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1. Introduction

In RAN#70, it was agreed that Narrowband Internet of Things (NB-IoT) should support three different modes of operation as follows [1]. 
- ‘Stand-alone operation’ utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers, as well as scattered spectrum for potential IoT deployment.

-  ‘Guard band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band 

-  ‘In-band operation’ utilizing resource blocks within a normal LTE carrier
In RAN1#83, the following agreements were achieved [2]:
· Proposal for NB-IoT DL

· Downlink transmission with 15kHz subcarrier spacing for all the scenarios: standalone, guardband, in-band 
· For in-band operation, it shall be possible for NB-IoT UE to decode NB-PBCH without knowing the legacy PRB index

–
i.e. a single fixed predefined PRB location NB-IoT is precluded.
· Master information broadcast and system information broadcast are supported for NB-IoT

–
Master information broadcast is carried by a first physical channel 

· The first physical channel has no accompanying control channel

–
System information broadcast is carried by a second physical channel 

· FFS how the UE determines the time/frequency resources for the second physical channel carrying the system information broadcast.
2. Discussion

Considering the available spectrum resources and IoT device numbers, it is proposed to allow multiple 180 kHz bands to be allocated for NB-IoT to support massive connectivity. In such a case allocation aligned to the channel raster should be limited to a single 180 kHz band, with all additional bands being allocated dynamically for the sake of flexibility, depending e.g. of the load balancing between LTE and NB-IoT traffic; additionally these additional bands would not be constrained by alignment to the channel raster, since their location could be identified from the single fixed band (see also proposal#2). In addition, frequency hopping among sufficiently separated bands can be developed to exploit the frequency diversity gain; it is suggested that such discussion is left for further Releases.
Proposal#1: NB-IoT with multiple 180 kHz bands is supported for massive connectivity. In such a case allocation aligned to the channel raster should be limited to a single 180 kHz band for the sake of flexibility. The support of frequency hopping is left for further Releases.
Moreover, for IoT applications such as security monitoring, mobile autonomous reporting exception/periodic reports, the traffic is mostly in the UL direction. For these applications, more resources are required in UL than in DL. In view of the different traffic volume requirements of normal LTE UE and NB-IoT UEs, static/semi-static asymmetric band configuration of in-band NB-IoT,  or at least long time-scale resource scheduling coordination between LTE and in-band NB-IoT could be considered to make good use of the limited spectrum resources; however such discussion may be  left for further Releases.

The indication of the multiple bands for NB-IoT should be discussed. For NB-IoT with multiple 180 kHz bands, the information of available bands can be conveyed by the system information broadcast. To be more specific, we can predefine the first physical channel carrying MIB and NB-PSS/NB-SSS channels at a location aligned to the raster channel (i.e., on the anchor/master PRB). An option to convey the information about the multiple bands is given below.
First, we propose to replace the legacy ‘downlink channel bandwidth’ part in MIB with a 1-bit flag, referred to as mb_flag, to indicate whether multiple bands are configured for the NB-IoT system or not. Next, we define a new SIB (named as ‘SIB_mb’ in this doc) to carry the detailed information of all the available NB-IoT bands in the cell. The information about the absolute radio-frequency information of each band is included in SIB_mb. The transmission of SIB_mb is optional. Particularly, if two or more bands are configured for NB-IoT, the SIB_mb is transmitted at a fixed time allocation on the anchor band. Otherwise, the base station does not transmit SIB_mb. 
A NB-IoT UE searches NB-PSS/NB-SSS on the anchor PRB. Once it gets synchronized, it is capable of receiving MIB. After decoding MIB, it gets the value of mb_flag, and then decides whether to receive the information of the available NB-IoT bands.
The frequency resource in multi-band NB-IoT can be indexed by band. The bands can be numbered e.g. in order of increasing PRB index. For example, assuming the total number of available DL NB-IoT bands is N_DL, the bands with the lowest and highest PRB index can be indexed by band#0 and band# N_DL-1, respectively.

Proposal#2: For multi-band NB-IoT, the NB-PSS/NB-SSS and NB-PBCH channels are conveyed by the anchor PRB only; the information of NB-IoT bands can be included by master/system information broadcast. The frequency resource in multi-band NB-IoT can be indexed by band.
For in-band NB-IoT deployment, we should avoid allocating NB-IoT bands on the centre 6 PRBs of the concurrent LTE system as much as possible. At least, the anchor PRB should not be located at the centre 6 PRBs. Thus, we could reduce the impacts between NB-IoT and LTE. And the follow-up design for in-band deployment would become much easier. Note that as a consequence in-band NB-IoT cannot be supported within a 1.4 Mhz LTE bandwidth.
Proposal#3: For multi-band NB-IoT with in-band deployment, at least the anchor PRB should not be included in the centre 6 PRBs of concurrent LTE system; as a consequence in-band NB-IoT cannot be supported within a 1.4 Mhz LTE bandwidth.
In addition, in order to decode the information on the anchor PRB, the legacy LTE reference signals are not applicable due to its dependence on the PRB index. Some new reference signals for NB-IoT are needed. At least for detection on the anchor PRB, the reference signal should be independent of the PRB index.  And the resource element of the reference signal might be fixed or related to PCID. A fixed sequence or a sequence just depends on PCID/subframe No./frame No. could be employed. Therefore, NB-IoT UEs can detect the information on the anchor PRB after the cell search and downlink synchronization. 
Proposal#4: For multi-band NB-IoT, the reference signal on the anchor PRB should be independent of PRB index.
3. Conclusions

In this contribution we have the following proposals:

Proposal#1: NB-IoT with multiple 180 kHz bands can be supported for massive connectivity. In such a case allocation aligned to the channel raster should be limited to a single 180 kHz band for the sake of flexibility. Frequency hopping among sufficiently separated bands can be developed to exploit the frequency diversity gain. 

Proposal#2: For multi-band NB-IoT, the NB-PSS/NB-SSS and NB-PBCH channels are conveyed by the anchor PRB only; the information of NB-IoT bands can be included by master/system information broadcast. The frequency resource in multi-band NB-IoT can be indexed by band.
Proposal#3: For multi-band NB-IoT with in-band deployment, at least the anchor PRB should not be included on the centre 6 PRBs of concurrent LTE system; as a consequence in-band NB-IoT cannot be supported within a 1.4 Mhz LTE bandwidth.
Proposal#4: For multi-band NB-IoT, the reference signal on the anchor PRB should be independent of PRB index.
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