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1 Introduction
In RAN plenary #69 the new work item Narrowband IoT was approved for the support of massive number of devices in narrow bandwidth. This WI has been revised during last RAN#70 [1]. According to the work item description, the objective is to specify a radio access for cellular internet of things. NB-IOT supports different operation modes including stand-alone operation, in-band operation and guard-band operation. 

During last RAN4#78 meeting, a way forward [2] has been agreed where NB-IoT guard band deployment for LTE BW less or equal to 5 MHz is left FFS. This contribution addresses those cases and makes proposal to answer remaining open items.
2 Discussion
NB-IoT has a transmission bandwidth configuration of 180 kHz. There have been proposals (refer to [4] and [5]) to start operating NB-IoT in LTE guard band, and “leak” outside LTE bandwidth, to finally add a guard band of 200 kHz (from NB-IoT carrier) before applying LTE UEM mask (as shown in Figure 1). This would lead to situation where LTE + NB-IoT guard band bandwidth would then be e.g. 3.1925 MHz (due to channel raster constraint, see [6] and [7]). Depending on how this would be interpreted, one could consider this is still a NB-IoT “guard band” or NB-IoT standalone deployed in LTE guard band.

[image: image1.emf]Operator A

Legacy LTE bandwidth (e.g. 3 MHz)

FoffsetRAT

(200kHz)

”New” LTE bandwidth (e.g. 3.1925 MHz)


Figure 1: LTE channel bandwidth redefinition
When LTE has 5 MHz bandwidth, there is 250 MHz guard band in both sides, which would be sufficient to operate NB-IoT (180 kHz). But, due to the channel raster issue (refer to [6] and [7]) , this 250 MHz is even reduced and only one position is possible in each of the guard band (+/- 2392.5 MHz, shifting the NB-IoT PRB with 45 KHz additional from last LTE PRB). Due to the nature of NB-IoT (might even be +6dB power boosted comparing to LTE), it would be then very challenging to fulfill UEM requirements (LTE UEM mask for 5 MHz bandwidth, as agreed in the way forward [2]). That would require extremely performing filtering.
Nevertheless, to avoid using such high performance filters, there is another alternative which would not impact existing base station HW. It consists in shifting the downlink LTE carrier in one direction by a multiple of 100 kHz (see Figure 3); the uplink LTE carrier could remain at the same place (no channel raster issue for UL), or being shifted as well. This operation is transparent to the legacy UEs (information transmitted in LTE system information). How large this shift could be is base station implementation’s dependent: the base station shall still fulfill LTE UEM requirement towards the legacy bandwidth (5 MHz) even if the guard band is reduced. 
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Figure 3: Shifting LTE DL carrier with 100 kHz
Shifting with 100 kHz, as shown in Figure 4, this would:
· Reduce one side LTE guard band from 250 kHz to 150 kHz.

· Increase the other side up to 350 kHz, meaning having then:

·  45 kHz offset in between last LTE PRB and NB-IoT (channel raster constraint).

· 180 kHz NB-IoT

· 125 kHz guard band from NB-IoT to LTE channel bandwidth.
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Figure 4: 5MHz LTE including NB-IoT guard band after 100 kHz  shift
By doing so, some radios (only) would then support operating NB-IoT in LTE 5MHz guard band without adding any other offset from legacy LTE bandwidth. This is just an example of an implementation specific that gives the possibility to deploy NB-IoT in guard band for LTE bandwidth smaller or equal to 5 Mhz.
3 Conclusion
In this contribution, we described a possibility to deploy NB-IoT in guard band for LTE bandwidth less or equal to 5 MHz, there might be other possibility to do it. 
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