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Discussion and Decision
1
Introduction
In RAN1#84, it was agreed that:

· Multiple NB-IoT carriers operation for NB-IoT is supported  at least for in-band, guard-band operation modes
· The UE in RRC_IDLE camps on the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions

· The UE in RRC_CONNECTED can be configured, via UE-specific RRC signaling, to a PRB, for all unicast transmissions (not intended to excluding SC-PTM, if supported), different than the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions

· If the different PRB is not configured for the UE, all transmissions occur on the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions
· Details for the location(s) of the different PRB are FFS 
· Particularly whether or not to allow in-band to guard-band and vice versa
· The UE is not expected to receive NB-PBCH, and NB-PSS/SSS and any transmissions other than unicast transmissions in the configured PRB 
In this contribution, we consider remaining issues for multi-carrier operation in NB-IoT.
2
Multi-carrier operation in NB-IoT
2.1
Location of the different PRB (in-band case)
In the case a different PRB is configured the PRB on which NB-PSS/SSS, NB-PBCH and SIB transmissions were received (a.k.a. the “anchor PRB”) shall comply with the agreed requirements related to NB-PSS/NB-SSS channels; in particular and for the in-band case, such PRB shall not be located within the innermost PRBs zone (see [1], NB-PSS/NB-SSS agreements).
In order to avoid any negative side-effect for LTE UEs and to simplify the implementation we propose to have the same requirement applicable for the configured PRB (if any); as the channel raster alignment constraint is not applicable for such PRB this proposal still provides a large choice of locations for the configured PRB, as shown by the table below.
Table 1: LTE PRB indices (starting from 0) not available for the configured PRB
	LTE system BW
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Total PRB range
	0 - 14
	0 - 24
	0 - 49
	0 - 74
	0 - 99

	PRB indices not available for the configured PRB
	One among {2, 12} and 4 - 10
	One among {2, 7, 17, 22} and 
9 - 15
	One among {4, 9, 14, 19, 30, 35, 40, 45} and 
22 - 27
	One among {2, 7, 12, 17, 22, 27, 32, 42, 47, 52, 57, 62, 67, 72} and 34 - 40
	One among {4, 9, 14, 19, 24, 29, 34, 39, 44, 55, 60, 65, 70, 75, 80, 85, 90, 95} and 47 – 52


Proposal 1: when configured, a different PRB shall be located for the in-band case outside of the innermost PRBs zone.

2.2
Allowing in-band to guard-band (and vice-versa)

During RAN1#84 meeting it has been proposed (see [2]) to have the different PRB configured using a guard-band carrier while the anchor PRB belongs to the LTE system bandwidth and vice-versa, to have the different PRB configured within the LTE system bandwidth while the anchor PRB uses a guard-band carrier.
Such proposal has obvious benefits, as it would provide operators with an additional flexibility to share their LTE spectrum between LTE and NB-IoT UEs, as well as an increased capacity available for NB-IoT UEs. We therefore support the usefulness of such feature.
On the other hand several open questions remain which deserve further study from RAN1 perspective, e.g. the following ones:

- Which deployment mode shall be indicated in the MIB ? In-band ? Guard-band ? A new one ?
- It has been agreed (see [1]) that the control region size is provided is provided within the SIB1 for the in-band mode while it has to be assumed to be equal to “0” for the guard-band mode. How a NB-IoT UE is aware of the LTE control region size when the anchor PRB uses a guard-band carrier ?
- Impacts upon UE complexity ?


Additionally and from a RAN4 perspective, there may be UE RF (radio tuning time) and RRM (control channel measurements) issues to be solved related to UE performance.

In order to avoid any negative impact upon the NB-IoT Rel-13 completion date we therefore propose to postpone this study for further releases.

Proposal 2: in-band to guard-band (and vice-versa) multi-carrier feature study should be postponed to further releases.
3
Conclusion
In this contribution, we consider the multi-carrier operation in NB-IoT. Based on our analysis, we make the following proposals:
Proposal 1: when configured, a different PRB shall be located for the in-band case outside of the innermost PRBs zone.
Proposal 2: in-band to guard-band (and vice-versa) multi-carrier feature study should be postponed to further releases.
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