Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG2 #104	R2-1817559
Spokane, USA, 12th – 16th November 2018

Agenda Item:	9.13.8
Source:	Ericsson
[bookmark: _GoBack]Title:	Clarification on non-anchor carrier offset for TDD NB-IoT standalone mode
Document for:	Discussion, Decision

1	Introduction
NB-IoT support for TDD mode has been introduced in Release 15. Compared to FDD NB-IoT, TDD relies much more on multiple carrier operation, due to limited downlink and uplink resource on anchor carriers. In TDD, SIB1-NB and/or SI messages, which are always transmitted on anchor carriers in FDD, can be transmitted on either anchor or non-anchor carrier. In case SIB1-NB and/or SI messages are transmitted on a non-anchor carrier, for UEs to be able to decode SIB1-NB and SI message in initial cell access, the frequency and the scheduling of the SIB1-NB/SI non-anchor carrier needs to be indicated in MIB-TDD-NB.
The ASN.1 below is the MIB-TDD-NB defined in Rel-15.
-- ASN1START

MasterInformationBlock-TDD-NB-r15 ::=	SEQUENCE {
	systemFrameNumber-MSB-r15				BIT STRING (SIZE (4)),
	hyperSFN-LSB-r15						BIT STRING (SIZE (2)),
	schedulingInfoSIB1-r15					INTEGER (0..15),
	systemInfoValueTag-r15					INTEGER (0..31),
	ab-Enabled-r15							BOOLEAN,
	operationModeInfo-r15				CHOICE {
		inband-SamePCI-r15					Inband-SamePCI-TDD-NB-r15,
		inband-DifferentPCI-r15				Inband-DifferentPCI-TDD-NB-r15,
		guardband-r15						GuardbandTDD-NB-r15,
		standalone-r15						StandaloneTDD-NB-r15
	},
	sib1-CarrierInfo-r15					ENUMERATED {anchor, non-anchor},
	spare									BIT STRING (SIZE (9))
}

GuardbandTDD-NB-r15 ::=				SEQUENCE {
	rasterOffset-r15					ChannelRasterOffset-NB-r13,
	sib-GuardbandInfo-r15				CHOICE { 
		sib-GuardbandAnchor-r15				SIB-GuardbandAnchorTDD-NB-r15,
		sib-GuardbandGuardband-r15			SIB-GuardbandGuardbandTDD-NB-r15,
		sib-GuardbandInbandSamePCI-r15		SIB-GuardbandInbandSamePCI-TDD-NB-r15,
		sib-GuardbandinbandDiffPCI-r15		SIB-GuardbandInbandDiffPCI-TDD-NB-r15
	},	
	eutra-Bandwitdh-r15					ENUMERATED {bw5or10, bw15or20}
}

Inband-SamePCI-TDD-NB-r15 ::=		SEQUENCE {
	eutra-CRS-SequenceInfo-r15			INTEGER (0..31),
	sib-InbandLocation-r15				ENUMERATED {lower, higher}
}

Inband-DifferentPCI-TDD-NB-r15 ::=		SEQUENCE {
	eutra-NumCRS-Ports-r15					ENUMERATED {same, four},
	rasterOffset-r15						ChannelRasterOffset-NB-r13,
	sib-InbandLocation-r15					ENUMERATED {lower, higher},
	spare									BIT STRING (SIZE (2))
}

StandaloneTDD-NB-r15 ::=				SEQUENCE {
	sib-StandaloneLocation-r15				ENUMERATED {lower, higher},
	spare									BIT STRING (SIZE (5))
}

SIB-GuardbandAnchorTDD-NB-r15 ::= 		SEQUENCE {
	spare									BIT STRING (SIZE (1))
}

SIB-GuardbandGuardbandTDD-NB-r15 ::= 	SEQUENCE {
	sib-GuardbandGuardbandLocation-r15		ENUMERATED {same, opposite}
}

SIB-GuardbandInbandSamePCI-TDD-NB-r15 ::= SEQUENCE {
	spare									BIT STRING (SIZE (1))
}

SIB-GuardbandInbandDiffPCI-TDD-NB-r15 ::= SEQUENCE {
	sib-EUTRA-NumCRS-Ports-r15				ENUMERATED {same, four}
}

