shall be ignored by the UE.

	hsfn-LSB-Info

LSB of the H-SFN corresponding to the last subframe of the first transmission of RRCConnectionRelease message containing pur-Config.

	npdcch-Config

NPDCCH configuration for PUR.

	npusch-CyclicShift

Parameter: [image: image2.png]


. See TS 36.211 [21], clause 10.1.4.1.2. Value n0 corresponds to value 0 and value n6 corresponds to value 6.

	npusch-MCS

Index to tables specified in TS 36.213 [23], Table 16.5.1.2-1 and Table 16.5.1.2-2 for single tone and multi tone respectively, that defines modulation and TBS index for NPUSCH for PUR.

	npusch-NumRepetitionsIndex

Index to a table specified in TS 36.213 [23], Table 16.5.1.1-3, that defines number of repetitions for NPUSCH for PUR.

	npusch-NumRUsIndex

Index to a table specified in TS 36.213 [23], Table 16.5.1.1-2, that defines number of resource units for NPUSCH for PUR.

	npusch-SubCarrierSetIndex

For NPUSCH transmission with subcarrier spacing 3.75 kHz, indicates the subcarrier used for PUR specified in TS 36.213 [23].

For NPUSCH transmission with subcarrier spacing 15 kHz, index to a table specified in TS 36.213 [23], Table 16.5.1.1-1, that defines the set of subcarriers for NPUSCH for PUR.

	p0-UE-NPUSCH

Parameter: 
[image: image3.emf] 

( 3 )  

O_UE_NPUSCH,c  

P  

. See TS 36.213 [23], clause 16.2.1.1.1, unit dB. 

	pur-ImplicitReleaseAfter

Number of consecutive PUR occasions that can be skipped before implicit release of PUR configuration. Value n2 corresponds to 2 PUR occasions, value n4 corresponds to 4 PUR occasions, and so on.

	pur-NRSRP-ChangeThreshold

Threshold(s) of change in serving cell NRSRP in dB for TA validation. Value dB4 corresponds to 4 dB, value dB6 corresponds to 6 dB, and so on. When pur-NRSRP-ChangeThreshold is set to setup, if decreaseThrsh is absent the value of increaseThresh is also used for decreaseThresh.

	pur-NumOccasions

Number of PUR occasions. Value one corresponds to 1 PUR occasion, and value infinite corresponds to an infinite number of PUR occasions.

	pur-PeriodicityAndOffset

Indicates the periodicity for the PUR occasions and time offset until the first PUR occasion.

	pur-ResponseWindowTimer

Duration of the PUR response window in TS 36.321 [6]. Value in PDCCH periods. Value pp2 corresponds to 2 PDDCH periods, pp3 corresponds to 3 PDCCH periods, and so on.

The value considered by the UE is: pur-ResponseWindowSize = Min (signaled value x PDCCH period, 10.24s).

	pur-TimeAlignmentTimer

Value of the time alignment timer for PUR. Value in number of periodicity of PUR.

	



Option 3: Correct the pur-PhysicalConfig-r16 to refer to IE DL-CarrierConfigDedicated-NB-r13
Text proposal for Option 3:

PUR-Config-NB information element
-- ASN1START

PUR-Config-NB-r16
::=



SEQUENCE {


pur-ConfigID-r16




PUR-ConfigID-NB-r16



OPTIONAL,
--Need OR


pur-TimeAlignmentTimer-r16


INTEGER (1..8)



OPTIONAL,
--Need OR


pur-NRSRP-ChangeThreshold-r16

SetupRelease {PUR-NRSRP-ChangeThreshold-r16}



















OPTIONAL,
--Need ON


pur-ImplicitReleaseAfter-r16

ENUMERATED {n2, n4, n8, spare}
OPTIONAL,
--Need OR


pur-RNTI-r16





C-RNTI






OPTIONAL,
--Need ON


pur-ResponseWindowTimer-r16


ENUMERATED {pp1, pp2, pp3, pp4, pp8, pp16, pp32, pp64}



















OPTIONAL,
--Need ON


pur-StartTimeParameters-r16


SEQUENCE {



periodicityAndOffset-r16


PUR-PeriodicityAndOffset-NB-r16,



startSFN-r16





INTEGER (0..1023),



startSubframe-r16




INTEGER (0..9),



hsfn-LSB-Info-r16




BIT STRING (SIZE(1))


}
















OPTIONAL,
--Need ON


pur-NumOccasions-r16



ENUMERATED {one, infinite},


pur-PhysicalConfig-r16



SEQUENCE {



dl-CarrierConfig-r16



DL-CarrierConfigDedicated-NB-r13,



ul-CarrierFreq-r16




CarrierFreq-NB-r13,



npusch-NumRUsIndex-r16



INTEGER (0..7),



npusch-NumRepetitionsIndex-r16

INTEGER (0..7),



npusch-SubCarrierSetIndex-r16

CHOICE {




khz15







INTEGER (0..18),




khz3dot75






INTEGER (0..47)



},



npusch-MCS-r16





CHOICE {




singleTone






INTEGER (0..10),




multiTone






INTEGER (0..13)



},



p0-UE-NPUSCH-r16




INTEGER (-8..7),



alpha-r16






ENUMERATED {al0, al04, al05, al06,















al07, al08, al09, al1},



npusch-CyclicShift-r16



ENUMERATED {n0, n6},



npdcch-Config-r16




NPDCCH-ConfigDedicated-NB-r13


}
OPTIONAL,
-- Need ON


...,
}

NRSRP-ChangeThresh-NB-r16 ::= ENUMERATED {dB4, dB6, dB8, dB10, dB14, dB18, dB22, dB26, dB30, dB34, spare6, spare5, spare4, spare3, spare2, spare1}

PUR-NRSRP-ChangeThreshold-r16 ::=
SEQUENCE {


increaseThresh-r16





NRSRP-ChangeThresh-NB-r16,


decreaseThresh-r16





NRSRP-ChangeThresh-NB-r16
OPTIONAL
--Need OP

}

-- ASN1STOP

Option1 has minimum specification impact, but it may create maintenance issue in the future if either IE is updated.

Option 2 has more impact on the current specification, introduce 3 bytes signalling overhead due to the extension marker and it is not backward compatible functionally. However it is safer from forward compatibility perspective. 
Option 3 has limited impact on the current specification. However it is not backward compatible ASN.1 wise which is not desirable.
Proposal: RAN2 to decide which option to go for to correct the specification.

Note that it is our understanding than RAN1 may send a LS asking RAN2 to introduce a missing parameter, groupHoppingDisabled, in PUR-Config-NB, in which case the 3 bytes signalling overhead due to the extension marker will be there anyway.
3 Conclusion

This document focuses on carrier configuration for PUR in NB-IoT. Corresponding observations and proposal are listed as follows:
Observation 1: PUR can be configured on both anchor and non-anchor DL carrier.
Observation 2: IE CarrierConfigDedicated-NB should have been used to provide the PUR configuration.

Proposal: RAN2 to decide which option to go for to correct the specification.
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