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1 Introduction
SA2 has completed the stage-2 specification on Cellular IoT support and evolution for the 5G System (5G_CIoT) [1].

At RAN#82, revisions of the NB-IoT and eMTC Rel-16 WID were agreed to introduce support of Cellular IoT functionalities for 5GS capable devices that support WB-EUTRA (eMTC) or NB-IoT [2], [3].

SA2 has in [4] discussed and agreed to add a feature “Selection, steering and redirection between EPS and 5GS” in TS 23.501 clause 5.31.3 [7]
	5.31.3
Selection, steering and redirection between EPS and 5GS

The UE selects the core network type (EPC or 5GC) based on the broadcast indications for both EPC and 5GC, and the UE's EPC and 5GC Preferred Network Behaviour. For a network that supports NB-IoT, it shall broadcast an indication of whether N3 data transfer is supported or not in system information.

When the UE performs the registration procedure it includes its Preferred Network Behaviour (for 5G and EPC) in the Registration Request message and the AMF replies with the 5G Supported Network Behaviour in the Registration Accept message.

In the networks that support CIoT features in both EPC and 5GC, the operator may steer the UEs from a specific CN type due to operator policy, e.g., due to roaming agreements, Preferred and Supported Network Behaviour, load redistribution, etc. Operator policies in EPC and 5GC are assumed to avoid steering UEs back and forth between EPC and 5GC.
To redirect a UE from 5GC to EPC, when the UE requests Registration, the AMF sends a Registration Reject with an EMM cause value indicating the UE should not use 5GC. The UE disables N1 mode and re-enables S1 mode, if it was disabled. The UE then performs either an Attach or TAU with EPC as described in clause 5.17.2.

To redirect a UE from EPC to 5GC, when the UE requests an Attach or TAU procedure, the MME sends a reject message with an EMM cause indicating the UE should not use EPC. The UE disables S1 mode and re-enables N1 mode, if it was disabled. The UE then performs a Registration with 5GC as described in clause 5.17.2.

When determining whether to redirect the UE the AMF/MME takes into account the UE support of S1/N1 mode (respectively) and the UEs (5G) Preferred Network Behaviour and the (5G) Supported Network Behaviour of the network the UE is being redirected towards.

If after redirection the UE cannot find a cell supporting connectivity, the UE may re-enable the disabled N1/S1 mode and then perform Registration, Attach or TAU.




At RAN2#107 bis this area was not discussed. [9]
At RAN2#108 [12], the following agreements were made; 

· RAN2 will consider introducing a mechanism for minimising ping-pong between CN types in RRC_IDLE/RRC_INACTIVE.

Further, the following email discussion [12] was initiated, 

· [108#xx][NB-IoT / eMTC] Consider how to minimize ping-pong between CN types in RRC_IDLE/RRC_INACTIVE. (Qualcomm)

In this document we try to analyse aspects of CN type indication supporting CN selection and Steering to be used for load control but also UE power consumption especially important for constrained devices.
The document is based on [15].
2 Discussion
At RAN2#105 bis, information for CN type selection has been added to SIB1: [8]
For NB-IoT: SIB1-NB extended to include 5GC PLMN list, per PLMN indication of Cell Reserved for Operator Use, common 5GC Tracking Area Code and 5GC Cell Identity across all PLMNs, common Cell Barring for 5GC connectivity across all PLMNs
Observation 1: In order for a UE to detect which CN type is connected to the eNB and ng-eNB the UE needs to decode SIB1.

These IoT UEs are constrained devices and power consumption is very important. The traffic model of an IoT UE is normally predictable and most commonly (mainly) uplink traffic, and the device spend most of the time in idle mode. During idle mode time period, an increase in power consumption may be triggered by the UE’s mobility and related cell reselection procedure. When the cell reselection also include change on CN-type e.g. moving from 5GC to EPC then the power consumption will even further increase due to the extra signaling involved. Therefore, this is an important issue to discuss.

