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1. Introduction
WID for NB-IoT sets objective for WI for three modes of operation, Stand-alone, Guard band and In-band operation. WID also states that for Stand-alone operation RAN4 should specify requirement to meet GSM or MSR mask and that for In-band operation RAN4 should specify co-existence requirements with LTE. This paper discusses emission requirements for NB-IoT focusing in relation to existing LTE in-band emissions requirements in section 6.5.2.3 of 36.101.  
2. Discussion

In RAN1 paper [2] NB-IoT signals with different modulations were discussed. A simple RAPP PA model was applied. The conclusion was that “TPSK and 8BPSK provide at least 0.9 dB more effective transmit power than the /4-QPSK with same number of tones”. The limiting criteria was meeting GSM emission mask. For In-band the conclusion was that “it is possible to have constant envelop and 23 dBm transmit power for single-tone transmission, TPSK and 8BPSK while still meeting LTE in-band emission requirements”. In the analysis, allocated tones was one parameter and when 23 dBm output power was reached, not all tones were allocated. In the following, we discuss how in-band emission requirements were originally agreed and how those can be applied to NB-IoT UE requirements. 
2.1. LTE In-band emission requirements

LTE in-band emissions were created to protect eNodeB reception of other UEs transmission from unwanted emissions from other UEs inside transmission bandwidth configuration. The limits in section 6.5.2.3 of 36.101 result in to interference that is not depending on how RBs are allocated among other UEs as described in [3]. The principle is shown in Figure 1 (from [3]).
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Figure 1 Allowed In-band interference definition principle

2.2. NB-IoT out of channel emission in In-band mode

Difference between NB-IoT system and LTE is that in NB-IoT the channel inside one RB maybe shared with multiple UEs. For tone spacing of 15 kHz a total of 12 single tone users can be allocated or with tone spacing of 3.75 KHz a total of 48 single tone users can be allocated. If in-band emission requirements were to be used as single UE requirement as such, this would result on 10.8 or 16.8 dB higher interference to other LTE RB’s (theoretical worst case). Considering that single UE interference may be marginal compared LTE in-band emission requirements even when simple PA model [2] is used, we come to the observation that maximum interference combined from all NB-IoT UEs occupying same LTE RB In-band mode need to meet LTE in-band emission requirements. This principle then can be used to derive single UE emission requirements in NB-IoT in-band mode. This aspect should also be captured in co-ex study.

Observation1:   Maximum interference combined from all NB-IoT UEs occupying same LTE RB In-band mode need to meet LTE in-band emission requirements.
2.3. NB-IoT Stand-alone and guard band modes

Same problem may exist in the stand-alone and guard-band cases. The GSM mask is emission mask of a single UE but for NB-IoT system, the total interference outside the occupied channel is bigger due to multiple UEs transmitting same time in the same channel.

To mitigate the problem, similar emission requirements scheme need to be created that what was made for LTE. The emission requirement for single UE should be dependent on 1) the tones allocated for that UE 2) location of the tones in NB-IoT channel 3) number of adjacent RBs allocated for NB-IoT. The resulting total interference should be equal or less than existing LTE In-band emission requirement.  
Observation2: Out of channel emission requirements for NB-IoT UE must depend on number of allocated tones and location of tones  

2.4. NB-IoT in-band emission requirements

Topic that has not been discussed previously is the interference from one NB-IoT UL transmission to base station receiver at other UL tones in same channel. This would be similar case why LTE In-band emission requirements were created. 

Figure 2 shows a spectrum of (2,2)TPSK signal. The top dashed lines show GSM mask and four blue lines describe emission requirement toward frequencies occupied other tones. The requirement lines are in clusters of two tones for simplicity. Level and requirement details like MBW are FFS.

Observation 3: NB-IoT will need NB-IoT internal in-band emission requirement
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Figure 2 (2,2)TPSK spectrum and NB-IoT in-band emission requirements

 Additional discussion which is needed how to manage the needed back-off in different modulation as indicated in [2] in NB-IoT in-band emission limits. Also, the GSM mask is proportional to average in-band PSD of the transmission. 
3. Conclusion

Emission requirements were discussed and two observation was made:

Observation1:   Maximum interference combined from all NB-IoT UEs occupying same LTE RB In-band mode need to meet LTE in-band emission requirements.

Observation2:  Out of channel emission requirements for NB-IoT UE must depend on number of allocated tones and location of tones  
Observation 3: NB-IoT will need NB-IoT internal in-band emission requirement
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