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1 Introduction
According to the WID [1], RAN2 plan to introduce NB-IoT carrier selection based on coverage level. The objective is as below:
	· 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]


The support of NB-IoT carrier selection based on coverage level has been discussed in multiple meetings and the following agreements were made [2]. 
	RAN2#111-e 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.
RAN2#114-e 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 this document, we address the FFSs as per the agenda: 
For option 1, whether DRX can be part of the carrier selection criteria
For option 1, upon cell change fallbackor based on previously determined CEL

For both options whether there is a report form the UE to suggest a carrier or provide a metric report

For both options whether to use a hysteresis/ longer averaging/ timer on measured NRSRP

2 Discussion
2.1 Using DRX cycle in the selection criteria
Before discussing whether the DRX cycle can be used in the carrier selection criteria, it should be confirmed that the Rel-17 paging carriers can be configured with a different (shorter) paging cycle than the default paging cycle. This seems reasonable as the motivation for the long paging cycle in NB-IoT was the long delay between sending the paging message and receiving the paging response. With less NPDCCH and NPDSCH repetitions, the delay will be reduced and the DRX cycle can also be reduced. 

Proposal 1: For both options, Rel-17 paging carriers can be configured with a shorter paging cycle than the default cell paging cycle.

Similarly, the low value of the paging occasion density (nB) were motivated by the large number of NPDCCH repetitions and the need to avoid PO overlapping. Then, it will be reasonable to allow for larger paging occasion density (nB) on the R17 paging carriers. 
Proposal 2: For both options, Rel-17 paging carriers can be configured with a larger nB than the default cell nB.

Finally, the possible large numbers of NPDCCH repetitions and the need to avoid CSS overlapping for the UE was the reason for the introduction of parameter ue-SpecificDRX-CycleMin. Then, it will be reasonable to allow smaller UE DRX cycle (ue-SpecificDRX-CycleMin) on the R17 paging carriers.
Proposal 3: For both options, Rel-17 paging carriers can be configured with a smaller ue-SpecificDRX-CycleMin than the default cell ue-SpecificDRX-CycleMin.
Now, assuming that the above proposals are agreed, we fail to see the benefit of considering the paging carrier DRX cycle in the selection criteria. From the network point of view, there are benefits in using smaller DRX cycle as this provides more flexibility. From latency point of view, the UE will use anyway the shorter of UE specific DRX (if configured) and the carrier DRX cycle.  
Proposal 4: For option 1, the paging carrier DRX cycle is not used in the paging carrier selection criteria.
2.2 Need for a UE Report 

In last RAN2 meeting, there were proposals for the UE to report information about its coverage status to help the network in the configuration of the selection criteria (option 1) or the selection of a paging carrier (option 2). Alternatively, the UE could report its ‘preferred’ paging carrier to the eNB.

The eNB already has some knowledge of the current UE coverage level, e.g. NRSRP level derived from the NPRACH repetitions level selected during initial access and Rmax derived from the HARQ ACK rate on the downlink transmission.  The eNB can also get more accurate information through the reporting of the serving cell measurement in MSG5 and the downlink channel quality in connected mode.

The proposal for the UE to report its ‘preferred’ paging carrier does not bring any benefit compared to the reporting of the coverage status of the UE as any UE selection will be based on either NRSRP or estimated Rmax. In addition, the eNB may want to be a bit conservative or take other information into account (e.g. interferences on the downlink carriers) in the configuration of the selection criteria or the selection of a paging carrier. This would also require to introduce new signalling for this purpose.
Based on the above, we see no motivation in introducing new reporting as all the necessary tools are already available.

Proposal 5: For both options, there is no need to introduce new UE reporting to assist in the configuration of the paging carrier selection criteria / selection of the paging carrier.

If deemed needed, it may be mandated that a UE supporting coverage based paging carrier also supports idle mode cell measurement reporting and/or reporting of the downlink channel quality in connected mode. 
Proposal 6: RAN2 to discuss whether support of idle mode cell measurement reporting and/or support of the downlink channel quality report in connected mode are prerequisites for coverage based paging carrier.

2.3 Need for a hysteresis/ longer averaging/ timer on measured NRSRP
In the last RAN2 meeting, it was agreed that NRSRP will be the metric used for paging carrier selection. It was also discussed that using an ‘instantaneous’ value could lead to ping pong between paging carriers and that a ‘long term’ value should be used instead.
An adaptation of the cell reselection principle would be that the UE does not switch paging carrier if it has stayed less than [xx] seconds on the carrier. Also it seems preferable that the UE does not switch carrier within a PTW as this may have impact on the paging escalation mechanism.
Proposal 7: For both options, the UE does not switch paging carrier if it has stayed less that [xx] seconds or the duration of the PTW if longer on the current paging carrier.

