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1 Introduction
The WID on Rel-17 enhancements for NB-IoT and eMTC [1] includes one objective to introduce carrier specific configuration 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 coverage based paging carrier selection was discussed in RAN2#111-e, RAN2#112-e and RAN2#113-e and RAN2#113bis-e with the following agreements [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#112-e agreements: None

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#113bis-e agreements: None


In this contribution, we discuss some guidelines for the design of the solution(s).
2 Discussion
Coverage based paging carriers selection has been discussed for a number of meetings now and very little progress was achieved. Two solution directions were agreed at RAN#112-e. However, the details of each individual solution are very unclear and there are different views among the proponents. 
In order to help to progress, we think it would be useful to clarify what is the actual objective of the enhancement and agree on a general framework/ set of requirements for the design of the solution(s).
Objective
The objective of the enhancement was discussed in early meetings but without real conclusion. 

From the discussions at the time and considering that the paging configuration today is done such that all UEs (including UEs in extreme coverage) can be reached, we think the objective is bifold:
1) improve the paging latency for UEs in good coverage by allowing shorter number of repetitions (thus reducing the time between PDCCH and PDSCH) and shorter DRX cycle.
2) improve the resource efficiency and the paging capacity in the network by allowing shorter number of repetitions and using shorter DRX cycle for the UEs in good coverage.
We propose to capture the above to be used as a guideline in the design of the solution.

Proposal 1: The objective of coverage based paging carrier selection is bifold:

· improve the paging latency for UEs in good coverage

· improve the resource efficiency and the paging capacity in the network
Design guidelines

A direct consequence of proposal 1 is that the solution should avoid the need for the network to page one UE on multiple carriers in the same cell. For this to be possible, the solution should avoid the possibility of carrier mismatch between the UE and the network. 

Although it may not always be possible to avoid carrier mismatch between the UE and the network (e.g. due to temporary change in the radio conditions), at least the need should be limited to a minimum.

Proposal 2: The solution should limit the need for paging a UE on multiple carriers in one cell.

RAN2 has taken the working assumption that no mechanism would be introduced for the UE to report a change of coverage.  We propose to confirm the working assumption as introducing such mechanism would have negative impact on the UE power consumption and increase the signalling on the Uu and network interfaces.

Proposal 3: Confirm the working assumption that no mechanism is introduced for the UE to report a change of coverage. 
While we can assume that a stationary UE will rarely experience change of coverage level, this is not true for mobile UEs.  There are different types of mobile UE, some of them may rarely experience a coverage change (e.g. outdoor UEs. coverage restricted UEs…) while other may change coverage frequently (e.g. UEs moving from outdoor to indoor, UEs moving between the basement and the top floors of a building). There are also UEs that are intermittently stationary or mobile.

Based on the above and without update of the UE coverage information, it is not possible to rely solely on the UE capability for the UE to use the scheme as this will lead to carrier mismatch between the UE and the network on many occasions. To mitigate the issue, the use of the new mechanism for a given UE should be enabled by the network via dedicated signalling, the decision can be made by eNB implementation based on information available at the eNB, e.g. based on service /subscription information or observations of the UE behaviour. 
Proposal 4: Regardless of the solution, the usage of the new paging carrier selection mechanism for a given UE is enabled by the network via dedicated signalling.

The details of the configuration of these particular paging carriers and how many of them can be configured has not been discussed yet. There are theoretically many possible options, e.g.:

· in the simplest case: one ‘good coverage’ carrier for all enabled UEs;
· in a more flexible case: a set of “equal coverage” carriers in which the UE is assigned / selects one carrier based on a given rule;
· in more complex case: multiple sets of “equal coverage” carriers. The UE is assigned / selects one carrier in a given set based on a given rule. 
We should not restrict the flexibility of the configuration before we have a good understanding of the solution(s). However, it is quite obvious that if the rules can lead the UE to select one or another carrier among these ‘specific’ carriers (e.g. based on the UE current CEL), then the probability of mismatch between the UE and the eNB will increase accordingly. This should be avoided for the reasons stated earlier.

Proposal 5: There should be only two possible paging carriers for a UE in a cell, the carrier determined by the new mechanism and the fallback carrier.
In RAN2#113bis-e offline discussion [301] [4], it was discussed whether and under which conditions the UE should switch between the ‘specific’ carrier and the fallback carrier. If we refer to the objective in proposal 1, it is clear that the specific ‘carrier’ should be used always when suitable. Also this will be the carrier the eNB will try first when paging. 
Proposal 6: UE should monitor paging on the ‘specific’ carrier unless the carrier is not suitable, in which case the UE should monitor paging on the fallback carrier.
An aspect which was not discussed yet is whether the carriers used for coverage based carrier selection should be different from the legacy paging carriers or could be common. If we refer to the objective, these carriers will have shorter ‘Rmax’ which means they will not be suitable for all UEs. Thus they should be different. On the other hand, the fallback carrier shall allow to reach the UE always thus it should be a legacy carrier.
Proposal 7: The ‘specific’ carriers used for coverage based paging carrier selection are different carriers from the legacy paging carriers.
Proposal 8: The fallback carrier is a legacy carrier.

3 Conclusion
In this document, we have discussed some guidelines for the design of coverage based carrier selection and made the following proposals:
Proposal 1: The objective of coverage based paging carrier selection is bifold:

· improve the paging latency for UEs in good coverage

· improve the resource efficiency and the paging capacity in the network
Proposal 2: The solution should limit the need for paging a UE on multiple carriers in one cell.

Proposal 3: Confirm the working assumption that no mechanism is introduced for the UE to report a change of coverage. 
Proposal 4: Regardless of the solution, the usage of the new paging carrier selection mechanism for a given UE is enabled by the network via dedicated signalling.

Proposal 5: There should be only two possible paging carriers for a UE in a cell, the carrier determined by the new mechanism and the fallback carrier.

Proposal 6: UE should monitor paging on the ‘specific’ carrier unless the carrier is not suitable, in which case the UE should monitor paging on the fallback carrier.

Proposal 7: The ‘specific’ carriers used for coverage based paging carrier selection are different carriers from the legacy paging carriers.

Proposal 8: The fallback carrier is a legacy carrier.
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