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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 discuss the benefits of paging carrier selection based on CEL and the solution overview.
2
Discussion 
In RAN2-113e meeting, for paging carrier selection based on CEL network assignment of paging carrier and UE selection of paging carrier are further considered for evaluation. 
The main benefit of introducing paging carrier selection based on coverage level is to enable the network to configure different carriers with different values for maximum repetition for paging search space. With this configuration, it is possible to separate the paging search space for UE in normal coverage and UE in extended coverage conditions. With this separation network the resource efficiency for sending paging for UE in different coverage condition over same paging occasion can be improved.  Moreover having dedicated paging carrier for UE in normal coverage also enable configuration of more number of paging occasions for these UE to improve the false-wake up performance which is not possible when the same paging carrier is configured for UE in all coverage condition. Because the NB value for paging configuration depends on the Rmax of search space. If the network configures all the paging carriers with same Rmax and NB values, no major benefits foreseen for network resource usage or device energy efficiency perspective.
Proposal 1: Carrier specific configuration of Rmax and NB value should be supported as pre-requisite for paging carrier selection.
In current system, first paging after the UE moving to IDLE state is sent by network based on last known cell and coverage level in terms of number of repetitions required for NPDCCH reception. If the coverage level does not change from the time of connection release to first paging message both of the options will work well as the UE and network would select same paging carrier for the paging. 

Observation 1: UE behavior for both options of paging carrier selection is same for low mobility or stationary scenarios. 
In case if the network configures more than one carrier with lower number of repetitions for paging UE in normal coverage, the network selection of paging carrier will be beneficial for network to distribute the idle mode paging load across the carriers for dynamic load balancing of paging load.

Observation 2: Network selection of paging carrier configured with same repetitions have additional advantage of dynamic load balancing for paging load.

If cell supports paging carrier selection based on coverage level, at least one of the non-anchor carriers of the cell should be configured with lower number for Rmax value to achieve benefits of separating paging for device normal and extended coverage. For UE reselecting to this cell, the UE have two options for its paging carrier selection. The UE need to choose a set of paging carriers whose Rmax is closest its coverage level OR it may choose the set of carriers configured with maximum number of repetitions as similar to anchor-carrier. Both of this behavior is different from current specification. Hence the UE behavior on cell change after the paging carrier assignment from last cell should be specified. Fallback to legacy paging carrier selection is not applicable in this scenario.

Proposal 2: UE behavior on reselection to cell configured with different Rmax value should be specified. Existing UE based paging carrier selection is not applicable in this scenario.
In case of cell change after the initial paging carrier selection if the new cell supports paging carrier configuration with different number of Rmax and NB for non-anchor carriers, the UE can select the paging carrier based on its current coverage level in the new cell. For cell change scenario, UE selection of paging carrier based on number of repetitions should be supported to extend the benefit of paging carrier selection in new cell. Assuming the coverage level does not change drastically for UE in normal coverage both UE and network can fallback to coverage-based paging carrier selection considering the last known coverage level as basis for paging in new cell.
Proposal 3: For cell change scenario, UE selection of paging carrier based on required number of repetitions should be considered as fallback option.

There may be some cases where the cell changes also impact coverage level change. In such cases the fallback to UE selection of paging carrier based on coverage level may lead to delay in paging response and excessive paging retransmission. As the mobility characteristics can be configuration or subscription parameter, CN can indicate whether the paging transmission in cell other than last connected cell can use coverage level based paging carrier selection or legacy scheme in the paging message to RAN and also negotiate the same with UE. In this case the paging carrier selection after cell change is configurable by network.

Proposal 3: Network configuration of fallback option for paging carrier selection after cell change should be considered.

In case of coverage level change within same cell the impact for paging reception due to paging carrier selection depending on the coverage level change direction. If UE moves to higher coverage level than the coverage level last known to the network, network configured paging carrier option will not work. Because the UE will not be able to successfully decode paging message on the assigned carrier whose maximum repetition is lesser than required. In this situation there is no escape mechanism unless some clearly defined fallback mechanism which is properly synchornised between UE and network. 
For the coverage level change scenario, if the selects paging carrier based on required repetition level corresponds to the coverage condition, the UE may continue to monitor this paging carrier with higher number of repetitions. When network sends paging message with higher number of repetitions the UE may be able to receive the paging message in this case without any additional definition of fallback mechanism.

Proposal 4: For coverage level change scenario, UE based paging carrier selection works for receiving the paging message without additional specification changes.

3
Summary
We analyse the paging carrier selection options in this discussion paper. We make following observations and proposals.
Proposal 1: Carrier specific configuration of Rmax and NB value should be supported as pre-requisite for paging carrier selection.
Observation 1: UE behavior for both options of paging carrier selection is same for low mobility or stationary scenarios. 
Observation 2: Network selection of paging carrier configured with same repetitions have additional advantage of dynamic load balancing for paging load.

Proposal 2: UE behavior on reselection to cell configured with different Rmax value should be specified. Existing UE based paging carrier selection is not applicable in this scenario.

Proposal 3: For cell change scenario, UE selection of paging carrier based on required number of repetitions should be considered as fallback option.
Proposal 4: Network configuration of fallback option for paging carrier selection after cell change should be considered.
Proposal 5: For coverage level change scenario, UE based paging carrier selection works for receiving the paging message without additional specification changes.
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Appendix: RAN2 Agreements for Carrier Selection 

RAN2-111e- Agreements

· Paging carrier selection Improvements based on CE level is considered

· Paging carrier selection Improvements based on DRX cycle may be considered

· whether DRX cycle is considered as part of CE level (Rmax) or can be also considered separately

· Enhancements for NPRACH Carrier selection carrier may be considered

· Paging carrier selection Improvements solely based on WUS or GWUS is not considered

· FFS service based

RAN2-113-e Agreements:

· Select between one of the options:

· Option 1: UE selects a paging carrier based on a rule configured by the network

· Option 2: NW configures a specific paging carrier

· Working assumption: For both options, when coverage changes, mechanism that requires UE to report the update of coverage is not introduced. 

