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1 Introduction
In RAN#88, a WI on additional enhancements for NB-IoT and LTE-MTC was approved [1] and one major objective was agreed for NB-IoT in the following:
	· 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 the previous meeting, the following agreements were made:

	RAN2#113e:

· 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：
· Working assumption: UE metric for determining carrier suitability and selection is based on measured NRSRP. FFS whether to use a hysteresis/longer averaging/timer
· FFS: For option 1, whether DRX can be part of the carrier selection criteria

· 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.

· 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.




In this contribution, we will continue to discuss on the method of enhanced paging carrier selection and the related issues.
2 Discussion
2.1 Paging carrier selection method 
In Rel-16, the issue regarding CSS overlapping when the UE with short DRX cycle suffers in extreme coverage was discussed. If carrier specific DRX cycle and carrier specific enhanced coverage level are configured, such issue would be significantly alleviated due to that the UE suffers in extreme coverage can be allocated to the carrier with relatively long DRX cycle. 

In addition, the parameter npdcch-NumRepetitionPaging is strongly correlated to enhanced coverage level. That is, the good coverage usually needs to be configured with small npdcch-NumRepetitionPaging. The UE with good coverage can be allocated to the carrier with short DRX cycle and small npdcch-NumRepetitionPaging, which would benefit to decrease paging latency due to that the UE would be possible to early receive the paging message on NPDSCH after fast completing fewer repetition transmission on NPDCCH by eNB.   

As mentioned above, the paging related parameters (e.g., DRX cycle, npdcch-NumRepetitionPaging, CE level) are interconnected. Therefore, it is reasonable to configure DRX cycles corresponding to a certain CE level. In detail, a set of carriers configured with one certain CE level can be configured with same npdcch-NumRepetitionPaging and one or more kinds of DRX cycle with the limitation by a minimum.  As long as the minimum DRX can meet the paging repetition with the configured value of npdcch-NumRepetitionPaging, a set of DRX value can be configured for these carriers. The UE with a certain CE level can further select a corresponding carrier based on DRX cycle.
Proposal 1：The DRX should be part of the carrier selection criteria.
Proposal 2: Combine DRX cycle with CE level for carrier selection criteria.
2.2 Coverage level determination 
The UE can determine the CE level based on the configured NRSRP threshold and the measured NRSRP. The issue how to get a valid NRSRP value is left over. Some company think it is better to use an average value of NRSRP to determine CE level.  
Even if the value of NRSRP is calculated with multiple measurement result, it is still hard to ensure its availability in the following long period of time. Meanwhile, much power will be consumed for multiple measurement. Due to that the UE can check whether its CE level changes or not compared to the last determined CE level, when the UE finds its CE level changes, the UE can perform fallback operation, it will not lead to any serious consequence. 
Proposal 3: The CE level can be determined by the configured thresholds and the transient measured NRSRP. 
2.3 Upon cell change, paging carrier determination
For option 1, upon cell change, there are two alternative operation:
Alt 1: Based on previously determined CEL and broadcasted paging carrier configuration in the new cell.
Alt 2: UE needs to perform fallback mechanism.
It cannot be denied that the CE level might remain unchanged with a certain probability over a period of time. When the CE level does not change, upon cell change, the paging carrier can be selected by the new configuration and the previously determined CE level. The UE can get the benefit from enhanced paging mechanism. Even if CE level change, if the CE level become better, the paging carrier can be selected by the new configuration and the previously determined CE level. The UE still can get the benefit from enhanced paging mechanism. When the CE level deteriorate, if it fails in paging, it will start to perform fallback mechanism. Though it will lead to some paging resource consumption, the UE can get maximized benefit from enhanced paging. Overall we think it is better to select a paging carrier based on previously determined CEL and broadcasted paging carrier configuration in the new cell.
Proposal 4: Upon cell change, UE selects a paging carrier based on previously determined CEL and the broadcasted paging carrier configuration in the new cell. 
2.4 Compare between the two options for paging carrier selection
In the previous meeting, it agreed to select between the two options for paging carrier selection:

	· 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. 


In order to make a decision on this selection, we can make the compare in the following issues:

Issue 1: Combination with other parameters for paging carrier selection/assignment
From the previous discussion, the DRX-based paging carrier selection may be considered. Therefore, for the two options, we can compare which one is early to combine with it to determine a paging carrier. 
For option 1, the combination with DRX cycle based paging carrier selection is easier to be achieved by a predefined rule, which is stated in section 2.1. For option 2, when the network assigns a paging carrier for a UE, it can take the DRX into consideration together with other parameters, and then it can get a similar effect as that in option 1.
Issue 2: load balancing
For option 1, it achieves load balancing between the carriers configured with different coverage level through the configuration of paging carrier. Also, it is good for the load balance between the paging carriers configured with the same coverage level. For option 2, it is hard to uniformly distribute the UE to the carriers with the same coverage level or the carriers configured with different coverage level.

Therefore, from the aspect of load balancing, we can find option1 is better for achieving load balancing.
Issue 3: Fallback mechanism

For option 1, if the coverage level changes, the network can still pages the UE based on the previously determined coverage level. After failing in paging, it would perform fallback operation. Even if the serving cell changes, the network can still pages the UE based on the previously determined coverage level. After failing in paging, it would perform fallback operation. 

For option 2, when the serving cell changes, it would directly perform fallback mechanism. In the serving cell, even if the coverage level changes, it would not perform fallback operation and keep paging the UE based on the previously assigned carrier via a dedicated signalling.
Therefore, from the aspect of fallback mechanism, we cannot find which one is much better or much easier. Issue 4: Impacts on specification
For option 1, it would impacts on the specification at least in the following aspects:

· Define the formula of paging carrier selection.

· Obtain the information of coverage level.

· Fallback operation.

For option 2, it would impacts on the specification at least in the following aspects:

· Assign paging carrier via a dedicated signalling.

· Match relationship between assigned carrier and configured carrier especially when SIB updates.

· S1 interface paging impact.

· Fallback operation.

From the aspects of the complexity and standard impacts, it can be found that option 1 is simpler and/or has smaller standard impacts.

Based on the compare from the above aspects, option 1 is much better than option 1 in the aspects of load balancing and impacts on specification. 

Proposal 5: The method of paging carrier selection based on a rule configured by the network is preferred.
3 Conclusion

In this contribution we discuss the issues of multi carrier selection, and made the following proposals:
Proposal 1：The DRX should be part of the carrier selection criteria.
Proposal 2: Combine DRX cycle with CE level for carrier selection criteria.

Proposal 3: The CE level can be determined by the configured thresholds and the transient measured NRSRP. 
Proposal 4: Upon cell change, UE selects a paging carrier based on previously determined CEL and broadcasted paging carrier configuration in the new cell. 

Proposal 5: The method of paging carrier selection based on a rule configured by the network is preferred.
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