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1 Introduction
This document considers the spectrum emission requirements for NB-IoT guard-band deployment. The guard-band deployment mode utilizes previously reserved spectrum resources in an LTE channel, which is an attractive option for mobile network operators. Apart from the general NB-IoT spectrum emission mask (SEM) defined in Section 6.6.2F of [1], all NB-IoT UEs deployed in the guard-band should also comply with the general E-UTRA SEM defined in Section 6.6.2.1.1 of [1] in order to avoid excessive interference to the adjacent channels. The combined SEM requirements may be more stringent than the general NB-IoT SEM, depending on the location of the NB-IoT carrier within the LTE guard-band. More details are discussed in Section 2.
2 Discussion
It has been discussed extensively in both RAN1 and RAN4 on the channel raster offset and its impact on NB-IoT carrier frequencies in different deployment modes [2]

 REF _Ref480803925 \r \h 
[3]. For example, in the guard-band of a 10MHz LTE channel, there’re only four valid frequency locations on each side (left-hand side (LHS) or right-hand side (RHS)) of the channel [2]. Only at these locations, the frequency offset from the 100 kHz channel raster is no more than 7.5 kHz, which is necessary for deploying NB-IoT anchor carriers.
More explicitly, the four valid locations are: ∆f = 0, 105, 210, 300 kHz, where ∆f is the frequency gap between the edge of the configured LTE RBs and the edge of the NB-IoT RB. Figure 1 illustrates the case of an NB-IoT carrier deployed in the RHS guard-band of a 10MHz LTE channel and a zoomed-in version is shown in Figure 2.
It can be seen that except for the frequency gap of ∆f = 0, the SEM of the NB-IoT carrier would break the general E-UTRA SEM. This may prohibit the usage of non-zero frequency gaps, e.g. if the adjacent channel belongs to a different operator.
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Figure 1: SEMs for an NB-IoT carrier deployed in the guard-band of a 10MHz LTE channel. The four valid frequency locations are shown by different colors.
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Figure 2: Zoomed-in SEMs, where the interceptions of the SEMs are clearly shown.
On the other hand, it may be beneficial to have a non-zero gap between the LTE carrier and the NB-IoT carrier, in order to minimise the interference between each other and optimise the system performances. Such interference could arise from excessive RX power difference between the two carriers, the usage of 3.75kHz sub-carrier spacing in the NB-IoT carrier, residual CFO and etc.

In order to enable the usage of non-zero gap, we propose that NB-IoT adopt additional SEM, similar to those defined in Section 6.6.2.2 of [1] for legacy LTE. A new network signalled value “NS_XX” needs to be defined and the network may broadcast it in SIB2 in order to inform the UE about the additional SEM in place. The additional SEM could be formed by the combination of the general NB-IoT SEM and the general E-UTRA SEM as shown in Figure 1 and Figure 2, whichever is more stringent. 

For example, for the frequency gap of ∆f = 105kHz, the additional SEM may be defined by Table 1, where the general NB-IoT SEM is slightly tightened in a 30 kHz region starting from the offset of 197.5 kHz. Figure 3 illustrates the proposed additional SEM.
	Table 1: Additional NB-IoT spectrum emission mask
ΔfOOB (kHz)
	Emission limit (dBm)
	Measurement bandwidth

	( 0
	26
	30 kHz 

	( 100
	-5
	30 kHz

	( 150
	-8
	30 kHz

	197.5
	-14.7
	30 kHz

	197.5-227.5
	-18
	30 kHz

	( 300
	-29
	30 kHz

	( 500-1700
	-35
	30 kHz
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Figure 3: Additional SEM for NB-IoT guard-band deployment.
For any UE that receives the new “NS_XX” message, it should comply with the additional SEM associated with the message. This guarantees that no excessive spectrum emissions be generated to the adjacent channels. Furthermore, A-MPR could be defined in order to assist the UE to meet the additional SEM, which is subject to further study.
In terms of the potential impact on RAN2, it turns out to be quite small. The broadcast of A-MPR is already supported in SIB2 and the signalling from the UE side is already defined in UE-Capability IE, both from Rel-13 [4]. More details are included in the Appendix. Hence we have the following observation:
Observation #1: The signalling mechanism for A-SEM/A-MPR already exists in Rel-13. The potential impact on RAN2 is small.
3 Conclusion
Based on the above analysis, we have one observation:

