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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]


And currently we have two options for further discussion on paging carrier selection, the basic description of these two solutions are as follows:
	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.


Before we discuss how to make down selection, we need to further clarify how these two solutions work. 
According to the agenda, the following points should be addressed.

How does NW configure/enable (dedicated, broadcast signalling?)

How does UE select carrier, based on what criteria and metrics?

What happens upon cell change?

What happens upon coverage change?

Details of the fallback carrier(s).
2 Discussion
2.1 How does NW configure/enable (dedicated, broadcast signalling?)
Based on the email discussion in RAN2#113bis-e [2] it was observed that both solutions 1 and 2 could use dedicated and broadcast signalling, however this question should be treated in 2 parts. While it is true that both options could provide some or most of the configuration information (e.g. list of carriers, selection criteria) via broadcast signalling the main question regarding the operation of the feature is whether and how dedicated signalling should be used to explicitly enable the functionality per UE. What is provided in broadcast signalling is a secondary issue.
For option 2 it is clear that dedicated signalling is a necessary part of the solution, because the network provides a paging carrier in dedicated signalling explicitly. Whether this is a reference to a list of broadcast carriers or an explicit carrier can be further considered. There are 2 suggested sub-options from previous papers and discussion.

· NW explicitly configures a carrier based on information within the NW
· NW explicitly configures a carrier based on UE metric reported.

For option 1 it is less clear, based on the company responses in [2]. There appears to be 4 main options for option 1 from previous meeting contributions and discussions.

· No dedicated signalling, UE selects a carrier based on broadcast criteria only.

· Network enables UE to select a R17 paging carrier by enabling per UE in dedicated signalling.
· Network enables UE to select a R17 paging carrier by providing the coverage information (CEL/Rmax) for the carrier selection to the UE in dedicated signalling.

· Network explicitly confirms a suggested paging carrier based on a UE report.

From the above, it seems that we have to select between 6 sub-options overall. 

Proposal 1: RAN2 to select between the following options:

· Option 1a: No dedicated signalling, UE selects a carrier based on broadcast criteria only

· Option 1b: Network enables UE to select a R17 paging carrier by enabling per UE in dedicated signalling.
· Option 1c: Network enables UE to select a R17 paging carrier by providing the coverage information (CEL/Rmax) for the carrier selection to the UE in dedicated signalling
· Option 1d: Network explicitly confirms a suggested paging carrier based on a UE report.

· Option 2a: Network provides the carrier explicitly via dedicated signalling based on information determined within the NW.
· Option 2b: Network provides the carrier explicitly via dedicated signalling based on additional UE metric report.

Once the above has been discussed, we can also consider whether all or part of the configuration is provided by broadcast signalling. For some options it is clearer than others. For option 1a all of the information is provided by broadcast signalling. For other options it can be further discussed exactly what is broadcast and what is signalled per UE.

Proposal 2: Further details of what is provided in broadcast signalling is FFS.
2.2 How does UE select carrier, based on what criteria and metrics?
Based on the discussion in [2] there seems to be 2 main candidates for UE metric: RSRP or Rmax estimate. 
For option 1 (including a, b, d discussed above) the UE, in our understanding, would perform selection of the R17 paging carrier based on comparing the RSRP measurement or Rmax estimate against a signalled carrier specific threshold. For option 1c the UE does not select a carrier based on any metric determined by the UE measurement but rather selects a carrier based on the network configured value of Rmax – we note that for the same cell case, and if the selection method always results in the same carrier being selected, then this option could potentially be considered as a sub-option of option 2, because the network specifies the carrier to use. Then the UE would either automatically select the carrier (option 1a), wait for configuration that the selection is allowed (option 1b), select the carrier specified by the NW provided Rmax (option 1c), or report the selected carrier to the eNB and wait for confirmation (option 1d). Whether the metric needs to be explicitly reported can be further discussed, but we assume that it is sufficient to report a carrier preference at most.
For option 2b, it is fairly clear that the UE provides the reported metric to the eNB and eNB selects a carrier based on the reported information and/or other information available in the NW. It should also be noted that the UE report is an optional part of option 2, in option 2a the network configures a carrier based on internal information without any additional reporting from the UE - the eNB may for example provide a paging carrier based on information such as whether UE is coverage restricted, then no report needs to be taken into account because the UE will use the configured carrier unless it is not suitable and otherwise will use the legacy carrier. 
However, regardless of solution option for selecting the R17 carrier, the criteria for determining whether the configured carrier is suitable or not (and hence whether fallback needs to be initiated) still depends on a metric in the UE – either RSRP or Rmax.

