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1
Introduction

Paging carrier selection based on coverage level is one of the objectives of Rel-17 NB-IOT Work Item. For this objective RAN2 agreed to down select between network configuration of paging carrier and network providing coverage level information to assist paging carrier selection. In this document we further analyse these options for different idle mode scenarios for applicability and extensions needed for the above options. 
2
Discussion 
Following are the RAN2 agreements made related to paging carrier selection based on coverage level in RAN2-114e meeting. 
	Agreements

· Rel-17 paging carriers and the legacy paging carriers should be exclusive.

· RAN2 assumes S1AP/NGAP update is not needed.

· Carrier selection criteria does not include power boosting or service
· FFS: For option 1, whether DRX can be part of the carrier selection criteria

· Rel-17 paging carrier configuration is provided in broadcast signalling.

· Select between the following sub-options:

· Option 1c: Network enables UE to select a Rel-17 paging carrier by providing the coverage information (CEL/Rmax) for the carrier selection to the UE in dedicated signalling

· Option 2a: NW indicates the carrier to use explicitly via dedicated signalling based on information determined within the NW.
· FFS for both options whether there is a report from the UE to suggest a carrier or provide a metric report

· Working assumption: UE metric for determining carrier suitability and selection is based on measured NRSRP. FFS whether to use a hysteresis/longer averaging/timer

· For option 1, upon cell change, FFS: 
· Alt 1: based on previously determined CEL and broadcasted paging carrier configuration in the new cell.

· Alt 2: UE needs to perform fallback mechanism.

· For option 2, upon cell change, UE needs to perform fallback mechanism.

· Whenever the R17 coverage based carrier criteria is met, UE uses the R17 coverage based carrier, otherwise UE should use the fallback mechanism

For both options, fall back carrier is legacy paging carrier based on UE_ID.




In RAN2-114e following common aspects are agreed related to paging carrier selection based on coverage level. 

·         Rel-17 paging carrier configuration is provided in broadcast signalling.
· Rel-17 paging carriers and the legacy paging carriers should be exclusive.
The legacy paging carriers in the above agreement indicates the set of paging carriers which can be used by legacy UE based on system information. These carriers will be configured with repetitions corresponds to maximum coverage level of the cell.  Out of Rel-17 paging carriers whether further grouping of carriers needed for coverage level based paging carrier selection or not depends on further analysis on idle mode UE coverage level distribution within cell.
The distribution of UE across different coverage level within cell considering the additional path-loss possible for indoor UE within cell coverage indicates that more than 90% of UE are in normal coverage condition and only remaining users are under extended coverage conditions. Considering the above facts and also to minimize the complexity of paging carrier selection, simple configuration of paging carriers which divides the set of carriers into two groups is proposed as basis for further discussion on paging carrier selection algorithm.

The proposed division of carriers is illustrated in the following Figure.
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Proposal 1: Division of paging carriers into two subsets of carriers each mapped to normal and maximum coverage is considered as basis for paging carrier selection.
If required and further improved benefits are justified the Rel-17 paging carriers can be further divided into two sub-groups matching the coverage level-based grouping for other common channel configurations.
Proposal 2: Optionally the Rel-17 paging carriers can be further divided into two sub-groups based on CEL.
Each group of Rel-17 paging carriers are also configured with RSRP Threshold value to enable coverage-based paging carrier selection for fallback scenarios including coverage level change and cell reselection scenarios. In these fallback scenarios UE selects the paging carrier based on the estimated RSRP value from idle mode measurements against the configured threshold value.

Proposal 3: Rel-17 paging carrier configuration should include RSRP Threshold as common parameter for group of paging carriers.

As the network uses the last known coverage level reported at the time of RRC connection release for deciding the paging carrier and repetition level for next paging occasions the UE should be configured with the information for paging carrier selection at the time of RRC connection release. For assigning the paging carrier for UE as part of dedicated signaling two options are under consideration within RAN2.  Network can configure explicit paging carrier frequency or paging carrier index in the dedicated signaling or the network provides CEL information at the time of RRC connection release as assistance information to the UE so that the UE selects the paging carrier whose RSRP threshold is closest at the time of paging monitoring.  If there are more than on paging carriers are mapped to last known CEL the UE may need to apply the UE-ID based mechanism for selection of carrier within Rel-17 paging carrier. With Network configured paging carrier this can be avoided and also network configuration enables better distribution of paging load for low mobility and stationary scenarios.

Proposal 2: Configuration of Rel-17 paging carrier via dedicated signalling is supported with the condition that the coverage level at the time of paging reception is below the RSRP threshold of the carrier group.
If the network does not configure the paging carrier explicitly via dedicated signalling UE uses the coverage level deduced based on connected mode serving cell measurements (i.e CQI) for selection of sub-group of paging carriers for next paging reception. The UE may decide the paging carrier group which is configured with repetition value closer to the latest estimated coverage level in connected mode. If network control is preferred in this case, network can assign the paging carrier group identifier in the message.
Proposal 3: UE supporting coverage level-based paging carrier selection selects the paging carrier group based on estimated coverage level at the time of RRC connection release if dedicated paging carrier is not configured.

