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1 Introduction

At the last RAN1 #84 meeting, the following was agreed to support NB-IoT multi-carrier operation.
	For the in-band, guard-band and standalone deployments

· 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 addition, RAN2 has agreed the following for NB-IoT multi-carrier operation [1].
	Configurations of non-anchor PRB:

-
For C-plane solution, a non-anchor PRB can be configured when an RRC connection is established (i.e., Msg.4);

-
For U-plane solution, a non-anchor PRB can be configured when an RRC connection is (re)established, resumed or reconfigured;

-
Configurations of a non-anchor PRB are included within the IE radioResourceConfigDedicated;

-
After the successful completion of RRC connection (re)establishment, resume or reconfiguration, if configured, the UE can start to receive NB-PDCCH/NB-PDSCH and/or transmit NB-PUSCH on a non-anchor PRB;

-
A UE that has been assigned a non-anchor PRB, remains on that PRB throughout RRC_CONNECTED or until transmission of NB-RACH is needed in RRC_CONNECTED or until re-assigned to another PRB.

Random Access/RRC connection (re)establishment procedure:

-
The RA procedure is performed on an anchor PRB;

-
The RRC connection (re)establishment/resume procedure is initiated on an anchor PRB (After the HARQ acknowledgement for Msg.4, UE start monitoring  an non-anchor PRB and Msg.5 is delivered on an non-anchor PRB);

-
If the UE needs to perform a RA procedure while on the non-anchor carrier (e.g. due to SR or PDCCH order) it goes back to the anchor carrier and stays there throughout RRC_CONNECTED or until re-assigned to another PRB (We may consider the mechanism to go back to the non-anchor PRB after the RA procedure).

Upon leaving RRC_CONNECTED:

-
A UE that operates on a non-anchor PRB selects an NB-IoT carrier (via cell selection) upon leaving RRC_CONNECTED (FFS whether the eNB may redirect a UE to another NB-IoT carrier during RRC Connection Setup and/or RRC Connection Release);

-
A UE in RRC_IDLE receives paging on an anchor PRB.