Proposal 3: UE metric for determining carrier suitability and selection is based on one of the options

· Option 1: measured RSRP 
· Option 2: estimated Rmax

Proposal 4: Whether the UE reports the metric explicitly to the network is FFS.
2.3 What happens upon cell change?

After UE performs cell reselection, it should read SIB22 and determine the paging carrier based on UE-ID according to legacy
With all of the solutions 1b, 1d, 2a, 2b, the UE should continue to use the legacy method of paging carrier selection until the eNB enables R17 paging carrier selection via dedicated signalling. With option 1a or 1c the UE would automatically select the paging carrier based on R17 broadcast information. 

Proposal 4: When the UE (re)selects a new cell:

· For solution 1a the UE selects a paging carrier based on the broadcast information in the new cell.

· For solution 1c, the UE selects a paging carrier based on the broadcast information in the new cell using the coverage information (CEL/Rmax) assigned by the eNB in the previous cell.
· For solutions 1b, 1d, 2a and 2b the legacy paging carrier is used until dedicated signalling is received to indicate otherwise.
2.4 What happens upon coverage change?

For all solutions we assume the UE continuously monitors the coverage of the configured paging carrier(s). 
We assume that in the case of a single R17 paging carrier then the carrier will either be suitable and UE will use it, or will not be suitable and the UE uses the fallback carrier. In the case of multiple options for the configured paging carrier we assume that either the carriers will all have the same coverage criteria and UE selects one of them based on UE-ID, or that each carrier has its own criteria and the UE selects the best one according to the coverage, similar to coverage based barring. In principle all of these options could be allowed via configuration.
If the coverage deteriorates such that the UE has to use the fallback carrier, then the coverage improves again while the UE is in idle mode such that the R17 carrier becomes suitable again, there is no reason to prevent the UE starting to use that carrier again. Based on the working assumption that the UE does not report coverage change to the eNB, the eNB would still attempt to page according to the R17 carrier. 
Proposal 5: For all options, the UE selects a R17 paging carrier if it is deemed suitable according to the selection criteria, otherwise the UE selects a fallback carrier. 
Proposal 6: The selection criteria is based on comparing the RSRP or Rmax to a configured threshold.

Proposal 7: For all options, discuss whether multiple R17 paging carriers can be configured, and if so whether the UE selects the best one according to the configured criteria/threshold and/or whether UE-ID is used.
2.5 Details of the fallback carrier

In R17, the assumption is that some new carriers will be configured with a smaller Rmax, so these carriers will not be able to reach all UEs. If a UE that was previously in good coverage and using a carrier with smaller Rmax finds that the carrier is no longer suitable according to the selection criteria, then it may no longer be able to receive paging on this carrier and therefore needs to choose another carrier where it can receive paging.
In general the 'legacy' carriers are dimensioned such that they can reach all UEs. To avoid further complicating the design, we assume the fallback carrier is to monitor paging carrier based on UE_ID i.e. legacy unless any strong need is identified to define a specific R17 fallback carrier. However, it has also been proposed that the fallback carrier is configured by the network so we propose to discuss and decide which of those options to use.
Proposal 8: UE uses legacy paging carrier if the R17 paging carrier is determined to be no longer suitable.
Proposal 9: Discuss whether the legacy scheme is used for selecting the fallback carrier (i.e. based on UE-ID) or whether the network configures a specific carrier to use.

3 Summary

Based on the analysis above, we can compare how the solutions differ in terms of the questions asked according to the agenda.
	
	Dedicated signalling
	Cell change carrier selection mechanism
	Paging carrier mismatch between UE and NW in case of cell change
	UE Metric for configuring/selecting the R17 paging carrier
	Coverage change
	UE metric for fallback
	Fallback carrier

	Solution 1a
	No
	R17 broadcast configuration
	Yes
	RSRP or Rmax?
	R17 carrier if criteria satisfied otherwise fallback
	RSRP or Rmax?
	Legacy scheme or configured carrier?