-- ASN1STOP

In MIB-TDD-NB, field sib1-CarrierInfo indicates whether the SIB1-NB and/or SI message for the cell is transmitted on the anchor carrier or on a non-anchor carrier. 
In MIB-TDD-NB, the operation mode specific information fields give the further information on how to identify the SIB1-NB/SI non-anchor carrier frequency. There are constraints on the location of the SIB1-NB non-anchor carrier in frequency domain. In most cases, the SIB1-NB/SI non-anchor carrier is deployed next to the associated anchor carrier, either on the higher or the lower frequency side. An exception is the guardband-guardband case, where the SIB1-NB/SI non-anchor carrier could be deployed on the opposite edge of the LTE carrier.
For in-band and guard-band operation modes, the anchor and non-anchor NB-IoT carriers are placed on the LTE RB grid. The information provided in the current MIB-TDD-NB is sufficient for UEs to identify the actual location of the SIB1-NB/SI non-anchor carrier in the frequency domain. However, for standalone operation mode, there is ambiguity in the current specification of the SIB1-NB/SI non-anchor carrier.
[bookmark: _Ref178064866]2	Discussion
As defined in 36.104 [1], the carrier frequency of NB-IoT in the downlink is designated by the E-UTRA Absolute Radio Frequency Channel Number (EARFCN) and the offset of NB-IoT channel number to EARFCN.
FDL = FDL_low + 0.1(NDL – NOffs-DL) + 0.0025*(2MDL+1)
where the first part of the formula provides the closest EARFCN frequency and the second part gives the frequency offset to that EARFCN. This definition is sufficient to indicate a NB-IoT downlink carrier frequency in normal cases. However, it requires 23 bits in total to indicate the NB-IoT carrier frequency. (18 bits for the EARFCN plus 5 bits for the frequency offset), which is not possible to be transmitted in MIB.
The MIB message is supposed to be reliably heard by all UEs in the cell coverage. To ensure the reliability and coverage the MIB message has a strict limit on the number of payload bits. For this reason, for stand-alone operation mode, MIB-TDD-NB only uses 1 bit for indicating SIB1-NB/SI non-anchor carrier location. UEs should assume the non-anchor carrier is deployed in an adjacent NB-IoT carrier to the anchor, with the field sib-StandaloneLocation in MIB-TDD-NB indicating on which side of the anchor carrier it is located. For standalone mode, the problem with this signalling mechanism is that the exact frequency offset between the NB-IoT anchor and non-anchor carrier is ambiguous.
In NB-IoT standalone mode, there are several choices for the frequency offset between the anchor carrier and the non-anchor carrier. 3GPP specification requires a NB-IoT anchor carrier to be deployed exactly on the 100 kHz channel raster. However, it is up to the network to decide where to deploy the SIB1-NB/SI non-anchor carrier as long as it satisfies the EARFCN requirements.
By examine the EARFCN formula, we notice that a non-anchor carrier can be deployed around a 100 kHz channel raster with the following offsets [-47.5 kHz -42.5 kHz -37.5 kHz -32.5 kHz -27.5 kHz -22.5 kHz -17.5 kHz -12.5 kHz -7.5 kHz -2.5 kHz 0kHz 2.5 kHz 7.5 kHz 12.5 kHz 17.5 kHz 22.5 kHz 27.5 kHz 32.5 kHz 37.5 kHz 42.5 kHz 47.5 kHz]. Those offsets are selected by RAN4 to offer flexibilities in deploying the carriers so the interference between NB-IoT carriers are controlled by the network, see [2] for more details. Based on the current spec, all the offset values should be supported in standalone NB-IoT.
For TDD NB-IoT standalone operation, the current mechanism of indicating SIB1-NB/SI non-anchor carrier location is ambiguous. From a UE perspective, it needs to be indicated by the network about the non-anchor carrier frequency offset to the channel raster so that it can identify the exact location of the non-anchor carrier. Therefore, a new field needs to be introduced to MIB-TDD-NB to indicate which of the frequency offsets in the supported list is currently being used.
1. For TDD NB-IoT standalone operation, the current mechanism of indicating SIB1-NB/SI non-anchor carrier location is ambiguous.
Introduce a new field to MIB-TDD-NB for standalone operation to indicate the SIB1-NB/SI non-anchor carrier frequency offset to the channel raster.
The list of SIB1-NB/SI non-anchor carrier frequency offset contains all possible channel raster offset values defined in TS 36.104.
An exemplary update of the MIB-TDD-NB for resolving the SIB1-NB/SI non-anchor carrier frequency ambiguity is shown in the ANS.1 below.
StandaloneTDD-NB-r15 ::=				SEQUENCE {
	sib-StandaloneLocation-r15				ENUMERATED {lower, higher},
    sib-StandaloneFreqOffset-r15            ENUMERATED {khz-47dot5, khz-42dot5, khz-37dot5, khz-32dot5,khz-27dot5, khz-22dot5, khz-17dot5, khz-12dot5, khz-7dot5, khz-2dot5, khz0, khz2dot5, khz7dot5, khz12dot5, khz17dot5, khz22dot5, khz27dot5, khz32dot5, khz37dot5, khz42dot5, khz47dot5},
	spare									BIT STRING (SIZE (5))
}


	MasterInformationBlock-NB field descriptions

	…

	sib-StandaloneFreqOffset
This field contains the frequency offset of the non-anchor carrier used for SIB1 and/or SI transmission when operationmodeInfo is set to standalone, and sib1-CarrierInfo value and/or tdd-SI-CarrierInfo in SIB1-NB is set to non-anchor, to the channel raster. Value khz-47dot5 means -47.5 kHz frequency offset to the channel raster, value khz-42dot5 means -42.5 kHz, and so on.

	…



3	Conclusion
Based on the discussion in the previous sections we propose the following:
1. For TDD NB-IoT standalone operation, the current mechanism of indicating SIB1-NB/SI non-anchor carrier location is ambiguous.
1. Introduce a new field to MIB-TDD-NB for standalone operation to indicate the SIB1-NB/SI non-anchor carrier frequency offset to the channel raster.
1. The list of SIB1-NB/SI non-anchor carrier frequency offset contains all possible channel raster offset values defined in TS 36.104.
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