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1. Introduction
In RAN4#78 NB-IoT AH meeting, it was discussed whether specifying In-channel selectivity requirement for in-band operation or not, however RAN4 could not reach the consensus. The technical justifications of either necessity or unnecessity to specify were not clarified.

High PSD E-UTRA signals would exist in the same channel bandwidth with low PSD NB-IoT signal(s). Thus if RAN4 doesn’t specify ICS requirement for NB-IoT in-band operation, it has the possibilities to not guarantee receiver in-channel selectivity characteristics.
In this contribution, we propose to specify in-channel selectivity (ICS) requirement for NB-IoT in -band operations and show the detail of requirement.
2. ICS requirement
2.1. Last discussion in NB-IoT AH meeting
Whether to specify ICS requirement or not for in-band operation was discussed in [1-4]. Table 1 summarizes the view of each company.
Table 1: Whether to specify ICS requirement or not for in-band operation
	
	Whether specify or not
	justification in each contribution

	Nokia [1]
	not specify
	· current power boosting for NB-IoT PRB is specified to be 6dB

	DOCOMO [2]
	specify
	· high PSD E-UTRA signal would exist

	Huawei [3]
	specify
	· the received power difference between any two tones is expected to be less than LTE within the channel

	Ericsson [4]
	not specify
	· already covered by LTE ICS requirement: NB-IoT will have same performance than LTE when in band regarding in channel selectivity then


In [4], it was explained that “LTE ICS requirement can cover the NB-IoT in-band operation ICS requirement”. However, several parameters (e.g., number of tones/RBs, channel spacing (3.75kHz/15kHz)) are different between LTE and NB-IoT. The technical justification is not clear why LTE ICS requirement can cover the NB-IoT in-band operation ICS requirement. (At the same time, the technical justification is not provided why LTE ICS requirement can NOT cover the NB-IoT in-band operation ICS requirement)
Observation 1: The technical justification whether LTE ICS requirement can cover the NB-IoT in-band operation ICS requirement or not is not clear.
2.2. Whether specify or not ICS requirement for in-band operation
As we discussed in the previous sub-clause, the technical justification whether LTE ICS requirement can cover the NB-IoT in-band operation ICS requirement or not is not clear. If the justification that LTE ICS requirement can cover NB-IoT is provided, RAN4 doesn’t need to specify ICS requirement. Otherwise, RAN4 should specify ICS requirement for in-band operation, since there is the possibilities to not guarantee receiver in-channel selectivity characteristics.
Proposal 1: If the technical justification that LTE ICS requirement can cover NB-IoT is provided and agreed, RAN4 doesn’t need to specify ICS requirement. Otherwise, RAN4 should specify ICS requirement for in-band operation.
In the next clause, we show the detail of parameters to specify the ICS requirement for NB-IoT in-band operation.
3. Proposed ICS requirement for in-band operation
Based on the Proposal 1 in the previous clause, we discuss the applicable conditions and parameters of ICS requirement for NB-IoT in-band operation. We can reuse the same approach to define the wanted signal mean power and the same E-UTRA interfering signal as LTE ICS requirement. The wanted signal mean power can be obtained as below equation.
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Where, Ntone is equal to number of tone of wanted signal (
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 = BWwanted). Desensitisation is equal to 3 dB, noise figure (NF) is equal to 5dB, SNR is required SNR on REFSENS for the each channel spacing, and implementation margin (IM) is equal to 2 dB. These values are same as LTE [5].
From above equation, we propose following ICS requirement for NB-IoT in-band operation for both 15kHz and 3.75 kHz. SNR in the below tables is required SNR on REFSENS for the each channel spacing. Texts highlighted Yellow will be updated after the agreement on REFSENS.
To specify similar NB-IoT ICS requirement with E-UTRA ICS, NB-IoT tone should be placed at the centre of the remaining frequency range other than interfering signal. If NB-IoT tone is placed at the nearest from the interfering signal, required Desens value may become larger than 3dB. And on the other hand, NB-IoT tone is placed at farthest from the interfering signal, required Desens value may become smaller than 3dB. Thus, to keep similar performance with E-UTRA, we should to place NB-IoT tone at the centre of the remaining frequency range other than interfering signal.
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Fig 1. Signal allocation example for 10 MHz CBW
===========================
For NB-IoT in-band operation, the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in Annex A with parameters specified in Table 7.4.1-5 and Table 7.4.1-6 for Wide Area BS. 