	Solution 1b
	Yes
	Legacy
	No
	RSRP or Rmax?
	R17 carrier if criteria satisfied otherwise fallback
	RSRP or Rmax?
	Legacy scheme or configured carrier?



	Solution 1c
	Yes
	R17 broadcast configuration with parameter configured by a previous cell.
	Yes
	N/A 
	R17 carrier if criteria satisfied otherwise fallback
	RSRP or Rmax?
	Legacy scheme or configured carrier?



	Solution 1d
	Yes
	Legacy
	No
	RSRP or Rmax?
	R17 carrier if criteria satisfied otherwise fallback
	RSRP or Rmax?
	Legacy scheme or configured carrier?



	Solution 2a
	Yes
	Legacy
	No
	N/A
	R17 carrier if criteria satisfied otherwise fallback
	RSRP or Rmax?
	Legacy scheme or configured carrier?



	Solution 2b
	Yes
	Legacy
	No
	RSRP or Rmax?
	R17 carrier if criteria satisfied otherwise fallback
	RSRP or Rmax?
	Legacy scheme or configured carrier?




Table 1: Comparison of solutions
Observation 1: All solutions include some degree of UE autonomous carrier selection (i.e. at least select the R17 carrier according to the selection criteria, otherwise select the fallback carrier to address the coverage change)

Observation 2: All solutions except 1a include an aspect of network control (i.e. at least enable via dedicated signalling) 

Observation 3: For solutions 1c and 2a the UE selects a carrier based on a NW configured parameter while other solutions rely on UE measurement/metric estimate.

Observation 4: Solutions 1a and 1c pose the risk of carrier mismatch between the UE and NW upon cell change.

Proposal 10: Use table 1 as a basis for comparison and downselection of solutions.

4 Conclusion
In this document, we have provided some analysis and observation for paging carrier selection options as follows:
Proposal 1: RAN2 to select between the following options:

· Option 1a: No dedicated signalling, UE selects a carrier based on broadcast criteria only

· Option 1b: Network enables UE to select a R17 paging carrier by enabling per UE in dedicated signalling.
· Option 1c: Network enables UE to select a R17 paging carrier by providing the coverage information (CEL/Rmax) for the carrier selection to the UE in dedicated signalling
· Option 1d: Network explicitly confirms a suggested paging carrier based on a UE report.

· Option 2a: Network provides the carrier explicitly via dedicated signalling based on information determined within the NW.
· Option 2b: Network provides the carrier explicitly via dedicated signalling based on additional UE metric report.

Proposal 2: Further details of what is provided in broadcast signalling is FFS.
Proposal 3: UE metric for determining carrier suitability and selection is based on one of the options

· Option 1: measured RSRP 
· Option 2: estimated Rmax

Proposal 4: Whether the UE reports the metric explicitly to the network is FFS.

Proposal 5: For all options, the UE selects a R17 paging carrier if it is deemed suitable according to the selection criteria, otherwise the UE selects a fallback carrier. 
Proposal 6: The selection criteria is based on comparing the RSRP or Rmax to a configured threshold.

Proposal 7: For all options, discuss whether multiple R17 paging carriers can be configured, and if so whether the UE selects the best one according to the configured criteria/threshold and/or whether UE-ID is used.
Proposal 8: UE uses legacy paging carrier if the R17 paging carrier is determined to be no longer suitable.
Proposal 9: Discuss whether the legacy scheme is used for selecting the fallback carrier (i.e. based on UE-ID) or whether the network configures a specific carrier to use.

Observation 1: All solutions include some degree of UE autonomous carrier selection (i.e. at least select the R17 carrier according to the selection criteria, otherwise select the fallback carrier to address the coverage change)

Observation 2: All solutions except 1a include an aspect of network control (i.e. at least enable via dedicated signalling) 

Observation 3: For solutions 1c and 2a the UE selects a carrier based on a NW configured parameter while other solutions rely on UE measurement/metric estimate.

Observation 4: Solutions 1a and 1c pose the risk of carrier mismatch between the UE and NW upon cell change.

Proposal 10: Use table 1 as a basis for comparison and downselection of solutions.
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