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1. Background   
During RAN2#108 meetings, there was brief discussion about need and how to minimize CN-type change during idle cell reselection for both eMTC and NB-IoT and how to minimize ping-pong during idle cell re-selection causing CN-Type changes. Based on this discussion, following was agreed.

	· RAN2#108 agreements:
· RAN2 will consider introducing a mechanism for minimising ping-pong between CN types in RRC_IDLE/RRC_INACTIVE.




In [1], email discussion [108#97] [NB-IoT / eMTC], discussed about how to minimize ping-pong between CN types in RRC_IDLE/RRC_INACTIVE. During RAN2#109e , there was no consensus about this email discussion and postponed.
2. Issue discussion
ng-eNB is allowed to have connectivity to 1) 5GC only, or 2) both EPC and 5GC. Depending on a given CIoT UE support for a specific CN type, CN type preference for a given PLMN, CIoT features supported by a given CN, a CIoT UE capable of both EPC and 5GC is allowed to select a specific CN type and such core network selection is a NAS functionality. 
For initial 5GC deployments and during network migration, it is reasonable to assume that different CN types may be connected to different RAN. An operator may choose to deploy RAN with different bands/frequencies with different CN type connectivity. Such non-homogenous deployments imply that a CIoT UE, which is connected to 5GC and moves from an ng-eNB to an eNB will perform inter-CN type mobility to EPC and vice versa.

Interworking of 5GC with EPC as introduced in Rel-15 covers both connected mode and idle mode mobility between 5GC and EPC. Each time the UE moves between 5GC and EPC, the UE performs the Registration or Tracking Area Update procedure and the UE's context is moved between the involved CNs.

In case of mobile CIoT, this has two drawbacks

-
Additional battery drain for low power devices

-
Increased signaling load in both EPC and 5GC resulting from a massive amount of IoT devices performing inter-CN-type mobility between EPC and 5GC.
Observation 1:   Inter CN mobility during RRC_IDLE/RRC_INACTIVE state increases UE battery drain and increased  inter-CN signaling between EPC and 5GC.

It is therefore important for IoT to consider solutions to minimize idle mode inter-CN-type mobility between EPC and 5GC. 

Normally UE is required to camp on a cell that has the most suitable radio conditions to (a) reduce interference to neighbor cells and (b) maximize reachability. Condition (a) largely relevant for inter-frequency neighbor cells.

2.1 Example deployment scenario:

During initial 5GC deployment, different CN types may be connected to different regions depending on operator deployment choice and how quickly operators decide to deploy 5GC in their networks considering aspects such as cost of deployments, service availability, device availability etc. The amount of time needed to transition from one CN type to another CN type is purely a deployment strategy followed by an operator.
Different CN types belong to different Tracking Areas [2]. Within a given CN type, different RATs (i.e. eMTC, NB-IoT) are configured in different TA. Thus, when UEs of a given RAT type are moving between different CN types, it is unavoidable for UEs to perform TA/Re-Registration updates to update UEs location to core network resulting in overhead signaling and UE power consumption.

All pre-R16 NB-IoT/eMTC devices have support for EPC and some new R16 and later release devices will have support for both EPC and 5GC. During device migration time, R16 devices will be limited in quantity and as time progresses there will be fewer pre-R16 EPC only devices and more of R16 devices supporting both EPC and 5GC. In non-homogeneous network deployment of different CN types in different geographic arears, one can expect that all bands/frequencies would have support for EPC support and as proportion of 5GC capable devices increase, operator may need more bands/ frequencies to support larger number of 5GC devices. 
Example scenario 1: 
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Example scenario 2: F2 and F3 may belong to different bands
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Observation 2:   During initial CN migration, it is possible that different regions will have different CN type connectivity support.
Observation 3 :  Based on device population supporting EPC only and EPC + 5GC, different bands/frequencies may be configured to support different CN types to cater to different CN type traffic.

3. Solution discussion

In order to minimize CN type ping-pong at border regions, we can think of NAS and AS based solution.
3.1 Limitation of NAS only based CN selection solution

When RRC_IDLE/RRC_INACTIVE mode UE moves between cells connected to different CN types, AS provides available CN types (from SIB1) to NAS. NAS will select a CN type based on UE configuration, service type etc. Typically, NAS selects the highest/newest RAT (e.g. 3G or 2G, 4G or 3G, 5G or 4G) as long as the highest RAT supports the required service.
There are 2 possible scenarios:

Case 1: If UE performs cell re-selection to a cell supporting same CN type then NAS could select the same CN type. 

