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1 Introduction
New Rel-17 work item on additional enhancements for NB-IoT and eMTC was approved at RAN#86-e and revised at RAN#88-e [1]. One of the objectives in the WID is to introduce carrier specific configuration:

· 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 following agreements were made for paging/NPRACH carrier selection improvements in the previous RAN2 meeting [2]:

	· 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


In this contribution, we focuses on paging carrier selection improvements. A general solution on paging carrier selection improvements is provided based on the outcome of the following offline discussion in RAN2#112e [3]:

· [AT112-e][302][NBIOT R17] Carrier selection (Ericsson)

2 Discussion
2.1 Coverage based paging carrier selection

2.1.1 What coverage information to use
In offline discussion [AT112-e][302], regarding what coverage information to use, the following two options were discussed:
· Option 1: RAN level information, e.g.:

·  NRSRP

· An estimated BLER for decoding NPDCCH considering a certain paging Rmax being above a certain percentage threshold, e.g. 1 or 10%, similar to what is already done for Msg3 CQI reporting.
· NPDCCH repetitions evaluated by eNB.

· Option 2: A NAS level information reflecting the service requirements/ characteristics negotiated between the UE and MME/AMF via NAS, e.g. ‘normal coverage’, etc.
According to the offline discussion, most companies prefer Option 1 as they think coverage is based on radio condition thus should be defined in RAN level. In addition, Option 2 would require more work in other working group, e.g. SA2. If RAN level coverage information is used to determine paging carrier, it can only be used in the “last used cell”.
Proposal 1: RAN level coverage information is used to determine the paging carrier in the last used cell.
2.1.2 How to determine paging carrier
Assuming proposal 1 is agreed, i.e. RAN level coverage information is used to determine the paging carrier in the last used cell, two options are mentioned in offline discussion [AT112-e][302] regarding how to determine the paging carrier:

· Option 1: the paging carrier is configured by the eNB via dedicated signalling in RRC_CONNECTED mode and/or during RRC connection establishment procedure.

· Option 2: the coverage level information is negotiated between the eNB and the UE, then the eNB and the UE use the same information to determine paging carrier according to some rules pre-defined in the specification.
In general, we think there are multiple types of RAN level information that can reflect the coverage of the UE in a cell, including the 3 options discussed in offline [AT112-e][302] and also some other information, e.g.:

· NRSRP (and NRSRQ). Already possible to be reported to the eNB

· CQI. Already possible to be reported to the eNB

· Number of NPDCCH repetitions needed for the UE to decode DCI. Can be estimated by the eNB by implementation

· Number of HARQ NACK received by the eNB for a given number of NPDSCH repetitions. Can be observed by the eNB

We think all above information can reflect the coverage of the UE in the serving cell, and all of them can be known by the eNB already (via UE reporting or by eNB implementation). In Option 2, we need to choose one information from above or define a new information. In Option 1, the eNB can consider all these information jointly and configure a paging carrier to the UE by implementation. 
Between these two options, we do not see clear benefit of Option 2, Option 1 is simpler and more flexible from the NW perspective.
Proposal 2: The eNB configures a paging carrier to the UE via dedicated signalling and the UE monitors paging on that carrier only in the last used cell.
Since this paging carrier is configured in RRC_CONNECTED mode but only used in RRC_IDLE mode, we need to discuss how to handle the configuration in IDLE mode. We think this is similar type of information as contained in the current UEPagingCoverageInformation-NB IE, which is transmitted from eNB to MME(AMF) upon RRC connection release/suspension and from MME(AMF) to eNB in S1(Ng) paging, and can be added to the container.
Proposal 3: The configured paging carrier is added to the UEPagingCoverageInformation-NB container, transmitted transparently from eNB to MME(AMF) and  provided it back to eNB in S1 (Ng) paging message.
2.1.3 Coverage change and mobility
Considering that RAN level coverage information is used to determine the paging carrier, the paging carrier may not be suitable for paging the UE in the following two cases:
· Case 1: The UE moves to another cell.
· Case 2: The coverage of the UE changes, especially if the coverage becomes worse.

For case 1, we think a simple and straightforward solution is that the UE monitors paging as in legacy (before Rel-17) in the new cell until a new paging carrier is assigned in that cell.

Proposal 4: Upon moving to another cell, the UE monitors paging as in legacy in the new cell.

For case 2, in case “coverage change” happens, we think a “default” carrier which is known by the UE and the eNB is needed to page the UE. We think the following needs to be discussed:
· How does the UE determine “coverage change”
· Which paging carrier to monitor in case “coverage change” happens

· How does the eNB know the change of paging carrier

A criterion needs to be defined for the UE to determine that “coverage change” has happened.

Proposal 5: A criterion is defined for the UE to determine whether “coverage change” has happened. Details are FFS.

In case “coverage change” happens, we think a “default” carrier, known by the UE and the eNB, is needed to page the UE. The simplest way is that the UE “falls back” to the legacy paging carrier which is selected based on UE_ID, WUS/GWUS capabilities.
Proposal 6: In case“coverage change” happens, the UE monitors paging on the carrier selected based on legacy mechanism (before Rel-17).
From the eNB perspective, there are two options to page the UE on the right carrier in case “coverage change” happens:
· Option 1: A solution for the UE to report the change of coverage to the eNB is defined. 

· Option 2: The eNB pages the UE only on the configured paging carrier at the first attempt and then pages the UE on both the configured and the “default” paging carrier.
Coverage change report has been discussed since Rel-13 NB-IoT but the conclusion was that coverage change report in RRC_IDLE should be avoided as coverage update in RRC_IDLE is complex and will cause additional UE power consumption. Thus, we think option 2 is simple and has small impact on the specification and UE.
Proposal 7: The eNB pages the UE only on the configured paging carrier at the first attempt and then on both the configured and legacy paging carrier.
2.2 DRX cycle based paging carrier selection

The motivation to have DRX cycle based paging carrier selection is assigning UE with short DRX cycle to the paging carrier with smaller Rmax to avoid CSS overlapping and improve paging latency for those UEs. If proposal 2 is agreed, i.e. the paging carrier is configured via dedicated signalling in RRC connection, the eNB can take the DRX cycle used by the UE into consideration when configuring the carrier. 
Proposal 8: It is up to eNB implementation to take the DRX cycle used by the UE into consideration when configuring the carrier.

3 Conclusion

This paper focused on paging carrier selection improvements. Corresponding proposals are listed as follows:
Proposal 1: RAN level coverage information is used to determine the paging carrier in the last used cell.
Proposal 2: The eNB configures a paging carrier to the UE via dedicated signalling and the UE monitors paging on that carrier only in the last used cell.
Proposal 3: The configured paging carrier is added to the UEPagingCoverageInformation-NB container, transmitted transparently from eNB to MME(AMF) and  provided it back to eNB in S1 (Ng) paging message.
Proposal 4: Upon moving to another cell, the UE monitors paging as in legacy in the new cell.

Proposal 5: A criterion is defined for the UE to determine whether “coverage change” has happened. Details are FFS.

Proposal 6: In case“coverage change” happens, the UE monitors paging on the carrier selected based on legacy mechanism (before Rel-17).
Proposal 7: The eNB pages the UE only on the configured paging carrier at the first attempt and then on both the configured and legacy paging carrier.
Proposal 8: It is up to eNB implementation to take the DRX cycle used by the UE into consideration when configuring the carrier.
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