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1 Introduction
One of the REL-15 NB-IoT enhancements objectives, which start in 2018, is [1]:

Enhancements to standalone operation mode

· Signalling and requirements to support (a) standalone anchor with in-band/guard-band non-anchor and (b) standalone non-anchor with in-band/guard-band anchor carrier, without increasing the 20 MHz separation from Rel-13 [RAN2, RAN4] 

This topic was not discussed online during RAN2#101 [2-7], but an email discussion until next RAN2 meeting was agreed:

[101#55][LTE/MTC R15] Enhancements to standalone Operation (Huawei)

· Email discussion, next meeting (NB-IoT R15): Enhancements to standalone Operation, arrive at agreeable proposals from Meeting Input (Huawei)

· Intended outcome: Report of email discussion

· Deadline:  Thursday 2018-03-29

The report from the email discussion can be found here [8]. In this contribution the open issues are discussed further.
2 Discussion
Supported anchor/non-anchor combinations
The supported anchor/non-anchor combinations are captured in 36.300 Table 5.5a-1:

	
	Anchor Carrier

	
	
	In-band
	Guard-band
	Standalone

	Non-Anchor Carrier
	In-band
	Valid (Note 1)
	Valid (Note 1)
	Invalid

	
	Guard-band
	Valid (Note 1)
	Valid (Note 1)
	Invalid

	
	Standalone
	Invalid
	Invalid
	Valid (Note 2)


NOTE 1:
Both carriers associated with the same LTE cell.

NOTE 2:
Total frequency span to not exceed 20MHz and both anchor and non-anchor carriers synchronised.

In our view the new anchor/non-anchor combinations in Standalone mode also require that both anchor and non-anchor carriers are synchronised. The WID objective already stated that the 20 MHz separation from Rel-13 shall be kept: 
Proposal 1: The supported anchor/non-anchor combinations with standalone mode in REL-15 are captured in Table 5.5a-1 in 36.300 and NOTE 2 is added to the new standalone combinations.
Standalone combinations in connected mode
In connected mode, a non-anchor carrier for unicast traffic (i.e. multicarrier) can be configured with physicalConfigDedicated-r13 IE in RadioResourceConfigDedicated-NB-r13 IE in RRCConnectionReconfiguration-NB, RRCConnectionReestablishment-NB, RRCConnectionResume-NB, and RRCConnectionSetup-NB message. However the samePCI-Indicator can only be signalled when the anchor carrier is in guardband due to a conditional statement:
DL-CarrierConfigDedicated-NB-r13 ::=
SEQUENCE {

…

inbandCarrierInfo-r13




SEQUENCE {



samePCI-Indicator-r13




CHOICE
{




samePCI-r13







SEQUENCE {





indexToMidPRB-r13





INTEGER (-55..54)




},




differentPCI-r13





SEQUENCE {





eutra-NumCRS-Ports-r13




ENUMERATED {same, four}




}



} 






OPTIONAL,

-- Cond anchor-guardband-or-standalone


eutraControlRegionSize-r13



ENUMERATED {n1, n2, n3}



}







OPTIONAL,

-- Cond non-anchor-inband
…
	Conditional presence
	Explanation

	anchor-guardband
	The field is mandatory present if operationModeInfo is set to guardband or standalone in the MIB; otherwise it is not present.


With the Standalone enhancements it should also be possible to signal the same PCI indicator when the anchor is in Standalone. The eNB knows the UE capability after MSG3, i.e. it is possible to change the conditional statement in a backwards compatible way, i.e. the eNB only configures same PCI indicator when the anchor carrier is in Standalone, and the UE has indicated support of the REL-15 Standalone enhancements: 
Proposal 2: Add Standalone mode to the conditional statement of the samePCI-Indicator in REL-15.

It is noted that currently the samePCI-Indicator can only be signaled when the anchor is in guardband. It is however possible that the anchor carrier is in Inband in one LTE cell, while the non-anchor carriers is also in Inband, but in a different LTE cell (within 20 Mhz range). This case is currently not supported in the legacy signalling, but could be easily included in this REL-15 change in our understanding:
Proposal 3: RAN2 to discuss if samePCI-Indicator can be signaled when anchor carrier is in Inband in REL-15.
Standalone combinations in Idle mode

The DL-CarrierConfigCommon-NB-r14, used in SIB20-NB (SC-PTM) and SIB22-NB (NPRACH/Paging on non-anchor) includes samePCI-Indicator-r14, with conditional statement that limits the use to anchor in guardband: 
DL-CarrierConfigCommon-NB-r14 ::=
SEQUENCE {

…

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


eutraControlRegionSize-r14


ENUMERATED {n1, n2, n3}



}
OPTIONAL,

-- Cond non-anchor-inband

…
}
	Conditional presence
	Explanation

	anchor-guardband
	The field is mandatory present, if operationModeInfo is set to guardband in the MIB; otherwise it is not present.


