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Discussion and decision
1 Introduction
During RAN2#113-e, further progress was made on following Release 17 work-item objective[1]:

•
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 related agreements reached on this WI objective up to end of RAN2#113-e [2], are listed in the table below.
	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. 


This document discusses the implications of paging carriers configured for a specific cell coverage on mobile UEs. The document also discusses mechanism for the UE to determine the suitability of the selected paging carrier and how to negotiate, if needed, a more optiomal paging carrier.
2 Discussion
2.1 Implications of coverage-level based paging carrier paging carrier selection

The paging carriers in a cell are normally configured to have sufficient reliability for UEs in the coverage area of the cell can decode the page. This philosophy applies equally to cells supporting normal coverage only (e.g. LTE, NR) or extended coverage (e.g. NB-IoT, eMTC). In LTE/NR, network generally controls the reachability of the paging by controlling the transmit power while repetitions are not used for each paging occasion. In NB-IoT, network can ensure this is possible by combination of transmit power and the number of repetitions used for each paging occasion. To avoid interference to neighbour cells, there is a limit on the transmit power for paging carrier a network may use. Similarly, there is a limit on the number of repetitions network can use due to limitation on radio resource usage.
Observation 1: In legacy, paging carrier is configured to provide reliable coverage in the entire cell and not just a sub-region of a cell.
For NB-IoT UE, maintaining low power consumption is a key requirement and this means UE should not be required to stay active for longer than necessary. By using paging carrier configuration specific to certain coverage level can provide following gains:

· Reduce amount of resources used to reliably deliver the page to the UE.

· Reduce radio resource usage.
· Reduce power consumption in the eNB.

· Support shorter paging cycles.
Observation 2: Optimising paging carrier configuration for specific coverage area can be beneficial both for the UE and the network.

The key disadvantage of configuring different paging carriers for specific coverage region creates complications for mobile UEs because the paging carrier it was using when it was in good coverage could be unusable when it goes into extended coverage hence reachability can be lost. Cell selection is based on the cell reference signal (NRS) and not on the ability for the UE to decode the page reliably. Therefore, while UE can reliably make access (i.e. establish RRC connection), MT calls may not be possible.
Observation 3: Using paging carrier configuration for specific coverage area may not be suitable for mobile UEs.

A possible solution to overcome the above issue is to have a fallback paging carrier. If UE determines that the current paging carrier is not suitable for reliable reachability, the UE switches to monitor the fallback paging carrier. There are two issues with this scheme:

Observation 4: No mechanism defined for the UE to determine the specific paging carrier is not suitable.
Observation 5: Because network will need to attempt paging on multiple paging carrier, it increases radio resources and eNB power usage.

Observation 6: Because network will need to attempt paging on multiple paging carrier, it increases MT call setup delay.
Proposal 1: Coverage based paging carrier selection is not to be used by mobile UEs.

2.2 Current paging carrier suitability determination

In the previous section one observation is how does UE know the current paging carrier is optimal i.e. has sufficient reliability to decode the page while using minimum number of repetitions. UE can use the reference signal power/quality (NRSRP/NRSRQ) to estimate the number of repetitions required to reliably decode the page but these metrics represent a short-term condition of the paging carrier. Note cell reselection does not happen instantly when a neighbour cell becomes better than serving cell [7]. Therefore, UE should not switch to fallback paging carrier based on failure to decode one or few (e.g. one or two) paging occasions. Based on the observations in the previous section, frequent change in coverage level is detrimental both for the UE and the network.
Proposal 2: UE determines current paging carrier suitability over a period of time.

To determine how optimal the selected paging carrier is, UE could monitor over a period of time one or more of the following: NRSRP, NRSRQ and/or maximum number of repetitions needed to successfully decode the PO. 

Observation 7: Paging carrier metrics such as NRSRSP, NRSRQ and maximum number of repetitions are needed to successfully decode own PO.
The measured metric would ideally be the metric that characterises the paging carrier. E.g. currently the maximum number of repetitions supported by the paging carrier and the reference power relative to anchor carrier are provided in broadcast information. Therefore, we propose these two metrics could be measured over a period.
Proposal 3: UE gathers reference signal power experienced when receiving PO over a number of own paging occasions.

Proposal 4: UE gathers number of NPDCCH repetitions needed to receive PO over a number of own paging occasions.

Proposal 5: For the above metrics, RAN2 can discuss whether average, maximum and/or minimum values are useful.

2.2.1 Negotiating optimal paging carrier

Upon power-up UE should follow legacy mechanism for selecting paging carrier. After UE has gathered sufficient data for the current paging carrier and UE considers the current paging carrier is not optimal, UE negotiates with the network to use a more optimal paging carrier. As RAN2 has not decided whether optimal paging carrier would be decided by the UE or by the network, we propose the following approach for each of the two options (see agreements from RAN2#113-e listed in section 1 above):

Option 1:  

When UE connects to network for data transfer, UE indicates more suitable alternative paging carrier configured in SIB or more suitable Rmax corresponding to the alternative paging carriers configured in SIB.

Network in response (e.g. in RRC Connection Release or RRC Early Data Complete etc.) can permit the UE to select the alternative paging carrier. If the UE indicated suitable Rmax value, then if there are more than one paging carriers with this Rmax value then both network and UE select one paging carrier from this subset of paging carriers using legacy algorithm.  

This will ensure both UE and network are aligned on the paging carrier.

Option 2:  

When UE connects to network for data transfer, UE provides the paging carrier metrics to the network and in response network may indicate a more optimal paging carrier.

Summary

This document identifies implications of using coverage-based paging carrier selection and makes following observations. The document also makes proposals on how the UE can assist the network to determine an optimal paging carrier.

Observation 1:
In legacy, paging carrier is configured to provide reliable coverage in the entire cell and not just a sub-region of a cell.
Observation 2:
Optimising paging carrier configuration for specific coverage area can be beneficial both for the UE and the network.
Observation 3:
Using paging carrier configuration for specific coverage area may not be suitable for mobile UEs.
Observation 4:
No mechanism defined for the UE to determine the specific paging carrier is not suitable.
Observation 5:
Because network will need to attempt paging on multiple paging carrier, it increases radio resources and eNB power usage.
Observation 6:
Because network will need to attempt paging on multiple paging carrier, it increases MT call setup delay.
Observation 7:
Paging carrier metrics such as NRSRSP, NRSRQ and maximum number of repetitions are needed to successfully decode own PO.


Proposal 1:
Coverage based paging carrier selection is not to be used by mobile UEs.
Proposal 2:
UE determines current paging carrier suitability over a period of time.
Proposal 3:
UE gathers reference signal power experienced when receiving PO over a number of own paging occasions.
Proposal 4:
UE gathers number of NPDCCH repetitions needed to receive PO over a number of own paging occasions.
Proposal 5:
For the above metrics, RAN2 can discuss whether average, maximum and/or minimum values are useful.
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