Case 2: If UE performs cell re-selection (AS layer) and camps on a cell that does not support the current CN type, then NAS is forced to select a different CN type.  

Thus, for Option 2, NAS based CN type selection does not help to minimize CN type ping-pongs

Observation 4 :   If UE upon cell re-selection camps on a cell that does not support the current CN type, then NAS is forced to select a different CN type and NAS only based solution does not solve CN type ping-pong issue.
3.2 AS controlled idle cell reselection by taking CN type into consideration
When UE performs ranking based idle cell reselection from one cell to another cell, Qoffset parameter is used for target cell. Question is whether it is possible for UE to use different values of Qoffset for target cell frequency based on whether target cell frequency supports same CN type or different CN type. From UE perspective, it does know whether target cell same or different CN type and current specification allows one value of Qoffset configuration agnostic to CN type. Thus, we think without any additional enhancements to existing idle cell reselection parameters, it is not possible to add any additional Qoffset value as function of CN type connectivity supported by target cell frequency.
Rs = Qmeas,s + Qhyst – Qoffsettemp + QoffsetSCPTM
Rn = Qmeas,n - Qoffset – Qoffsettemp + QoffsetSCPTM 

Observation 5 :   It is not possible to use existing Qoffset parameter to add additional offset value (as function of CN type supported by target cell frequency) to minimize CN type ping-pong during idle cell reselection.
It is to note that ranking as defined in sub-clause 5.2.4.6 in TS 36.304 is applied for intra-frequency and inter-frequency cell reselection (irrespective of configured frequency priorities, if any) while the UE is in enhanced coverage. Below table provides summary of idle cell reselection methods for eMTC and NB-IoT UEs [1]:

	
	Intra Freq Idle Cell-Reselection
	Inter Freq Idle Cell-Reselection 

	· eMTC in normal coverage
	· Ranking based
	· Euqal priority frequencies : Ranking based
· High/Low priority frequencies : Freq priority based

	· eMTC in enhanced coverage and NB-IoT
	· Ranking based
	· Ranking based only


3.2.1 For eMTC and CE Mode UEs:

In eMTC normal coverage, Idle cell re-selection is purely based on ranking for intra-frequency cells and inter-frequency cell reselection is based on frequency priority. But eMTC in enhanced coverage and non-BL UEs in CE mode always uses ranking based idle cell reselection for both intra and inter freq-idle cell reselection.
Ranking based inter frequency idle cell-reselection:

When a eMTC UE is camped on a cell and a CN type is selected (it can be either EPC or 5GC), intra-frequency idle cell reselection is based on radio condition and CN type of serving and neighbour cell is not taken into consideration. UE should not use any prioritization of cells (i.e based on CN type) to prevent UE from re-selecting to a neighbour cell of poor channel conditions (even if that cell has preferred CN Type connectivity). If UE used prioritization of intra freq cells connected to same CN type over other intra freq cells connected to different CN type connectivity then this can lead UE to camp on a cell with inferior channel quality cell and causes intra frequency interference and increases unnecessary ping-ping reselections and CN type changes as well.
Observation 6 :  Prioritization of intra frequency cells of desired CN type over other cells causes UE to camp on inferior radio quality cells and causes intra frequency interference and increases unnecessary ping-ping reselections.
However, for inter-frequency cells a BL UE should prioritize reselection to inter-frequency neighbor cells of same CN type instead of reselecting to inter-frequency neighbor cells supporting different CN type than what BL UE is connected to. This can be done by considering inter-frequency cells of same CN type as higher priority than inter-frequency neighbor cells of different CN type.
A possible solution for this is by adding Qoffsetfreq_cn_type to inter-frequency idle cell reselection supporting different CN type to make them less desirable. The main idea is to keep eMTC UEs and CE mode UEs in cells with same CN type as long as possible and make reselection to inter-frequency neighbour cells supporting different CN type than registered CN type more difficult and thus reduce the CN type change signaling overhead. UE does not use this additional Qoffsetfreq_cn_type value if inter-frequency neighbor cells support the same CN type as the registered CN type.