Similarly, relaxed monitoring could be used as a reference for the determination of when the UE can switch to the R17 carrier.

Proposal 8: For both options, the UE switches to the R17 carrier if the NRSRP is better than the configured threshold during 5 mn or one eDRX cycle if longer.
2.4 Fallback upon cell change 
In last RAN2 meeting, it was agreed for both options that the UE falls back to the legacy carrier upon CEL change. It was also agreed to have fallback to the legacy carrier upon cell change for option 2.
In the same way that it cannot be guaranteed that the coverage will remain the same in a cell, it cannot be guaranteed that the coverage will remain the same in another cell.

To deal with the fact that the NW does not know the coverage of the UE in a cell, the NW will have to page on the two carriers after failure of the first paging attempt. This is acceptable when this is limited to a single cell but will have severe impact on the paging load and paging capacity if the NW needs to page on two carriers in every cell during paging escalation. This does not seem acceptable.

Proposal 9: For option 1, the UE falls back to the legacy carrier upon cell change.
2.5 Down-selection between the two options
Globally, there is no real difference system wise between the two options and the main difference is whether the selection process is performed both at the UE and the eNB as in option 1 or solely in the eNB as in option 2.  

Although both options are feasible, option 1 will require a lot more specification work (definition of the signalling and selection criteria) as it will have to take into account many aspects, e.g. paging carrier weight, mixed operation mode, WUS configuration, GWUS configuration etc while all these aspects can be handled/hidden in the eNB.
It was argued that option 2 will not work if the carrier configuration is changed in system information. We think this can be handled very simply by not assigning directly a carrier to the UE but a pointer that will be mapped to an actual carrier via a mapping table in system information. In case of system information change, the eNB can change the mapping or remove it in which case the UE will use the legacy mechanism.  
Proposal 10: RAN2 to agree not to pursue option 1.
3 Conclusion
In this document, we have discussed open issues for paging carrier selection options and made the following proposals:
Proposal 1: For both options, Rel-17 paging carriers can be configured with a shorter paging cycle than the default cell paging cycle.

Proposal 2: For both options, Rel-17 paging carriers can be configured with a larger nB than the default cell nB.

Proposal 3: For both options, Rel-17 paging carriers can be configured with a smaller ue-SpecificDRX-CycleMin than the default cell ue-SpecificDRX-CycleMin.
Proposal 4: For option 1, the paging carrier DRX cycle is not used in the paging carrier selection criteria.

Proposal 5: For both options, there is no need to introduce new UE reporting to assist in the configuration of the paging carrier selection criteria / selection of the paging carrier.

Proposal 6: RAN2 to discuss whether support of idle mode cell measurement reporting and/or support of the downlink channel quality report in connected mode are prerequisites for coverage based paging carrier.

Proposal 7: For both options, the UE does not switch paging carrier if it has stayed less that [xx] seconds or the duration of the PTW if longer on the current paging carrier.

Proposal 8: For both options, the UE switches to the R17 carrier if the NRSRP is better than the configured threshold during 5 mn or one eDRX cycle if longer.
Proposal 9: For option 1, the UE falls back to the legacy carrier upon cell change.
Proposal 10: RAN2 to agree not to pursue option 1.
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Step 2: Coverage based paging carrier info 

- NRSRP thresholds (NRSRP1, NRSRP2) mapping to CELi. CELi maps to list of carrier with Rmaxi
Step 5: eNB assigns a ‘minimum’ Rmax to the UE (Rmax-UE)
Step 6: UE selects R17 carrier based on its NRSRP, assigned Rmax (Rmax-UE) and the broadcast configuration:

NRSRP < NRSRP-2 ( legacy mechanism

NRSRP-2 <= NRSRP < NRSRP-1
UE selects a carrier corresponding to RMax2 if  



Rmax1 < Rmax-UE =< Rmax2

otherwise 



legacy mechanism

NRSRP-1 <= NRSRP


UE selects a carrier corresponding to RMax1 if  



Rmax-UE <= Rmax1


otherwise 



legacy mechanism
5.2 Sketch of option 2
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Step 2: Coverage based paging carrier info 

- Carrier-mapping table: Carrier-UE to Carrier-index in R17 carrier lists

Step 5: eNB assigns a pointer to a R17 paging carrier, Carrier-UE to the UE and the NRSRP threshold above which the UE can use the carrier

Step 6: UE selects R17 carrier based on its NRSRP, its NRSRP threshold (NRSRP-UE) and the carrier pointed by Carrier-UE in the broadcast information:

NRSRP < NRSRP-UE 

legacy mechanism

else 


UE selects the carrier associated to Carrier-UE 
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