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1
Introduction

NB-IoT deployments are envisioning to work in three operation modes: in-band, guard-band and standalone. While in guard-band and standalone scenarios only one 180 kHz channel is available, for in-band operation the network may utilize adjacent PRBs for NB-IoT transmission. In this contribution we discuss aspects related to in-band NB-IoT operation.
2 
In-band NB-IoT operation
There are two aspects which we are covering in this contribution. On one hand the legacy LTE signals/transmission need to be taken into account in the NB-IoT design, while secondly the NB-IoT operation may be enhanced by utilizing the available frequency domain resources.
2.1 
LTE impact
The LTE impacts are coming from different perspectives: synchronization and DL reference symbols (RS), existing LTE technologies, LTE interference in a partial NB-IoT deployment.
2.1.1

Synchronization and DL reference symbols

LTE synchronization signals are transmitted in the center 6 PRBs of the system. Also the minimum LTE bandwidth consists of 1.4 MHz. Multiplexing NB-IoT in the central 6 PRBs might be possible in theory but certainly there is little practical benefit, if any. Certainly the NB-IoT design cannot be driven by this deployment and the most straight forward option is to avoid NB-IoT operation in the central 6 PRB as well as in the 1.4MHz LTE deployments.

Proposal: avoid scheduling NB-IoT in central 6 PRBs of the LTE system or in the 1.4MHz LTE deployments.

DL wideband RS such as CRS, CSI-RS PRS are creating interference to the NB-IoT transmission. However it understood that after the PBCH reception the NB-IoT UE will be aware of the number of LTE CRS ports and their position and hence rate-matching the NB-PDSCH around these is a straight forward approach. As the DMRS transmission is confined in the allocation of the LTE UEs, these are not posing any problem to NB-IoT.
Proposal: rate match the NB-PDSCH/NB-PDCCH around the CRS/CSI-RS/PRS positions.

2.1.2 
Existing LTE technologies


During the past LTE releases, quite a few technologies have been specified such as eICIC/FeICIC, CoMP, eIMTA. It is expected that, for example, NB-IoT would be utilized in deployments where FeICIC, CoMP, etc are already operating. In the following we provide a brief discussion on these aspects.
The FeICIC technology is used in HetNet deployments and is based on extending the cell range and creating muting patterns (ABS) for the dominant interference which are used for transmission of the UEs located in the extended range which are otherwise dominated by the macro interference. As the ABS subframes are applied wideband, there are also going to coexist with the NB-IoT operation. There does not seem to be a straight forward need not to transmit for example NB-IoT synchronization signals in the ABS subframes, but it is important to keep the same interference levels for the sync signals transmission, that is not to send NB-PSS in ABS subframe and NB-SSS in non-ABS subframe. A similar observations is valid for the NB-IoT channels transmission in general. 
Observations: same interference profile should be maintained for NB-IoT channels transmission.
The CoMP operation is based on TM10 and consists of two possible deployments based on PCID and VCID. There are no special subframe configurations, the CoMP principle being based on UE feedback and availability of information in multiple transmission points. Schemes like dynamic point muting/selection (DPM/DPS) are switching/muting the transmission from one particular point, however this operation is performed in principle exclusively on the LTE allocation, hence without impacting the rest of the band. Of course wideband DPM would mute the whole band and utilizing this with Nb-IoT would imply time multiplexing the two types of transmission. This is possible, provided the DPM would avoid the NB-Sync and NB-PBCH channel.
Observation: CoMP technology may coexist with NB-IoT with some particular adjustments in the CoMP transmission and multiplexing, depending on the CoMP scheme.

In eIMTA, the dynamic reconfiguration of DL/UL pattern is utilized with the purposes of interference adaptation and traffic adaptation. Provided the NB-IoT would support some form of TDD, eIMTA could be utilized together with NB-IoT, however talking into account the transmission of the NB-Sync in case this makes use of the flexible subframe.
Observation: strive to support at least basic forms of eIMTA.
2.2
NB-IoT in-band operation
The particular characteristic of in-band deployment is the availability of frequency domain for NB-IoT channels (note that we cover the basic downlink design in a companion contribution [3]). However, as mentioned in [2], there would be a waste of resources to transmit synchronization signals in every NB-IoT in-band channel, as only one sync would suffice. The straight forward arrangement is to transmit a single NB-IoT synchronization channel and NB-PBCH, called the anchor channel, while other data traffic channels may be either multiplexed with the existing LTE traffic or transmitted in NB-IoT data channels. 

As we elaborate in a companion contribution [5], multiple NB-IoT channels may be supported in guard band mode, depending on the guard band configuration between the LTE and the NB-IoT PRB. An anchor channel configuration could be possible in this situation as well.

Proposal: support the transmission of a single NB-PSS/NB-SSS/NB-PBCH channel and of multiple NB-data channels. This should be applicable for both FDD and TDD.

The existence of the NB-data channels may be indicated by broadcast signalling, such as SIB. One possibility is to indicate such existence already after the detection of NB-SSS, in the sense that NB-PBCH itself does not necessarily needs to be transmitted in the same channel as NB-PSS/NB-SSS. However the benefits of such operation might be limited, or at least visible only in DL scarce TDD configurations.
Proposal: the existence of additional data-channels could be indicated by broadcast signalling or NB-SSS.

Having the possibility of transmitting in additional NB-data channels could be enhanced by frequency hopping. Further discussion on such operation is provided in [5], however we point out here that the design starting point is the eMTC design. More specifically, the hopping carrier instead of the narrowband. And for simplicity, the hopping can be done in two NB-IoT carriers, the hopping pattern is fixed and cell specific. The frequency hopping granularity (i.e., Ych) could be the baseline for further study; some new Ych values could be included to adapt the NB-IoT repetition. For in-band operation, the 2 symbols retuning time needs to check with RAN4 whether it is still suitable for NB-IoT.
Proposal: reuse the frequency hopping design of eMTC.
3
Conclusions

In this contribution we have been presenting views with respect to NB-IoT in-band deployment. The following observations and proposals may be summarized: 
Observations: 
· same interference profile should be maintained for NB-IoT channels transmission.
· CoMP technology may coexist with NB-IoT with some particular adjustments in the CoMP transmission and multiplexing, depending on the CoMP scheme.

· strive to support at least basic forms of eIMTA.
Proposals: 
· avoid scheduling NB-IoT in central 6 PRBs of the LTE system or in the 1.4MHz LTE deployments.
· rate match the NB-PDSCH/NB-PDCCH around the CRS/CSI-RS/PRS positions.
· support the transmission of a single NB-PSS/NB-SSS/NB-PBCH channel and of multiple NB-data channels. This should be applicable for both FDD and TDD.

· the existence of additional data-channels could be indicated by broadcast signalling or NB-SSS.

· reuse the frequency hopping design of eMTC.
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