SC-PTM:
SystemInformationBlockType20-NB-r14 ::=
SEQUENCE {


npdcch-SC-MCCH-Config-r14



NPDCCH-SC-MCCH-Config-NB-r14,


sc-mcch-CarrierConfig-r14



CHOICE {



dl-CarrierConfig-r14




DL-CarrierConfigCommon-NB-r14,



dl-CarrierIndex-r14





INTEGER (0.. maxNonAnchorCarriers-NB-r14)


},
…

maxNonAnchorCarriers-NB-r14
INTEGER ::= 15
-- Maximum number of non-anchor carriers for NB-IoT
SC-MCCH-MessageType-NB ::= CHOICE {


c1





CHOICE {



scptmConfiguration-r14





SCPTMConfiguration-NB-r14

},


messageClassExtension
SEQUENCE {}

}

SCPTMConfiguration-NB-r14 ::=
SEQUENCE {


sc-mtch-InfoList-r14


SC-MTCH-InfoList-NB-r14,


scptm-NeighbourCellList-r14

SCPTM-NeighbourCellList-NB-r14

OPTIONAL,
-- Need OP


lateNonCriticalExtension

OCTET STRING





OPTIONAL,


nonCriticalExtension


SEQUENCE {}






OPTIONAL

}

SC-MTCH-InfoList-NB-r14 ::=


SEQUENCE (SIZE (0.. maxSC-MTCH-NB-r14)) OF SC-MTCH-Info-NB-r14
maxSC-MTCH-NB-r14

INTEGER ::= 64
-- Maximum number of SC-MTCHs in one cell for NB-IoT
SC-MTCH-Info-NB-r14 ::= 



SEQUENCE
{


sc-mtch-CarrierConfig-r14


CHOICE {



dl-CarrierConfig-r14




DL-CarrierConfigCommon-NB-r14,



dl-CarrierIndex-r14




INTEGER (0.. maxNonAnchorCarriers-NB-r14)


},
NPRACH/Paging on non-anchor:

SystemInformationBlockType22-NB-r14 ::=
SEQUENCE {


dl-ConfigList-r14  




DL-ConfigCommonList-NB-r14
 OPTIONAL,
-- Need OR


ul-ConfigList-r14  




UL-ConfigCommonList-NB-r14
 OPTIONAL,
-- Need OR

…
}

DL-ConfigCommonList-NB-r14 ::=
 
SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF 












DL-ConfigCommon-NB-r14 

UL-ConfigCommonList-NB-r14 ::=

SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF












UL-ConfigCommon-NB-r14

DL-ConfigCommon-NB-r14 ::=


SEQUENCE {


dl-CarrierConfig-r14



DL-CarrierConfigCommon-NB-r14,


pcch-Config-r14  




PCCH-Config-NB-r14


OPTIONAL, -- Need OR


...

}
UL-ConfigCommon-NB-r14 ::=


SEQUENCE {


ul-CarrierFreq-r14




CarrierFreq-NB-r13,


nprach-ParametersList-r14  


NPRACH-ParametersList-NB-r14
OPTIONAL, -- Need OR


...

}

In our view it would be beneficial to be able to offload “traffic”, such as SC-MTC, NPRACH and Paging on the non-anchor carriers in inband/guardband and anchor carrier in standalone (and vice versa). However we think there is limited time to discuss optimization, i.e. the general principle should be that REL-15 UE see more options compared to legacy UE, but the same “distribution” principles are applied. 

SC-PTM
In case there are SC-PTM services that can be received by REL-15 UEs only, then it might be beneficial to support SC-MTCH on the new REL-15 combinations for offloading. For example when the anchor carrier is in standalone, then it migh be beneficial to configure SC-MTCH channels in inband/guardband for SC-PTM services that can be received by REL-15 UEs only: 
Proposal 4: Introduce REL-15 sc-mtch-InfoList that configures SC-MTCH in inband/guardband when SC-MCCH is in standalone (and vice versa). A REL-15 UE supporting this enhancement receives this REL-15 SC-MTCH list to determine if it wants to receive any SC-PTM service on these SC-MTCH channels. 
Paging on non-anchor carrier
New REL-15 DL carrier configuration lists can be introduced to carry the new combinations for paging. It is proposed that dependent on an indicator in system information, the REL-15 UE selects a non-anchor carrier for paging on the concatenated list of REL-14 and REL-15, or only considers the REL-15 list: 
Proposal 5: Introduce REL-15 dl-ConfigList in SIB22-NB that enables to configure a list of non-anchor carriers in inband/guardband that is used to receive paging, while anchor is in standalone (and vice versa). A REL-15 UE supporting this enhancement concatenates the REL-14 and REL-15 list to determine on which non-anchor to receive paging or only uses the REL-15 list, dependent on an indicator in system information. 
NPRACH on non-anchor

New REL-15 DL carrier configuration lists can be introduced to carry the new combinations for paging. It is proposed that dependent on an indicator in system information, the REL-15 UE selects a non-anchor carrier for paging on the concatenated list of REL-14 and REL-15, or only considers the REL-15 list:

Proposal 6: Introduce REL-15 ul-ConfigList in SIB22-NB that enables to configure a list of non-anchor carriers in inband/guardband that is used for NPRACH, while anchor is in standalone (and vice versa). A REL-15 UE supporting this enhancement concatenates the REL-14 and REL-15 list to determine on which non-anchor to receive paging or only uses the REL-15 list, dependent on an indicator in system information.
UE capability signalling

Unicast

The UE indicates support for multi-carrier operation, i.e. non-anchor support, in MSG3 with multiCarrierSupport. When the UE has indicated multicarrier support in MSG3 the eNB can configure a non-anchor carrier in connected mode, according to the combinations indicated in Table 5.5a-1 in 36.300. 

