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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN4#83, it was agreed that additional spectrum emission masks for NB-IoT guard-band deployment are to be evaluated [1]. Further to the analysis in [2], two A-SEMs and the corresponding A-MPRs are proposed for the deployment of NB-IoT in the guard-band of a 10 MHz LTE channel. More details are discussed in Section 2.
Guard-band locations for NB-IoT
As pointed out in [3], the centre frequency of the NB-IoT DL channel shall meet the following constraints:
C1: The frequency gap between the NB-IoT RB and the LTE RB should be an integer multiple of 15 kHz in order to maintain orthogonality;
C2: The channel raster offset should be no more than 7.5 kHz for NB-IoT anchor carriers.
Taking into account C1 and C2 as well as the available guard-band, the possible DL channel locations are listed in Table 1.
[bookmark: _Ref489006279]Table 1: Possible NB-IoT DL channel locations in LTE guard-band
	LTE BW (MHz)
	5
	10
	15
	20

	NB-IoT channel centre to  LTE channel centre (kHz)
	±2392.5
	±
4597.5/4702.5
/4807.5/4897.5
	±
6892.5/6997.5/7102.5/7207.5/7297.5/7402.5
	±
9097.5/9202.5/9307.5/9397.5/9502.5/9607.5/9697.5/9802.5/9907.5

	Channel raster offset (kHz)
	±
-7.5
	±
-2.5/2.5/7.5/-2.5
	±
-7.5/-2.5/2.5/7.5/-2.5/2.5
	±
-2.5/2.5/7.5/-2.5/2.5/7.5/-2.5/2.5/7.55

	Frequency gap between LTE and NB-IoT (kHz)
	45
	0/105/210/300
	45/150/255/360/450/555
	0/105/210/300/405/510/600/705/810



On the other hand, the NB-IoT UL channel need not satisfy the constraint C2, but only C1. Hence there’re more choices for the UL channel locations. Assuming 15 kHz sub-carrier spacing, let  be the total number of LTE sub-carriers (e.g.  for 10 MHz BW), be the total number of NB-IoT sub-carriers (i.e. ), and ∆f be the frequency gap between the NB-IoT RB and the first or last configured LTE RB. The centre-to-centre distance between the NB-IoT UL channel and the LTE UL channel may be expressed as:
 (kHz),
 (kHz), n=0,1,2,….
Guard-band deployment and A-MPR
[bookmark: _Ref488330468]Guard-band deployment in a 10 MHz LTE channel
[image: ]The NB-IoT channel may be deployed in the LHS or RHS guard-band of a LTE channel. For 10 MHz LTE BW, all possible locations can be determined by the frequency gap |∆f| = 0, 15, 30, …, 300 kHz, where  if deployed in the RHS and  if deployed in the LHS. Figure 1 illustrates the case of an NB-IoT carrier deployed in the RHS guard-band of a 10MHz LTE channel.
[image: ]
[bookmark: _Ref480808325]Figure 1: SEMs for NB-IoT carriers deployed in the RHS guard-band of a 10MHz LTE channel. 
[bookmark: _Toc368026274]It can be seen that for kHz, the general NB-IoT SEM needs to be tightened so that the UE emissions can also meet the general EUTRA SEM. The amount of SEM to be tightened and the starting frequency offset from the NB-IoT channel edge are listed in Table 2.
[bookmark: _Ref489437509]Table 2: SEM tightening for different NB-IoT channel locations
	Frequency gap  (kHz)
	90
	105
	120
	135
	150
	165
	180

	SEM tightening (dB)
	0.2
	2.3
	4.4
	6.5
	8.6
	10.3
	11.2

	Starting offset from
the channel edge (kHz)
	220
	205
	190
	175
	160
	145
	130


In order to alleviate the burden due to SEM tightening, the same amount of A-MPR may be allowed for the UE. The required A-MPR and the modified SEM are depicted in Figure 2.
[image: ][image: ]
[bookmark: _Ref489444594]Figure 2: Tightened NB-IoT SEM
It can be seen that the bigger the frequency gap ∆f is, the more the SEM should be tightened and hence the larger A-MPR is needed. As a trade-off, it is proposed to adopt the frequency gap ∆f = 105 kHz. More explicitly, when a NB-IoT channel is deployed in the RHS guard-band of a 10 MHz LTE channel with the frequency gap ∆f = 105 kHz, it should meet the additional SEM defined in Table 3. 
[bookmark: _Ref488226075] Table 3: Additional NB-IoT spectrum emission mask when deployed in the RHS guard-band of a 10 MHz LTE channel with the frequency gap ∆f = 105 kHz
	ΔfOOB (kHz)
	Emission limit (dBm)
	Measurement bandwidth