In this contribution, we address the remaining issues for support of NB-IoT multi-carrier operation. Note that additional aspects of NB-IoT multi-carrier operation are treated in our companion contribution is [2].
2 RE and PRB allocation in NB-IoT multi-carrier operation
In LTE Rel. 10, carrier aggregation (CA) was introduced. CA supports PCells and SCells. UEs can only camp on PCells. On these cells, system information is broadcasted whereas for SCells, UEs receive the system information via dedicated RRC signaling. Furthermore, the SFN is aligned across all component carriers of a UE. Hence, there is no need for a UE to receive the PBCH or any SI on an SCell. Nevertheless, the UE rate matches around REs reserved for PBCH transmission regardless of whether a cell is configured as a PCell or SCell. 
In NB-IoT, an RRC_IDLE UE camps on an NB-IoT carrier on which it can receive NB-PSS/SSS, NB-PBCH and other broadcast information related to SIB, RACH, and paging. During RRC connection setup, the UE can be configured, via dedicated RRC signaling, to a PRB different than the NB-IoT carrier on which the UE has received NB-PSS/SSS, and NB-PBCH. The UE is not expected to receive NB-PBCH, NB-PSS/SSS and any transmissions other than unicast transmissions in the RRC configured PRB. This leaves the rate matching behavior on such an RRC configured PRB ambiguous. In LTE CA, the UE is not expected to receive PBCH and any system information either, yet the LTE UE rate matches around such transmissions. One of the main motivations to introduce NB-IoT multi-carrier operation in Rel. 13 has been the reduction of overhead that is possible when NB-PSS/SSS and NB-PBCH are only configured on some PRBs whereas other PRBs can be configured via RRC configuration for unicast transmission without the need for the UE to decode NB-PSS/SSS and NB-PBCH on these PRBs. Hence, it is naturally to assume that the NB-IoT UE does not rate match around NB-PSS/SSS and NB-PBCH on PRBs which are configured via RRC signaling as otherwise the benefits of multi-carrier operation are unclear. Hence, we propose to clarify the rate matching behavior in RAN1 to make it clear that while the NB-IoT UE is not expected to receive NB-PBCH and NB-PSS/SSS in the configured PRB, it is also not required to rate match around these, i.e., it can receive NB-PDCCH or NB-PDSCH in resources that would otherwise have been reserved for NB-PSS/SSS and NB-PBCH on carriers that transmit such signals and channels.
Proposal 1: If configured for NB-IoT multi-carrier operation, the NB-IoT UE does not rate match around NB-PBCH and NB-PSS/SSS in configured unicast PRBs, i.e., the NB-PDCCH/PDSCH symbols can be mapped to REs reserved for NB-PSS/SSS/PBCH on NB-IoT carriers on which the UE can received NB-PSS/SSS, NB-PBCH and SIB transmissions.
For in-band FDD operation, it has been agreed that NB-PBCH and NB-PSS/SSS are not located in a PRB that contains LTE PBCH/PSS/SSS. The way this agreement is written it does not preclude RRC configuration of a PRB that contains LTE PBCH/PSS/SSS. Hence, it should be clarified that NB-PDCCH and NB-PDSCH can also not be received in a PRB that contains LTE PBCH/PSS/SSS.
Proposal 2: For the in-band, guard-band and standalone deployments, a UE in RRC_CONNECTED cannot be configured, via UE-specific RRC signaling, to a NB-IoT carrier which overlaps with PRBs on which LTE PSS/SSS and PBCH are transmitted.
From the agreements so far, the details for the location(s) of the different PRBs are FFS, particularly, whether or not to allow in-band to guard-band and vice versa. First of all, when the frequency separation between two NB-IoT carriers/PRBs is too large, retuning between them so the NB-IoT UE can receive a transmission at one time instance on one PRB and can receive a different transmission on a different PRB at a later time instance is expected to take longer. This is because the NB-IoT receiver first needs to perform a coarse re-tuning followed by a fine re-tuning. Hence, at least for this release, our preference is not to allow NB-IoT multi-carrier operation between NB-IoT standalone carriers and NB-IoT carriers with an LTE donor cell, i.e., in-band and/or guard-band carriers.
During eMTC discussions in LTE Rel. 13, fast re-tuning within LTE system bandwidths, e.g., to enable frequency hopping, has not been considered problematic. Hence, NB-IoT multi-carrier operation where the two PRBs originate from the same LTE donor cell (viz., from within the same LTE system bandwidth) are not considered problematic. Similarly, as the one-sided guard-band is roughly 5% of the LTE transmission bandwidth, NB-IoT multi-carrier operation where the two PRBs originate from the same one-sided guard-band is also not considered problematic. For the cases, where one PRB is in one guard-band, e.g., the one corresponding to higher frequencies, whereas the other PRB is within the LTE transmission bandwidth or the other guard-band, e.g., the one corresponding to lower frequencies, the frequency span in which the NB-IoT has to be able to perform fast re-tuning is increased by roughly 10%. For example, in the extreme case where two PRBs originate from guard-bands at each side of the LTE transmission bandwidth, the frequency span, in PRBs, increases from 100 to 110 PRBs. Pending further feedback from RAN4, we don’t see a feasibility issue with such an increase and hence propose that any combination, i.e., inband+inband, inband+guardband, and guardband+guradband should be allowed for NB-IoT multi-carrier operation with the constraint that both guard-bands and the in-band are associated with the same LTE donor cell, i.e., the total span cannot exceed 110 PRBs.
Proposal 3: Pending further feedback from RAN4, any inband and guardband combination, i.e., inband+inband, inband+guardband, and guardband+guradband, should be allowed for NB-IoT multi-carrier operation with the constraint that both guard-bands and the in-band are associated with the same LTE donor cell, i.e., the total span cannot exceed 110 PRBs. Combinations with standalone carrier are not supported. 
3 Random access procedure for NB-IoT multi-carrier operation
During the RAN1 discussions that led to the agreement to support NB-IoT multi-carrier operation in Rel. 13, questions were raised as to where the NB-IoT UE would receive a PDCCH order, if supported. Two possible proposals come to mind. For example, PDCCH orders could only be supported on carriers on which UEs receive NB-PSS/SSS and NB-PBCH. Since an NB-IoT UE is not required to monitor more than one carrier in more than PRB, this would consequently mean that an NB-IoT UE could not be configured with a different PRB and receive PDCCH orders. We don’t see a need to impose such restrictions on NB-IoT networks and hence prefer to simply treat PDCCH orders, if supported, as unicast transmissions in the scope of prior agreements. Hence, our proposal is that PDCCH orders, if supported, are always sent on the NB-IoT carrier which is configured, via UE-specific RRC signaling, for all unicast transmissions and which can be different than the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions.
Proposal 4: PDCCH order is always sent to a UE on the NB-IoT carrier which is configured, via UE-specific RRC signaling, for all unicast transmissions and which can be different than the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions.
Note that RAN2 has already agreed that the random access procedure (comprising messages 1 through 4) is performed on the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions. Hence, after the NB-IoT UE has received the PDCCH order, it needs to re-tune to the cell-specific NB-IoT UL carrier configured by higher layers (SIBx) for NB-PRACH and Msg. 3 transmission and the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions for RAR monitoring and Msg. 4 reception. After receiving Msg.4 (random access procedure success), if the NB-IoT UE supports RRC reconfiguration, it can be configured with a PRB different than the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions and similarly, for the UL, there can also be a UE specific configuration for the NB-IoT DL/UL frequency separation. If, however, the NB-IoT UE does not support RRC reconfiguration, it resumes operation, i.e., monitoring the UE-specific search space (USS), on that carrier/PRB. 
Proposal 5: After receiving Msg.4 (random access procedure success),
· if the UE receives a (new) dedicated RRC configuration (e.g. PRB, repetition level) in Msg.4 or subsequent RRC Connection Reconfiguration message), 