Observation #1: The signalling mechanism for A-SEM/A-MPR already exists in Rel-13. The potential impact on RAN2 is small.
And we propose the following actions:

Proposal #1: introduce additional SEM for NB-IoT guard-band deployment, FFS the detailed definition;
Proposal #2: FFS whether A-MPR is needed and/or how much.
4 Appendix
In this section, some contents from [4] are presented to show the existing signalling mechanism. 
· Broadcast of A-SEM in SIB2

SystemInformationBlockType2-NB information element
-- ASN1START

SystemInformationBlockType2-NB-r13 ::=
SEQUENCE {


radioResourceConfigCommon-r13


RadioResourceConfigCommonSIB-NB-r13,


ue-TimersAndConstants-r13



UE-TimersAndConstants-NB-r13,


freqInfo-r13






SEQUENCE {



ul-CarrierFreq-r13





CarrierFreq-NB-r13



OPTIONAL,-- Need OP



additionalSpectrumEmission-r13


AdditionalSpectrumEmission

},


timeAlignmentTimerCommon-r13


TimeAlignmentTimer,


multiBandInfoList-r13
SEQUENCE (SIZE (1..maxMultiBands)) OF AdditionalSpectrumEmission

OPTIONAL,-- Need OR


lateNonCriticalExtension




OCTET STRING




OPTIONAL,


...

}

-- ASN1STOP

	SystemInformationBlockType2-NB field descriptions

	additionalSpectrumEmission

The UE requirements related to IE AdditionalSpectrumEmission are defined in TS 36.101 [42, table 6.2.4.1].

	multiBandInfoList

A list of additionalSpectrumEmission i.e. one for each additional frequency band included in multiBandInfoList in SystemInformationBlockType1-NB, listed in the same order.

	ul-CarrierFreq

Uplink carrier frequency as defined in TS 36.101 [42, 5.7.3F]. If operationModeInfo in the MIB-NB is set to standalone and the field is absent, the value of the carrier frequency is determined by the TX-RX frequency separation defined in TS 36.101 [42, table 5.7.4-1] and the value of the carrier frequency offset is 0. If operationModeInfo in the MIB-NB is not set to standalone, the field is mandatory present.


· UE signaling on the support of A-SEM

UE-Capability-NB information element
-- ASN1START

UE-Capability-NB-r13 ::=

SEQUENCE {


accessStratumRelease-r13

AccessStratumRelease-NB-r13,


ue-Category-NB-r13



ENUMERATED {nb1}




OPTIONAL,


multipleDRB-r13




ENUMERATED {supported}



OPTIONAL,


pdcp-Parameters-r13



PDCP-Parameters-NB-r13



OPTIONAL,


phyLayerParameters-r13


PhyLayerParameters-NB-r13,


rf-Parameters-r13



RF-Parameters-NB-r13,


nonCriticalExtension


UE-Capability-NB-v14xy-IEs


OPTIONAL
}

RF-Parameters-NB-r13 
::=


SEQUENCE {


supportedBandList-r13



SupportedBandList-NB-r13,


multiNS-Pmax-r13




ENUMERATED {supported}

OPTIONAL
}

NS-PmaxList-NB information element
-- ASN1START

NS-PmaxList-NB-r13 ::=


SEQUENCE (SIZE (1..maxNS-Pmax-NB-r13)) OF NS-PmaxValue-NB-r13

NS-PmaxValue-NB-r13 ::=


SEQUENCE {

additionalPmax-r13



P-Max





OPTIONAL,
-- Need OR

additionalSpectrumEmission-r13
AdditionalSpectrumEmission
}

-- ASN1STOP
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