	 0
	26
	30 kHz 

	 100
	-5
	30 kHz

	 150
	-8
	30 kHz

	205
	-15.7
	30 kHz

	205-225
	-18
	30 kHz

	 300
	-29
	30 kHz

	 500-1700
	-35
	30 kHz



Furthermore, the sub-carriers that are sufficiently far away from the right edge of the channel are not affected by the SEM tightening. Hence the A-MPR may be applied depending on the sub-carrier allocation in order to minimize the impact to the system performance. As a result, Table 4 shows the proposed A-MPR when deployed in the RHS guard-band of a 10 MHz LTE channel.
[bookmark: _Ref488239388]Table 4: NB-IoT A-MPR when deployed in the RHS guard-band of a 10 MHz LTE channel with the frequency gap ∆f = 105 kHz
	UL Transmission
	Single-tone
	3-tone
	6-tone
	12-tone

	Sub-carrier allocation
	15 kHz spacing
	0~9
	10~11
	0-2, 3-5, 6-8
	9-11
	0-5
	6-11
	0-11

	
	3.75 kHz spacing
	0~39
	40~47
	N/A
	N/A
	N/A
	N/A
	N/A

	A-MPR (dB)
	0
	≤ 3
	0
	≤ 3
	0
	≤ 3
	≤ 3


Correspondingly, if a NB-IoT channel is deployed in the LHS guard-band of a 10 MHz LTE channel with the frequency gap ∆f = -105 kHz, it should meet the additional SEM defined in Table 5. 
[bookmark: _Ref488227107] Table 5: Additional NB-IoT spectrum emission mask when deployed in the LHS guard-band of a 10 MHz LTE channel with the frequency gap ∆f = -105 kHz
	ΔfOOB (kHz)
	Emission limit (dBm)
	Measurement bandwidth

	 0
	26
	30 kHz 

	 100
	-5
	30 kHz

	 150
	-8
	30 kHz

	205
	-15.7
	30 kHz

	-(205-225)
	-18
	30 kHz

	 300
	-29
	30 kHz

	 500-1700
	-35
	30 kHz



[bookmark: _Ref488239394]And the proposed A-MPR is shown in Table 6.
[bookmark: _Ref489450894]Table 6: NB-IoT A-MPR when deployed in the LHS guard-band of a 10 MHz LTE channel with the frequency gap ∆f = -105 kHz
	UL Transmission
	Single-tone
	3-tone
	6-tone
	12-tone

	Sub-carrier allocation
	15 kHz spacing
	0~1
	2~11
	0-2, 
	3-5,   6-8,   9-11
	0-5
	6-11
	0-11

	
	3.75 kHz spacing
	0~7
	8~47
	N/A
	N/A
	N/A
	N/A
	N/A

	A-MPR (dB)
	≤ 3
	0
	≤ 3
	0
	≤ 3
	0
	≤ 3


Guard-band deployment in a 15/20 MHz LTE channel
The guard-band size of a 15/20 MHz LTE channel is much larger than that of a 10 MHz LTE channel. For example, in the guard-band of a 15 MHz LTE channel, the possible frequency gaps are |∆f| = 0, 15, 30, …, 540 kHz (i.e. n=0,1,…,36). Among them, no SEM tightening is needed for |∆f| = 0, 15, 30, …, 315 kHz (i.e. n=0,1,…,21). There are plenty of choices of locations for the NB-IoT channel, hence no A-SEM/A-MPR is needed for guard-band deployment in a 15/20 MHz LTE channel.
[bookmark: _Ref129681832]Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Based on the analysis in the previous section, we have the following proposals:
Proposal #1: Adopt the A-SEM in Table 3 and the corresponding A-MPR in Table 4 when deploying NB-IoT in the RHS guard-band of a 10 MHz LTE channel;
Proposal #2: Adopt the A-SEM in Table 5 and the corresponding A-MPR in Table 6 when deploying NB-IoT in the LHS guard-band of a 10 MHz LTE channel;
Proposal #3: Send a LS to RAN2 requesting the introduction of new NS messages for the two NB-IoT A-SEMs and the corresponding A-MPRs.
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