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Discussion and decision
1 Introduction
During RAN2#116-e, some progress was made on the following Release 17 WI objective [1] and a number of agreements reached [2]:
•
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]
	RAN2#116-e agreements:
· DRX is not used a criterion that needs to be explicitly considered for paging carrier selection.
· Option 1c with Alt2 (fallback when cell change) is supported


2 Discussion
2.1 Coverage-based paging carrier selection procedure
A generalised procedure for paging carrier selection after initial connection in a cell is depicted in Figure 1. This procedure assumes only legacy serving cell measurement report sent in MSG5 and network indicates in release message the suitable minimum NRSRP value for the coverage-based paging carrier. It is also possible for network to indicate in release message Rmax instead of NRSRP. At cell selection/reselection, a UE may have done very few measurements on the serving cell (e.g., at cell selection UE may have made just two measurements) before it initiates RRC connection establishment. RAN2 is still discussing whether hysteresis should be applied to when switch between the legacy paging carrier and coverage-based paging carrier. The main reason for introducing hysteresis is to prevent premature and frequent paging carrier switching. Therefore, it makes sense for network to only consider using coverage-based paging carrier if the UE has indicated the measurement fulfilled the hysteresis criteria as depicted in Figure 2. Although the example Figure 1 and Figure 2 imply network decides the coverage based paging carrier (i.e., option 2a), but the same principle can be applied to option 1c where E-UTRAN could indicate in RRCConnectionRelease that UE is permitted to select coverage-based paging carrier instead of indicating NRSRP (or Rmax) (but such indication is not necessary) and UE would use the reported measurement to select a coverage-based paging carrier. With both option 1c and 2a, UE would use the latest serving cell measurements and the hysteresis criteria to switch between legacy paging carrier and coverage-based paging carrier.
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Figure 1: Procedure for paging carrier selection after initial connection in a cell with legacy report.

[image: image2.emf]UE

RAN

Data transfer

CONNECTED

UE selects and 

monitors legacy paging 

carrier

RRCConnectionSetupComplete

(MeasResultServCell)

IDLE

UE acquires MIB/SIBs

Preamble

Grant

RRCConnectionSetupRequest

RRCConnectionSetup

RRCConnectionRelease

IDLE

Cell 

(re)selection

UE

RAN

Data transfer

CONNECTED

UE selects and 

monitors appropriate 

paging carrier

RRCConnectionSetupComplete

(MeasResultServCell, CoverageBasedPaigingCarrierPreferred=TRUE)

IDLE

UE acquires MIB/SIBs

Preamble

Grant

RRCConnectionSetupRequest

RRCConnectionSetup

RRCConnectionRelease

(NRSRP)

IDLE

Cell 

(re)selection

(a) Measurement has not fulfilled the hysteresis criteria (b) Measurement has fulfilled the hysteresis criteria


Figure 2: Procedure for paging carrier selection with measurement fulfilling hysteresis criteria – Option 2a.
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Figure 3: Procedure for paging carrier selection with measurement fulfilling hysteresis criteria – Option 1c.
Observation 1: Legacy measurement report needs to be augmented to indicate the measurement fulfilled the hysteresis criteria for coverage-based paging carrier selection.
Proposal 1: UE at cell selection/reselection always selects paging carrier according to legacy paging carrier selection scheme.
Proposal 2: Introduce hysteresis criteria for switching between legacy paging carrier and coverage based paging carrier.

Proposal 3: Introduce indication from UE to network that the reported measurement has meet the hysteresis criteria. Only if the UE has sent such indication UE can use coverage-based paging carrier in RRC_IDLE.

Proposal 4: Network and UE continue to use legacy paging carrier selection scheme until UE has indicated coverage-based paging carrier selection hysteresis criteria has been met.

When the UE enters RRC_IDLE state in the same cell upon release of RRC connection then and UE has been explicitly allowed to select a coverage-based paging carrier (e.g., UE received in RRCConnectionRelease message NRSRP/Rmax or permission to select coverage-based paging carrier) then:

· Step 1:

· Option 2a: UE identifies a coverage-based paging carrier set that has associated:

· NRSRP = NRSRP received in the RRCConnectionRelease message, or 

· Rmax = Rmax NRSRP received in the RRCConnectionRelease message

· Option 1c: UE identifies a coverage-based paging carrier set that has associated:

· NRSRP = nrsrpResult-r14 reported in MSG5.

· Step 2: UE selects one paging carrier using legacy scheme (UE_ID and optionally paging carrier weights) from the set identified in Step 1.

· Step 3: 

· If the measured Srxlev >= NRSRP associated with the selected paging carrier, then UE selects the coverage-based paging carrier selected in Step 3. 
·  Otherwise, UE selects paging carrier according to legacy scheme and continues to use this paging carrier for till the hysteresis criteria is meet.
With the above approach, because the reported measurement met the hysteresis criteria,  there will be higher probability for the UE and the network to be on the same paging carrier after connection release hence the UE can be reached without delay. 

While UE is in RRC_IDLE state, any further switching between paging carriers would only happen if the hysteresis criteria is met.

Summary

This document discusses how use of hysteresis for switching between paging carriers will ensure the selected coverage-based paging carrier is reliable enough, would not lead to frequent paging carrier switching and avoid unnecessary paging delay. The document highlights to achieve these benefits, the legacy measurement report needs to be augmented with additional information that indicates to the network the measurement is reliable enough for coverage-based paging carrier selection.
Observation 1:
Legacy measurement report needs to be augmented to indicate the measurement fulfilled the hysteresis criteria for coverage-based paging carrier selection.


From above observation and discussions, we arrive at the following proposals to progress this WI objective:
Proposal 1:
UE at cell selection/reselection always selects paging carrier according to legacy paging carrier selection scheme.
Proposal 2:
Introduce hysteresis criteria for switching between legacy paging carrier and coverage based paging carrier.
Proposal 3:
Introduce indication from UE to network that the reported measurement has meet the hysteresis criteria. Only if the UE has sent such indication UE can use coverage-based paging carrier in RRC_IDLE.
Proposal 4:
Network and UE continue to use legacy paging carrier selection scheme until UE has indicated coverage-based paging carrier selection hysteresis criteria has been met.
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