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1
Introduction

The objectives of  Rel-17 WI [1] for additional enhancements to NB-IOT/LTE-M which have the RRC signalling changes are the primary impact are given below.
· Specify signaling for neighbor cell measurements and corresponding measurement triggering before RLF, to reduce the time taken to RRC reestablishment to another cell, without defining specific gaps. [NB-IoT] [RAN2, RAN4].

· Introduce support for NB-IoT carrier selection based on the coverage level, and associated carrier specific configuration (e.g. maximum repetitions UL/DL, DRX configurations, etc.). [NB-IoT] [RAN2, RAN3]
In this document we further analyse the scenarios for carrier selection based on coverage level and high level signalling impacts for potential solutions. 
2
Discussion 
Multi carrier support for NB-IoT is introduced in Rel-14 where NB-IoT serving cell will support non anchor carriers which will not transmit PSS/SSS and PBCH. Idle mode UE can camp onto any of the carriers including non anchor carrier based on the UE-ID and number of non-anchor carriers supported in the cell. For random access also the UE selects one of the carrier for initial access based on internal algorithm where UE-ID is also used to distribute the UE. In addition the UE can be redirected to any carrier as part of Msg4 or later for load balancing in connected mode.  Further enhancements for multi-carrier system such as CQI reporting and relaxed monitoring based on non anchor carrier measurements to improve the multi carrier operation.

As per current specifications, each non anchor carrier can be configured with independent repetition levels for common search spaces for paging and random access response. The uplink configuration for each RACH partition of CEL also con be configured independently for each carrier.  The number of CE levels are configured as common parameter for all carriers along with the Preamble repetition level for each CE level and CEL threshold for selection of CEL.

Carrier selection for idle mode monitoring is based on UE-ID in existing system. Eventhough the maximum repetitions for different non anchor carriers can be configured differently, the selection of carrier for paging monitoring is based on UE-ID and weight-based selection of non anchor carrier.  
The WID objective proposes additional carrier selection mechanisms based on CEL ,maximum number of repetitions configured in each carrier and DRX configurations.
Carrier Selection based on CEL

CEL based carrier selection will be beneficial to avoid the false wake-up of UE in lower CEL whenever paging is sent for higher CEL if all of the UE are monitoring same search space. With UE in higher CEL configured to monitor different CEL, above issue can be mitigated. But if the UE is non stationary it is possible that the last known CEL to the network and current CEL of the UE when monitoring the paging will be different. 
The UE can be forced to monitor the carrier based on last reported CEL on its paging occasion irrespective of actual coverage level. In this case, if the maximum repetition level configured in this carrier does not support number of repetition corresponds to the current CEL of the UE, the UE may not receive the paging in this paging occasion. The UE may consider switching to carrier corresponds to next CEL for the next paging occasion. But this may not work well as the paging repetition and CEL selection for paging repetition is not known to UE.

Observation 1: For CEL based carrier selection for paging needs to address issue associated with CEL mismatch and network and UE during paging procedure.
For uplink access, it is possible to configure the CEL supported in each of the carrier independently. This will require the configuration of CEL and carrier mapping in system information. Individual non-anchor configurations also only need to support RACH configurations associated with the supported CEL.

Increase in CEL for RACH retransmissions based on the number of RACH attempt failure will lead to UE switching to new carrier for starting the RACH Access.
Observation 2: For CEL based carrier selection for uplink access is possible with additional configuration of CEL to carrier mapping in system information.

Carrier Selection based on DRX Configuration and other aspects
Reserving separate carrier for DRX and eDRX UE enable distributing the UE which are frequently paged into specific carriers and infrequently paged UE to other carriers. This mechanism allows the Rel-16 UE which supports UE specific DRX cycle can be configured to one of the carrier of the cell where other normal UE which supports extended coverage mapped to other carrier. With this configuration there will not be any limitation on the supported UE specific DRX configuration within cell.

The paging carrier selection mechanism needs to be modified based on DRX or eDRX configuration along with other parameters used for carrier selection purpose. The weight based selection should be considered within the set of carriers having same DRX or eDRX configuration.

Number of carrier groups based on DRX configuration should be limited to maximum 3-4 groups to minimize the complexity in the configuration and also selection algorithm at UE. 
Observation 3: DRX Configuration based carrier selection can be restricted to 3-4 group of configurations to minimize the signaling impacts and paging monitoring algorithm.
The false wake-up issue related to mobility UE in non serving cell can also be mitigated if the carrier selection also considers the whether the paging is for the last connected cell or other cells. RAN2 can further investigate the possibility to extend the carrier selection algorithm based on whether it is first or repeat paging. This selection mechanism is needed along with WUS configuration.

Observation 4: Carrier selection based on mobility profile may be beneficial to avoid false-wake-up issue.

Support of carrier selection based on multiple types in the same system may lead to some restrictions or complications in the carrier selection algorithm for UE depending on the carriers configured for different types. For example if carrier which is configured for CEL-0 does not support eDRX configuration it may lead to UE with eDRX configuration not able to camp onto the cell. To avoid this issue the system should support at least one carrier where the UE can camp as default carrier when it could not select carrier satisfying different criterias.
Observation 5: Support of multiple carrier selection options in the same cell may lead to UE camping issues to the cell depending on the configuration.
Proposal : RAN2 to discuss and agree on support of more than one carrier selection option in the same cell and also identify fallback mechanism for UE to select default carrier for camping.
3
Summary
In this discussion paper we analyse the carrier selection for NB-IoT UE based on different configuration parameters. We make following assumptions and proposals based on the analysis.
Observation 1: For CEL based carrier selection for paging needs to address issue associated with CEL mismatch and network and UE during paging procedure.
Observation 2: CEL based carrier selection for uplink access is possible with additional configuration of CEL to carrier mapping in system information.

Observation 3: DRX Configuration based carrier selection can be restricted to 3-4 group of configurations to minimize the signaling impacts and paging monitoring algorithm.

Observation 4: Carrier selection based on mobility profile may be beneficial to avoid false-wake-up issue.

Observation 5: Support of multiple carrier selection options in the same cell may lead to UE camping issues to the cell depending on the configuration.
Proposal : RAN2 to discuss and agree on support of more than one carrier selection option in the same cell and also identify fallback mechanism for UE to select default carrier for camping.
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