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1 Background
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] 

In this contribution the RAN2 impact is evaluated further.
2 Background

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)


Anchor/non-anchor combinations are already supported in standalone mode, provided that:

1. Both anchor and non-anchor carrier are in standalone mode

2. Both anchor and non-anchor carrier are synchronized

3. The total frequency span does not exceed 20MHz. 

Anchor/non-anchor combinations in and between inband and guardband are supported, provided that both anchor and non-anchor belong to the same LTE cell (which implies that conditions 2 and 3 above are met).

3 Discussion
Mobility impact

In idle mode the UE measures the NRSRP/NRSRQ on the anchor carrier, i.e. idle mode mobility is based on the anchor carrier. When the UE goes to connected mode, the eNB can optionally configure a non-anchor carrier for unicast traffic in MSG4 using RadioResourceConfigDedicated-NB-r13 IE. When a non-anchor carrier is configured, the UE can receive NB-PDCCH/NB-PDSCH and/or transmit NB-PUSCH on a non-anchor PRB (i.e. multi-carrier operation). Otherwise all traffic is send/received on the anchor carrier. When a non-anchor carrier is configured, the UE continues to receive NPSS, NSSS, and NPBCH on anchor carrier. The eNB indicates in MasterInformationBlock-NB the operation mode that is used in the cell, i.e. for the anchor carrier, with operationModeInfo-r13 IE (i.e. inband-SamePCI-r13, inband-DifferentPCI-r13, guardband-r13, or standalone-r13). 
With the introduction of the standalone enhancements it is assumed that similar restrictions apply as with the existing inband/guardband anchor/non-anchor combinations: 

Assumption 1: Standalone anchor with inband/guardband non-anchor and standalone non-anchor with inband/guardband anchor carrier are supported provided that the standalone and inband/guardband carrier are co-located (i.e. in the same eNB or in co-located eNB’s).

Assumption 2: Standalone anchor with inband/guardband non-anchor and standalone non-anchor with inband/guardband anchor carrier are supported provided that the standalone and inband/guardband carrier are synchronized.
Configuration signalling
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.
The anchor/non-anchor combinations, as indicated in Table 5.5a-1 in 36.300, are signalling wise already supported, i.e. the new standalone combinations do not introduce many new signalling requirements, except for samePCI-Indicator in case the non-anchor is in Inband. The samePCI-Indicator is currently conditionally present when the anchor is in Guardband. But with the Standalone enhancements it should also be possible to signal this indicator when the anchor is in Standalone:
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


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 in the MIB; otherwise it is not present.


Proposal 1: Introduce a samePCI-Indicator in REL-15 that can be used to configure a non-anchor carrier in Inband when the anchor carrier is in Standalone.

For reference it is noted that in RAN2#100 REL-14 ASN.1 changes were agreed that enable the NRS-CRS power offset in SIB1-NB to be signalled also when anchor carrier is in Guardband or Standalone [2].
In idle mode, a non-anchor carrier can be used for SC-PTM, Paging, or Random Access, provided that support is indicated in SystemInformationBlockType20-NB or SystemInformationBlockType22-NB:
Assumption 3: No signalling changes are needed to support anchor in standalone mode and non-anchor for SC-PTM/Paging/RA in inband or guardband (and vice versa) in idle mode.

UE capability signalling
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 4: There is no need to indicate UE capability for the Standalone enhancements in connected mode in MSG3.
To save bits in MSG3 it is proposed to only introduce IOT UE capability signaling for the for the Standalone enhancements in REL-15: 
Proposal 2: Introduce an IOT UE capability for the Standalone enhancements in connected mode in REL-15, which the UE shall set to TRUE after the UE has successfully IOT tested this feature.
The support for SC-PTM in Idle mode is an optional UE capability, without explicit UE capability signalling. The support for NPRACH on non-anchor (multiCarrier-NPRACH-r14) is indicated in UE capability signalling, and the support for Paging on non-anchor (multiCarrierPaging-r14) is indicated in the UE radio paging capability signalling (UE-RadioPagingInfo-NB IE). Both NPRACH and Paging are non-anchor are mandatory for REL-14 NB-IOT UE to support. 
Assumption 5: A REL-15 UE that indicates support for the Standalone enhancements in connected mode and NPRACH on non-anchor, shall also support NPRACH on non-anchor in standalone mode, and anchor in inband/guardband (and vice versa)
Assumption 6: A REL-15 UE that indicates support for the Standalone enhancements in connected mode and Paging on non-anchor, shall also support Paging on non-anchor in standalone mode, and anchor in inband/guardband (and vice versa)
There is no specification impact w.r.t. assumptions 5 and 6: when the UE indicates support of features A and B, the UE is also assumption to support the combination (if applicable) unless explicitly stated otherwise. 

Stage 2 impact

The stage 2 description in 36.300 of the supported anchor/non-anchor combinations needs to be updated:
Proposal 3: The supported anchor/non-anchor combinations with standalone mode in REL-15 are captured in 36.300.
Draft CRs to 36.300, 36.306 and 36.331 are provided for information [3-5]. 
4 Summary

RAN2 to discuss the impact of standalone enhancements in RAN2: 
Assumption 1: Standalone anchor with inband/guardband non-anchor and standalone non-anchor with inband/guardband anchor carrier are supported provided that the standalone and inband/guardband carrier are co-located (i.e. in the same eNB or in co-located eNB’s).

Assumption 2: Standalone anchor with inband/guardband non-anchor and standalone non-anchor with inband/guardband anchor carrier are supported provided that the standalone and inband/guardband carrier are synchronized.

Assumption 3: No signalling changes are needed to support anchor in standalone mode and non-anchor for SC-PTM/Paging/RA in inband or guardband (and vice versa) in idle mode.

Assumption 4: There is no need to indicate UE capability for the Standalone enhancements in connected mode in MSG3.
Assumption 5: A REL-15 UE that indicates support for the Standalone enhancements in connected mode and NPRACH on non-anchor, shall also support NPRACH on non-anchor in standalone mode, and anchor in inband/guardband (and vice versa)

Assumption 6: A REL-15 UE that indicates support for the Standalone enhancements in connected mode and Paging on non-anchor, shall also support Paging on non-anchor in standalone mode, and anchor in inband/guardband (and vice versa)
Proposal 1: Introduce a samePCI-Indicator in REL-15 that can be used to configure a non-anchor carrier in Inband when the anchor carrier is in Standalone.

Proposal 2: Introduce an IOT UE capability for the Standalone enhancements in connected mode in REL-15, which the UE shall set to TRUE after the UE has successfully IOT tested this feature.

Proposal 3: The supported anchor/non-anchor combinations with standalone mode in REL-15 are captured in 36.300.
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