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1 Introduction

Enhancements to NB-IoT WID[1] included Non-Anchor PRB enhancements for NPRACH and paging:

	Non- Anchor PRB enhancements
· Support transmission of NPRACH on a non-anchor NB-IoT PRB [RAN2,RAN4] 

· Support transmission of paging on a non-anchor NB-IoT PRB [RAN2, RAN1,RAN3]


The support for NPRACH on non-anchor carriers requires enhancements so the UE and eNB can synchronize which carriers are available for NPRACH, their parameters, and which carriers are used for which messages in the RACH procedure. In this contribution we examine the enhancements required. 

2 Discussion
2.1 NPRACH Configuration
To support the RACH procedure on non-anchor carriers, NPRACH resources need to be made available on non-anchor carriers as well as the anchor carrier.
Rel-13 supports NPRACH resources only on the anchor carrier, and these resource should be maintained so that Rel-13 UEs can be supported as well as UEs that support NPRACH on non-anchor carriers.

Proposal 1: One or more additional carriers can be configured with NPRACH resources, in addition to the anchor carrier.
As any carrier can be configured with NPRACH resources for the UE to select therefore they need to be broadcast by the eNB in the system information. In NB-IoT SystemInformationBlockType2-NB is used to broadcast NPRACH parameters.  For NPRACH on non-anchor carriers the additional configuration information could be broadcast in extensions to SystemInformationBlockType2-NB or a new system information block.

Proposal 2: NPRACH resource configuration for non-anchor carriers is broadcast by system information.
In Rel-13 the NPDCCH configuration for the common search space on the anchor carrier (period offset, starting subframe for the CSS, etc) is included in the NPRACH configuration. The NPDCCH configuration on the non-anchor carriers maybe different to the anchor carrier, therefore the NPDCCH configuration for the non-anchor carrier should also be included in system information.
Proposal 3: The NPDCCH configuration for the common search space is configured by system information for non-anchor carriers with NPRACH resources.

In addition to the parameters related to the RACH procedure, the configuration parameters of the non-anchor carrier (e.g. UL/DL carrier frequency, deployment dependent information, physical channel configuration) should also be provided in the system information. 
Proposal 4: The configuration of the non-anchor carriers with NPRACH resources is provided by system information.

2.2 Random Access Procedure

The RACH procedure can be initiated by the UE for connection setup, or can be performed while in connected more, for example triggered by a PDCCH order or scheduling request. In both cases the UE can select which carrier with NPRACH resources to choose.
In Rel-13 the UE can perform RACH on the anchor carrier, and be configured with a non-anchor carrier. To support RACH on non-anchor carriers the same procedures can be used, instead of using the anchor carrier for RACH, another non-anchor carrier can be used instead. 
Examples for when to switch are shown in the next sections to illustrate the mechanism.
2.2.1 RACH for Connection Setup
When the UE initiates the RACH procedure it will receive system information from the anchor carrier.  It then uses a carrier with NPRACH resources for the RACH procedure.

The UE performs the RACH procedure towards a carrier with NRPACH resources, and is redirected to another carrier in RRC Connection Setup, using the existing mechanism.

Figure 1 shows an exemplary sequence for a UE using the anchor carrier for system information reception, then using a carrier with NPRACH resources followed by being redirected to a another carrier. In the example different carriers are shown to illustrate the procedure, however they don’t all need to be different carriers.
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Figure 1 Exemplary UE RACH procedure for Connection Setup
2.2.2 Connected Mode RACH
When the UE performs RACH in connected mode it uses a carrier with NPRACH resources for the RACH procedure. If the UE has been configured with a different carrier it can then return to its configured carrier using the existing Rel-13 procedure (ie Msg4 grant is for the “non-anchor” carrier).
Figure 2 shows an exemplary sequence for a UE performing connected mode RACH and returning to its original carrier. In the example different carriers are shown to illustrate the procedure, however they don’t all need to be different carriers.
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Figure 2 Exemplary Connected Mode RACH (initiated by PDCCH order)
2.2.3 Switching Carrier
As can be seen from the previous sections the mechanism for when to change carrier can be reused, with the only difference being carrier is used for RACH ie for the purposes for when to switch during the RACH procedure the carrier with NPRACH resources could considered to be the anchor in the existing procedures.
Proposal 5: The existing mechanisms for when to switch from an anchor carrier to a non-anchor carrier during the RACH procedure are reused for when RACH is performed on a non-anchor carrier.

3 Conclusion

This contribution makes the following proposals to support NPRACH on multiple non-anchor carriers and discusses the complete NPRACH procedure when multiple NPRACH carriers are available:

Proposal 1: One or more additional carriers can be configured with NPRACH resources, in addition to the anchor carrier.
Proposal 2: NPRACH resource configuration for non-anchor carriers is broadcast by system information.
Proposal 3: The NPDCCH configuration for the common search space is configured by system information for non-anchor carriers with NPRACH resources.

Proposal 4: The configuration of the non-anchor carriers with NPRACH resources is provided by system information.

Proposal 5: The existing mechanisms for when to switch from an anchor carrier to a non-anchor carrier during the RACH procedure are reused for when RACH is performed on a non-anchor carrier.
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