If the CEL of the UE at the time of RRC connection release is above RSRP threshold of Rel-17 paging carriers the network need not assign paging carrier and the UE may select the paging carrier among the legacy carriers in this case. With this network implementation the scenarios which needs to be handled for paging carrier selection for radio condition changes are 

· The coverage level at PO becomes worser than the CEL threshold of Rel-17 paging carriers.

· Reselection to new cell after paging carrier assignment.

For coverage level change scenario, the UE need to switch to legacy carrier when the coverage level is above threshold assigned for Rel-17 paging carriers.  
In case of reselection to new cell, the selection of paging carrier based on CEL threshold broadcasted in system information can be used. In this case the network paging strategy for paging over non serving cells should be aligned to UE behaviour. The network should always start with the paging assuming UE would be selecting the paging carrier based on coverage level in the target cell.

Proposal 4: If the coverage condition of UE changes to higher CEL than RSRP threshold configured for Rel-17 paging carriers, UE switches to legacy carrier for paging monitoring.

Proposal 5: UE selection Rel-17 paging carrier based on RSRP threshold broadcasted for Rel-17 carriers after cell reselection is supported. 
The UE capability of paging carrier selection based on coverage level and network configuration is also informed to MME as part of radio paging capability. This information is also sent from MME to RAN when S1 Paging message is sent.  If the RAN is paging on the last connected cell, it can select the paging carrier either configured by the network earlier or based on the last known coverage level information and its mapping to CEL threshold of Rel-17 paging carrier for the first paging message. For paging escalation RAN will send the paging message only on the legacy carriers which can support highest coverage level of the cell. For sending the paging message on the non serving cell, the paging can start with Rel-17 paging carrier configured with lower CEL threshold with later paging messages sent over legacy paging carriers. If network does not implement this modified paging for coverage based carrier selection network can disable this functionality of UE
Proposal 6: Network control for coverage-based carrier selection after cell reselection via dedicated signalling is supported.
2.3 Measurements for Paging carrier selection
For coverage level-based paging carrier selection the UE decides on the paging carrier based on serving cell measurements prior to paging monitoring. For UE configured with DRX or eDRX configurations as per the idle mode requirements for cell selection /reselection , UE is expected to do serving cell measurements to find whether the current cell is suitable or not and decides to trigger cell reselection measurements based on the same. These serving cell measurements can also be used for decision on paging carrier selection. As the main intention of coverage level based carrier selection is have separate paging carriers for UE in normal coverage to minimize the impact of configuration with higher R-MAX value, the accuracy of measurements in normal coverage will be good enough to ensure the same paging carrier selection at UE and Network. Hence we don’t see further changes to consider hysteresis or multiple measurements in this scenario. 
Proposal 7:  RAN2 to Confirm the Working assumption: UE metric for determining carrier suitability and selection is based on measured NRSRP as agreement.
2.4 DRX based carrier selection 

Division of paging carriers for normal and extended coverage already enable configuration of different DRX cycle value for UE in normal coverage condition and extended coverage scenarios. In this case when the configured UE specific DRX cycle is not supported in legacy paging carriers when the UE switches to these carriers due to coverage condition changes UE also implicitly switches to the DRX cycle of RAN configured for these carriers.
Support of further grouping of paging carriers for different DRX cycles will complicate the paging carrier selection algorithm at UE which needs to select carrier based on combination of both aspects and fallback carriers also needs to consider the combination of coverage and DRX cycle. To minimize the impact of the interworking simultaneous configuration of coverage level and DRX based paging carrier selection should not be allowed.

Proposal 8: Carrier selection based on combination of DRX and coverage level is not supported.

Proposal 9: RAN2 can consider DRX based carrier selection when coverage based paging carrier selection is not configured.

3
Summary
Following are the observations and proposals made based on the analysis of solution options for coverage level-based paging carrier selection considering different idle mode mobility scenario.
Proposal 1: Division of paging carriers into two subsets of carriers each mapped to normal and maximum coverage condition is considered as basis for paging carrier selection.
Proposal 2: Optionally the Rel-17 paging carriers can be further divided into two sub-groups based on CEL.
Proposal 3: UE supporting coverage level-based paging carrier selection selects the paging carrier group based on estimated coverage level at the time of RRC connection release if dedicated paging carrier is not configured.

Proposal 4: If the coverage condition of UE changes to higher CEL than RSRP threshold configured for Rel-17 paging carriers, UE switches to legacy carrier for paging monitoring.

Proposal 5: UE selection Rel-17 paging carrier based on RSRP threshold broadcasted for Rel-17 carriers after cell reselection is supported. 
Proposal 6: Network control for coverage-based carrier selection after cell reselection via dedicated signalling is supported.
Proposal 7:  RAN2 to Confirm the Working assumption: UE metric for determining carrier suitability and selection is based on measured NRSRP as agreement.
Proposal 8: Carrier selection based on combination of DRX and coverage level is not supported.

Proposal 9: RAN2 can consider DRX based carrier selection when coverage based paging carrier selection is not configured.
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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. 
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