· UE uses the new dedicated RRC configuration (e.g. it monitors the USS in the new configured PRB)
· else

· UE uses the previous configured dedicated RRC configuration (e.g. it monitors the USS in the previously configured PRB)
4 Conclusion

In this contribution, we addressed the remaining issues for support of NB-IoT multi-carrier operation. We made the following proposals:
Proposal 1: The NB-IoT UE does not rate match around NB-PBCH and NB-PSS/SSS in configured PRBs, i.e., the mapping of NB-PDCCH/PDSCH symbols to REs occurs without consideration of NB-PSS/SSS/PBCH on PRBs different than the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions

Proposal 2: For the in-band, guard-band and standalone deployments, a UE in RRC_CONNECTED cannot be configured, via UE-specific RRC signaling, to a NB-IoT carrier which overlaps with PRBs on which LTE PSS/SSS and PBCH are transmitted.
Proposal 3: Pending further feedback from RAN4, any combination, i.e., inband+inband, inband+guardband, and guardband+guradband should be allowed for NB-IoT multi-carrier operation with the constraint that both guard-bands and the in-band are associated with the same LTE donor cell, i.e., the total span cannot exceed 110 PRBs.
Proposal 4: PDCCH order is always sent on the NB-IoT carrier which is configured, via UE-specific RRC signaling, for all unicast transmissions which can be different than the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions

Proposal 5: After receiving Msg.4 (random access procedure success),

· if the UE receives a (new) dedicated RRC configuration (e.g. PRB, repetition level) in Msg.4 or subsequent RRC Connection Reconfiguration message), 

· UE uses the new dedicated RRC configuration (e.g. it monitors the USS in the new configured PRB)

· else

· UE uses the previous configured dedicated RRC configuration (e.g. it monitors the USS in the previously configured PRB)
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