The UE also indicates multi-carrier support in UE capability signaling, i.e. there is an IOT UE capability multiCarrierSupport IE that the UE shall set to true after the UE has successfully IOT tested multi-carrier operation.
In REL-14 the Retrieve UE Information function on S1 interface was introduced, which enables the eNB to fetch the UE capabilities from the MME after MSG3. With UP solution the eNB can fetch the UE context also after MSG3:
Assumption 1: There is no need to indicate UE capability for the Standalone enhancements in connected mode in MSG3.
Proposal 7: RAN2 to discuss whether the unicast support of the REL-15 standalone enhancements is an essential feature, i.e. whether unicast support should be mandatory with IOT bit in UE capability signalling.
Paging

Paging support on non-anchor is indicated with UE capability multiCarrierPaging-r14 in UE-RadioPagingInfo-NB. NPRACN on non-anchor is indicated with multiCarrier-NPRACH-r14 in UE-Capability-NB.
Support for Paging on non-anchor (multiCarrierPaging-r14) is indicated in the UE radio paging capability signalling (UE-RadioPagingInfo-NB IE).
Proposal 8: Paging support on non-anchor in inband/guardband and anchor in standalone is an optional feature signaled in UE-RadioPagingInfo-NB.
NPRACH

The support for NPRACH on non-anchor (multiCarrier-NPRACH-r14) is indicated in UE capability signalling:

Proposal 9: NPRACH support on non-anchor in inband/guardband and anchor in standalone is an optional feature signaled in UE-Capability-NB.
SC-PTM

The support for SC-PTM in Idle mode is an optional UE capability, without explicit UE capability signalling. 
Proposal 10: SC-PTM support with SC-MTCH in inband/guardband with SC-MCCH in standalone is an optional feature without UE capability signaling. 

OTDOA
The UE indicates the OTDOA capabilities to the location server via LPP signaling in IE OTDOA-ProvideCapabilities:
Proposal 11: For NPRS configuration in inband/guardband and anchor in standalone no new LPP capability signaling is needed, i.e. this is already supported in REL-14 indicated with OTDOA-ProvideCapabilities. 
Draft CRs to 36.300, 36.306 and 36.331 are provided for information [9-11]. 
3 Summary

RAN2 is kindly asked to discuss the REL-15 standalone enhancements: 

Proposal 1: The supported anchor/non-anchor combinations with standalone mode in REL-15 are captured in Table 5.5a-1 in 36.300 and NOTE 2 is added to the new standalone combinations.
Proposal 2: Add Standalone mode to the conditional statement of the samePCI-Indicator in REL-15.

Proposal 3: RAN2 to discuss if samePCI-Indicator can be signaled when anchor carrier is in Inband in REL-15.

Proposal 4: Introduce REL-15 sc-mtch-InfoList that configures SC-MTCH in inband/guardband when SC-MCCH is in standalone (and vice versa). A REL-15 UE supporting this enhancement receives this REL-15 SC-MTCH list to determine if it wants to receive any SC-PTM service on these SC-MTCH channels. 

Proposal 5: Introduce REL-15 dl-ConfigList in SIB22-NB that enables to configure a list of non-anchor carriers in inband/guardband that is used to receive paging, while anchor is in standalone (and vice versa). A REL-15 UE supporting this enhancement concatenates the REL-14 and REL-15 list to determine on which non-anchor to receive paging or only uses the REL-15 list, dependent on an indicator in system information. 

Proposal 6: Introduce REL-15 ul-ConfigList in SIB22-NB that enables to configure a list of non-anchor carriers in inband/guardband that is used for NPRACH, while anchor is in standalone (and vice versa). A REL-15 UE supporting this enhancement concatenates the REL-14 and REL-15 list to determine on which non-anchor to receive paging or only uses the REL-15 list, dependent on an indicator in system information.

Proposal 7: RAN2 to discuss whether the unicast support of the REL-15 standalone enhancements is an essential feature, i.e. whether unicast support should be mandatory with IOT bit in UE capability signalling.
Proposal 8: Paging support on non-anchor in inband/guardband and anchor in standalone is an optional feature signaled in UE-RadioPagingInfo-NB.

Proposal 9: NPRACH support on non-anchor in inband/guardband and anchor in standalone is an optional feature signaled in UE-Capability-NB.
Proposal 10: SC-PTM support with SC-MTCH in inband/guardband with SC-MCCH in standalone is an optional feature without UE capability signaling. 

Proposal 11: For NPRS configuration in inband/guardband and anchor in standalone no new LPP capability signaling is needed, i.e. this is already supported in REL-14 indicated with OTDOA-ProvideCapabilities. 
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