CIoT UE performs ranking criteria for idle cell reselection based on updated criteria

Rs = Qmeas,s + Qhyst – Qoffsettemp + QoffsetSCPTM
Rn = Qmeas,n - Qoffset – Qoffsettemp + QoffsetSCPTM - Qoffsetfreq_cn_type
Qoffsetfreq_cn_type can be conveyed to UE through SIB5-BR.
Proposal 1. For ranking based inter-frequency Idle cell-reselection for eMTC and CE mode UEs ,  consider target frequencies with same CN type as registered CN type are higher priority than frequencies with supported CN type different from registerd CN type. 
Proposal 2. Adapt SIB5-BR enhancements to include CN type supported for inter-frequencies as assistance information for inter-frequency idle cell reselection.
Inter frequency idle cell-reselection for high and low priority frequencies:

In case of eMTC in normal coverage, SIB configured frequency priority is taken into consideration to determine how to perform inter-frequency idle cell reselection for high priority and low priority scenarios. 

In this case, eMTC UE should prioritize reselection to inter-frequency neighbor cells of same CN type instead of reselecting to inter-frequency neighbor cells supporting different CN type than what eMTC UE is connected to. This can be done by considering both frequency priority and CN Type into account. i.e. inter-frequency cells with same CN type will be given additional priority over different CN type 

If UE is camped on frequency F1 and frequencies F2 and F3 are both higher priority than serving frequency F1. If one of high priority frequencies (ex: F2) have same CN type connectivity as UE connected CN type then one possible way to make cell reselection to inter-frequency F3 more stringent is by adding additional offset against frequency F3. Then following enhancement can be used for signal quality based idle cell reselection,
Squal > ThreshX, HighQ + Qoffsetfreq_cn_type during a time interval TreselectionRAT
If UE is camped on frequency Fx and frequencies Fy and Fz are both lower priority than serving frequency Fx. If one of low priority frequencies (ex: Fy) have same CN type connectivity as UE connected CN type then one possible way to make inter cell reselection to frequency Fz more stringent is by adding additional offset against frequency Fz. Then following enhancement can be used for signal quality based idle cell reselection,
Squal < ThreshServing, LowQ and 

Squal > ThreshX, LowQ + Qoffsetfreq_cn_type during a time interval TreselectionRAT
The above enhancements are equally applicable for receive level based idle cell reselection as well.
Proposal 3. For high priority inter-frequency Idle cell-reselection for eMTC UEs in normal coverage  ,  use new parameter Qoffsetfreq_cn_type for neighbor cell evaluation criteria when inter-frequency cell is connected to different type of core network than registered CN type.   

Squal > ThreshX, HighQ + Qoffsetfreq_cn_type during a time interval TreselectionRAT

Proposal 4. For low priority inter-frequency Idle cell-reselection for eMTC UEs in normal coverage  ,  use new parameter Qoffsetfreq_cn_type for neighbor cell evaluation criteria when inter-frequency cell is connected to different type of core network than registered CN type.                             Squal < ThreshServing, LowQ and  Squal > ThreshX, LowQ + Qoffsetfreq_cn_type during a time interval TreselectionRAT

3.2.2 For NB-IoT UEs:

In NB-IoT, Idle cell re-selection is purely based on ranking criteria for both intra-frequency and inter-frequency.
When a NB-IoT UE is camped on one frequency and a CN type is selected (it can be either EPC or 5GC), for same frequency idle cell selection, UE should not use any prioritization of cells to prevent UE from re-selecting to a neighbor cell of poor channel conditions (even if that cell has preferred CN Type connectivity). Hence, it is reasonable to assume that UE has to perform intra-frequency idle cell reselection-based radio channel conditions ranking criteria. (No change needed).
If inter-frequency cells are configured with different CN types, then UE should prefer reselection towards cells supporting same CN type as the registered CN type. This can be done by adding Qoffsetfreq_cn_type to inter-frequency idle cell reselection supporting different CN type to make them less desirable. The ides is same as what was described in section 3.2.1.
NB-IoT UE performs ranking criteria for idle cell reselection based on updated criteria

Rs = Qmeas,s + Qhyst – Qoffsettemp + QoffsetSCPTM
Rn = Qmeas,n - Qoffset – Qoffsettemp + QoffsetSCPTM - Qoffsetfreq_cn_type
Qoffsetfreq_cn_type can be conveyed to UE through SIB5-NB.
Serving Cell SIB5-NB need to be enhanced to provide type of CN connectivity for inter-frequencies. Inter-frequency CN type connectivity can be configured per PLMN or common across all PLMNs

Following are scenarios, where this new Qoffsetfreq_cn_type will be used by UE.
	Registered CN Type
	Neighbor Inter-Freq supported CN Type

	EPC Only
	5GC Only

	5GC Only
	EPC Only

	EPC & 5GC, UE connected to 5GC
	EPC Only

	EPC & 5GC, UE connected to EPC
	5GC Only


For all other combinations of registered CN type and inter-frequency CN type Qoffsetfreq_cn_type is not to be used by UE.