Table 7.4.1-5 Wide Area BS in-channel selectivity for NB-IoT in-band operation with 15kHz channel spacing
	E-UTRA

channel bandwidth (MHz)
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] 
	Type of interfering signal

	1.4
	Same as REFSENS
	-122.24+SNR
	-87
	1.4 MHz E-UTRA signal, 3 RBs

	3
	Same as REFSENS
	-122.24+SNR
	-84
	3 MHz E-UTRA signal, 6 RBs

	5
	Same as REFSENS
	-122.24+SNR
	-81
	5 MHz E-UTRA signal, 10 RBs

	10
	Same as REFSENS
	-122.24+SNR
	-77
	10 MHz E-UTRA signal, 25 RBs

	15
	Same as REFSENS
	-122.24+SNR
	-77
	15 MHz E-UTRA signal, 25 RBs*

	20
	Same as REFSENS
	-122.24+SNR
	-77
	20 MHz E-UTRA signal, 25 RBs*

	Note*: 
Interfering signal is placed in one side of the Fc, while the NB-IoT PRB is placed on the other side, at its middle. The wanted NB-IoT tone is placed at the centre of this NB-IoT PRB.


Table 7.4.1-6 Wide Area BS in-channel selectivity for NB-IoT in-band operation with 3.75kHz channel spacing
	E-UTRA

channel bandwidth (MHz)
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] 
	Type of interfering signal

	1.4
	Same as REFSENS
	-128.26+SNR
	-87
	1.4 MHz E-UTRA signal, 3 RBs

	3
	Same as REFSENS
	-128.26+SNR
	-84
	3 MHz E-UTRA signal, 6 RBs

	5
	Same as REFSENS
	-128.26+SNR
	-81
	5 MHz E-UTRA signal, 10 RBs

	10
	Same as REFSENS
	-128.26+SNR
	-77
	10 MHz E-UTRA signal, 25 RBs

	15
	Same as REFSENS
	-128.26+SNR
	-77
	15 MHz E-UTRA signal, 25 RBs*

	20
	Same as REFSENS
	-128.26+SNR
	-77
	20 MHz E-UTRA signal, 25 RBs*

	Note*: 
Interfering signal is placed in one side of the Fc, while the NB-IoT PRB is placed on the other side, at its middle. The wanted NB-IoT tone is placed at the centre of this NB-IoT PRB.


===========================

Proposal 2: If the technical justification that LTE ICS requirement can cover NB-IoT is NOT agreed, RAN4 should capture table Table 7.4.1-5 and Table 7.4.1-6 in TS 36.104 section 7.4.1.
In [6-7], we also provide TP for master CR of 36.104 to specify ICS requirement for in-band operation and TP for TR 36.802.
4. Conclusion

In this contribution, we discussed in-channel selectivity requirement for in-band operation. We obtained following observations and proposals. We also provide TP for master CR of 36.104 to specify ICS requirement for in-band operation in [6] and TP for TR 36.802 in [7].
Observation 1: The technical justification whether LTE ICS requirement can cover the NB-IoT in-band operation ICS requirement or not is not clear.
Proposal 1: If the technical justification that LTE ICS requirement can cover NB-IoT is provided and agreed, RAN4 doesn’t need to specify ICS requirement. Otherwise, RAN4 should specify ICS requirement for in-band operation.

Proposal 2: If the technical justification that LTE ICS requirement can cover NB-IoT is NOT agreed, RAN4 should capture table Table 7.4.1-5 and Table 7.4.1-6 in TS 36.104 section 7.4.1.
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