This document discusses two issues:

1) UE redirection to a specific CN-type

2) CN ping pong

At RAN2#108 cell reselection based on CN-type was discussed based on [10, 11].
2.1 UE redirection to a specific CN type 
If the IoT UE has been redirected to either EPC or 5GC, the IoT UE shall disable the N1 NAS or S1 NAS as specified in TS 24.301 [13] and TS 24.501 [14]. Upper layers in the UE shall then inform AS layer of the CN-type that is supported and the UE is only allowed to camp on cells that supports this CN-type. The UE AS part shall therefore only select suitable cell connected to the supported CN-type during the cell reselection. This to avoid having to steer the UE back again or reject the UE trying to use the non-preferred CN type. If no suitable cells are found, then Upper layer can re-enable (according to [13] and [14]) the support for the other CN-type and select a cell connected to the other CN-type and register in that CN.

These IoT UEs are constrained devices and power consumption is very important. Currently there is no prior information that the UE can know about which neighboring cells belongs to which CN-type. Hence, the UE needs to measure on all frequencies and decode SIB1 (CN-type) for each frequency in the list. In a heterogeneous deployment this will lead to waisted power consumption, when measurements are done on frequencies that anyhow will not be selected. In order to save power for the IoT UE by reducing the efforts during the cell reselecting procedure, the information about what CN type(s) the neighbor cell supports should be provided already in neighbor cell information, and therefore broadcasted in SIB4 and SIB5 that is used for Intra- and Inter-frequency cell reselection.
Observation 2: If the CN-type is included in the SIB4/5 then the UE can directly understand which neighboring cells that are connected to which CN-type. This would avoid the UE effort of decoding of SIB1 for cells connected to the “wrong” CN-type when UE has choice of cell(s) connected to the “right” CN-type.
We propose to update the InterFreqCarrierFreqList and InterFreqNeighCellInfo in SIB5 as well as IntraFreqNeighCellInfo in SIB4 by adding CN type. The same changes are proposed for NB-IoT in SIB4-NB and SIB5-NB respectively.

Example:Proposal for SIB4; (added part in yellow)
IntraFreqNeighCellInfo ::=

SEQUENCE {


physCellId







PhysCellId,


q-OffsetCell






Q-OffsetRange,


CN-type...
In SIB 4 we propose to add CN-type to the IntraFreqNeighCellInfo.

Example:Proposal for SIB5; (added part in yellow)

InterFreqCarrierFreqInfo-v16xy
::= SEQUENCE {


CN-type








CN-type
}

CN-Type::




ENUMERATED {EPC, 5GC, EPC-5GC},
In SIB 5 we propose to add CN type to the InterFreqCarrierFreqInfo.
InterFreqNeighCellInfo ::=


SEQUENCE {


physCellId






PhysCellId,


q-OffsetCell





Q-OffsetRange

CN-type...
}

In SIB5, we also propose to add CN type to InterFreqNeighCellInfo.
For SIB4-NB and SIB5-NB; 

Since SIB4-NB uses the element IntraFreqNeighCellInfo from SIB4, no change is required for SIB4-NB. 
SIB5-NB can be updated in a similar way as SIB5. 
Proposal 1: Update the InterFreqCarrierFreqList, IntraFreqNeighCellInfo and InterFreqNeighCellInfo by adding CN type in SIB4&5 and/or the corresponding elements for NB-IoT UE´s in the SIB4-NB/SIB5-NB.
2.2  Minimizing ping pong 

When both CN-types (EPC and 5GC) are enabled in the UE, during this time the UE might be exposed to some ping pong effect when selecting the best cell not belonging to the CN that the UE is currently registered on. This would generate signaling and power consumption, just to camp on the best cell. After some time, the UE may find another best cell belonging to the other CN-type and needs to re-register in that CN again.

To avoid this ping pong effect, the UE shall be allowed to use the CN-type information in SIB4/5 and only evaluate cells connected to the current CN-type. If no suitable cell is found, then all other cells in SIB4/5 shall be evaluated.
Observation 3: Allowing the IoT UE to only evaluate cells belonging to the current CN-type will remove the ping pong issue and at the same time minimize the UE power consumption during the evaluation phase.

