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Summary

This contribution discusses two assumptions for coexistence studies between NB-IoT and legacy LTE system.
1
Introduction
RAN4 is tasked to study the coexistence between NB-IoT and legacy systems (GSM/UMTS/LTE), for three scenarios which are standalone, in-band operation, and guard-band operation. In the last three RAN4 meetings, some companies provided their preliminary studies. Two WFs were endorsed and captured in [1,2]. This contribution discusses these two WFs and provides recommendations.

2
Assumptions and discussions
2.1
Assumption on NB-IoT ACLR

Way forward on how to apply ACLR and ACS on coexistence study for standalone case was endorsed and captured in [1]. The assumption of NB-IoT ACLR being flat across the whole LTE 10MHz bandwidth is very pessimistic and unrealistic. Some discussions on this issue were conducted via emails before this meeting, but it seems there is no agreeable and more realistic NB-IoT ACLR model yet.

The current assumption on NB-IoT leakage is that the NB-IoT attenuation on the whole LTE 10MHz channel bandwidth is flat. ACLR is defined on its own bandwidth size, meaning it is the ratio of the TX power at its own 180kHz bandwidth to the power leakage at the other 180kHz bandwidth which is outside its own channel. ACLR1 is to the first 180kHz adjacent to its own bandwidth, and ACLR2 is to the second adjacent 180kHz, etc. If we apply this flat assumption (ACLR1=ACLR2=ACLR3=…=ACLR56 across the whole LTE 10 MHz), the ratio of the NB-IoT TX power at its own 180kHz bandwidth to the power leakage at the whole LTE 10 MHz bandwidth becomes a very small value, which is given by “ACLR_e = ACLR – 10*log10(9MHz/180kHz)”. For example, if ACLR is 30dB, the ratio of the NB-IoT TX power at its own 180kHz bandwidth to the power leakage at the LTE 9 MHz RX bandwidth (ACLR_e) becomes 18dB. This very pessimistic and unrealistic assumption is illustrated in the following figure.
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Flat assumption of NB-IoT power leakage on the whole LTE 10MHz bandwidth


Figure 2.1-1: Flat assumption of NB-IoT power leakage on the whole LTE 10MHz bandwidth
In reality, power leakage decreases as it goes further away from its own channel edge. A more realistic assumption is illustrated in the following figure. In TR 36.942, the difference between ACLR1 and ACLR 2 for legacy LTE is 13dB. As to the difference between ACLR1 and ACLR 2 for NB-IoT is FFS.
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Steps like assumption of NB-IoT power leakage on the whole LTE 10MHz bandwidth


Figure 2.1-2: Steps like assumption of NB-IoT power leakage on the whole LTE 10MHz bandwidth

Recommendation 1: RAN4 should come up with a more realistic NB-IoT ACLR model (e.g. steps like ACLR model. ACLR1>ACLR2>ACLR3…) for the study of NB-IoT interfering LTE.
2.2
Power leakage modelling for in-band and guard-band

Way forward on power leakage modelling for in-band and guard-band was endorsed and captured in [2]. There are two methods on power leakage modelling for in-band and guard-band (3.75kHz sub-carrier spacing).
Method A:

· Power leakage from each NB-IoT tone to each LTE PRB:

· 48 (tones) to 49 (PRB) --- In-band

· 48 (tones) to 50 (PRB) --- Guard-band

· Power leakage from each LTE PRB to each NB-IoT tone:

· 49 (PRB) to 48 (tones) --- In-band

· 50 (PRB) to 48 (tones) --- Guard-band

Method B: 

· Power leakage from NB-IoT (all tones together) to each LTE PRB:

· Whole NB-IoT BW to 49 (PRB) --- In-band

· Whole NB-IoT BW to 50 (PRB) --- Guard-band

· Power leakage from LTE (all PRB together) to each NB-IoT tone:

· Whole LTE BW to 48 (tones) --- In-band

· Whole LTE BW to to 48 (tones) --- Guard-band

For NB-IoT subcarrier spacing of 3.75kHz, its mode is single tone. Each NB-IoT only uses one tone. It is more accurate to model the power leakage from each NB-IoT tone to each LTE PRB. Similarly, LTE UE occupies one third of the PRBs instead of all PRBs, it is more accurate to model the power leakage from each LTE PRB to each NB-IoT tone, instead of from the whole LTE BW.
Recommendation 2: Method A above should be used on power leakage modelling for in-band and guard-band.
3
Conclusion
The recommendations are summarized below.

Recommendation 1: RAN4 should come up with a more realistic NB-IoT ACLR model (e.g. steps like ACLR model. ACLR1>ACLR2>ACLR3…) for the study of NB-IoT interfering LTE.
Recommendation 2: Method A above should be used on power leakage modelling for in-band and guard-band.
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