Based on above discussion, propose the following proposals.
Proposal 5. For ranking based inter-frequency NB-IoT and eMTC Idle cell-reselection ,  use new parameter Qoffsetfreq_cn_type for neighbor cell ranking criteria evaluation when inter-frequency cell is connected to different type of core network than registered CN type.  

           Rs = Qmeas,s + Qhyst – Qoffsettemp + QoffsetSCPTM 

          Rn = Qmeas,n - Qoffset – Qoffsettemp + QoffsetSCPTM - Qoffsetfreq_cn_type
Proposal 6. Enhance SIB5-NB to include CN type (EPC & 5GC) connectivity supported by different NB-IoT neigbor cell frequnecies.

Proposal 7. In SIB1-BR/NB, support inter-frequnecy CN type connectivity configuration per PLMN and/or common across all PLMNs in the list
3. Conclusion 
In this contribution, we discussed various proposals about how to reduce inter CN type idle cell reselections to reduce inter CN mobility.
Observation 1:   Inter CN mobility during RRC_IDLE/RRC_INACTIVE state increases UE battery drain and increased  inter-CN signaling between EPC and 5GC.
Observation 2:   During initial CN migration, it is possible that different regions will have different CN type connectivity support.
Observation 3 :  Based on device population supporting EPC only and EPC + 5GC, different bands/frequencies may be configured to support different CN types to cater to different CN type traffic.
Observation 4 :  If UE upon cell re-selection camps on a cell that does not support the current CN type, then NAS is forced to select a different CN type and NAS only based solution does not solve CN type ping-pong issue.
Observation 5 :  It is not possible to use existing Qoffset parameter to add additional offset value (as function of CN type supported by target cell frequency) to minimize CN type ping-pong during idle cell reselection.
Observation 6 :  Prioritization of intra frequency cells of desired CN type over other cells causes UE to camp on inferior radio quality cells and causes intra frequency interference and increases unnecessary ping-ping reselections.


 Proposal 1.
For ranking based inter-frequency Idle cell-reselection for eMTC and CE mode UEs ,  consider target frequencies with same CN type as registered CN type are higher priority than frequencies with supported CN type different from registerd CN type.
Proposal 2.
Adapt SIB5-BR enhancements to include CN type supported for inter-frequencies as assistance information for inter-frequency idle cell reselection.
                      Squal < ThreshServing, LowQ and
Proposal 3.
For high priority inter-frequency Idle cell-reselection for eMTC UEs in normal coverage  ,  use new parameter Qoffsetfreq_cn_type for neighbor cell evaluation criteria when inter-frequency cell is connected to different type of core network than registered CN type.
                      Squal > ThreshX, HighQ + Qoffsetfreq_cn_type during a time interval TreselectionRAT
Proposal 4.
For low priority inter-frequency Idle cell-reselection for eMTC UEs in normal coverage  ,  use new parameter Qoffsetfreq_cn_type for neighbor cell evaluation criteria when inter-frequency cell is connected to different type of core network than registered CN type.                             
                       Squal < ThreshServing, LowQ and  Squal > ThreshX, LowQ + Qoffsetfreq_cn_type during a time interval TreselectionRAT
Proposal 5.
For ranking based inter-frequency NB-IoT and eMTC Idle cell-reselection ,  use new parameter Qoffsetfreq_cn_type for neighbor cell ranking criteria evaluation when inter-frequency cell is connected to different type of core network than registered CN type.
                    Rs = Qmeas,s + Qhyst – Qoffsettemp + QoffsetSCPTM
                    Rn = Qmeas,n - Qoffset – Qoffsettemp + QoffsetSCPTM - Qoffsetfreq_cn_type
Proposal 6.
Enhance SIB5-NB to include CN type (EPC & 5GC) connectivity supported by different NB-IoT neigbor cell frequnecies.
Proposal 7.
In SIB1-BR/NB, support inter-frequnecy CN type connectivity configuration per PLMN and/or common across all PLMNs in the list
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