Proposal 2: When both CN-types are allowed the UE shall be allowed to first only evaluate cells connected to the current CN-type provided cells connected only to the other CN-type are not “significantly better”.
Proposal 3: If no “suitable” cell can be found that is connected to the current CN-type, then the UE shall evaluate the other cells in the list provided in the SIB4/5. “Suitable” in this case means cell is not too poor compared to cell of the other CN-type.
An alternative way to reduce ping-pong behavior between intra frequency cells is to introduce a new parameter for cell reselection between cells belonging to different CN, e.g. as discussed in [10]. This parameter could either be that a UE connected with a cell, with an absolute quality (S-criteria) which is larger than the configured parameters, do not have to consider cells with a different CN type. This criteria is similar to the criteria that when a UE connected with a cell with good received quality does not have to measure on another cells at all. So this new criteria would be similar but with lower thresholds. 

Network can configure what defines a “significantly better” cell with offset for the cells with a different CN in the ranking criteria in section 5.2.4.6 in 36.304 used for cell reselection decisions. In this case a negative offset is added to the ranking criteria for these cells. 
Proposal 4: Change the intra frequency and equal priority inter-frequency cell-ranking criteria Rn for neighbouring with an extra offset for cells with another CN, Q_offsetother CN. 
The ranking criteria is thereby changed by introducing an offset for neighbour cells that have only other Core Network than in the serving cell. Then the R criteria for serving cell and neighbour cell becomes as below. 
Rs=Qmeas,s+QHyst-Qoffsettemp+QoffsetSCPTM
Rn=Qmeas,n-Qoffset-Qoffsettemp+QoffsetSCPTM-QoffsetOther_CN
	Qmeas
	RSRP measurement quantity used in cell reselections.

	Qoffset
	For intra-frequency: Equals to Qoffsets,n, if Qoffsets,n is valid, otherwise this equals to zero.

For inter-frequency:

Except for NB-IoT, equals to Qoffsets,n plus Qoffsetfrequency, if Qoffsets,n is valid, otherwise this equals to Qoffsetfrequency.

For NB-IoT equals to QoffsetDedicatedfrequency for any frequency other than the frequency of the dedicated frequency offset, if QoffsetDedicatedfrequency is valid, otherwise this equals to Qoffsetfrequency (if QoffsetDedicatedfrequency is valid Qoffsetfrequency is not used).

	Qoffsettemp
	Offset temporarily applied to a cell as specified in TS 36.331 [3]

	QoffsetSCPTM
	Offset temporarily applied to an SC-PTM frequency as specified below. The offset is applied to all cells on the SC-PTM frequency. If QoffsetSCPTM is valid, Qoffset for inter-frequency neighbour cells is not used.

	Qoffset Other CN
	Offset applied to cells with other CN


Proposal 5: SIB5-BR/SIB5-NB is updated with extra offset for cells with another CN, Q_offsetother CN
3 Conclusion
In this document, we are proposing to introduce means to not only indicate support for CN type in SIB1 as agreed at RAN2#105bis, but also in SIB4 and SIB 5 to avoid letting the UE reselect to a cell that does not support the preferred CN type.
We made the following observations and proposal: 
Observation 1: In order for a UE to detect which CN type is connected to the eNB and ng-enB the UE needs to decode SIB1.
Observation 2: If the CN-type is included in the SIB4/5 then the UE can directly understand which neighboring cells that are connected to which CN-type. This would avoid the UE effort of performing cell measurements and decoding of SIB1 for cells connected to the “wrong” CN-type.
Observation 3: Allowing the IoT UE to only evaluating cells belonging to the current CN-type will be removed the ping pong issue and at the same time minimize the UE power consumption during the evaluation phase.
Proposal 1: Update the IntraFreqNeighCellInfo and InterFreqNeighCellInfo by adding CN type in SIB4&5 and/or SIB4-NB/SIB5-NB.
Proposal 2: When both CN-types are allowed the UE shall be allowed to first only evaluate cells connected to the current CN-type.

Proposal 3: If no suitable cell can be found that is connected to the current CN-type, then the UE shall evaluate the other cells in the list provided in the SIB4/5.

Proposal 4: Change the intra frequency and equal priority inter-frequency cell-ranking criteria Rn for neighbouring with an extra offset for cells with another CN, Q_offsetother CN. 

Proposal 5: SIB5-BR/SIB5-NB is updated with extra offset for cells with another CN, Q_offsetother CN
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