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Inter-RAT mobility between LTE and NR includes intra-system and inter-system mobility as defined in RAN3 TR 38.801 “Study on New Radio Access Technology” [1]. Furthermore several architecture options are defined in [1] for the relationship between LTE and NR. This new level of complexity increases the number of inter-RAT mobility use-cases. This contribution has the goal of identifying all the possible cases according to the different UE, eNB and gNB types.
Discussion
A new relationship between two different RATs (LTE and NR) and two different CNs (EPC and NGC) has been defined for 5G. Compare to LTE, where an eNB could be connected to EPC only, the number of uses-cases for inter-RAT mobility increased drastically. RAN2 and RAN3 need therefore to identify these use-cases.
And in order to identify every mobility cases, we need first to identify the possible UE, eNB and gNB types which will be deployed, according to the radio interface and the NAS signalling support for the UE, and according to the interfaces (RAN-CN and RAN internal) support for eNB and gNB. Then the combination between the most likely deployed nodes will define the possible inter-RAT mobility cases.
UE types
In order to list all the mobility cases, UEs can be defined according to the combination of 2 criteria:
· Radio interface support: UE supports LTE radio interface or NR radio interface or both
· NAS signalling support: UE supports EPC NAS signalling or NGC NAS signalling or both
The following table includes most of the combinations. Some of the combinations are excluded because the standard does not support it (e.g. “LTE or NR”+“EPC only” or “NR only”+“EPC only”) or because it is unrealistic (e.g. “LTE only”+”EPC and NGC”).


	Type
	Radio
	NAS
	Inter-RAT HO
	Tight interworking
	Remark

	1
	LTE and NR
(i.e. dual-radio)
	EPC only
	Yes
	Yes
	Option 3 UE

	2
	
	NGC only 
	Yes
	Yes
	Option 4/7 UE

	3
	
	EPC and NGC
	Yes
	Not needed
	Dual-registered

	4
	
	EPC or NGC
	Yes
	Yes
	Option 3/4/7 UE

	5
	LTE or NR
	NGC only 
	Yes
	No
	Option 2/5 UE

	6
	
	EPC or NGC
	Yes
	No
	Option 2/5 UE + legacy

	7
	LTE only
	EPC only
	No
	No
	Legacy UE

	8
	
	NGC only 
	No
	No
	Option 5 UE

	9
	
	EPC or NGC
	No
	No
	

	10
	NR only
	NGC only 
	No
	No
	Option 2 UE

	11
	
	EPC or NGC
	No
	No
	


Table 1: UE types according to radio compatibility and CN connectivity
Note 1: “LTE and NR” means that the UE can operate both radios at the same time. “LTE or NR” means that the UE is supporting both radios, but is not using both at the same time
Note 2: “EPC and NGC” means that the UE supports EPC and NGC NAS and can be registered on both CNs at the same time. “EPC or NGC” means that the UE supports EPC and NGC NAS but it excludes dual-registration (EPC and NGC registered at the same time)

The following conclusions can be done on the above UE types:
· Type 1: Option 3 only UEs are foreseen for early deployment
· Type 2: Implementing LTE radio but not EPC NAS in the UE would be a low priority scenario
· Type 3: Connection to EPC and NGC at the same time was agreed by SA2 in TR 23.799 [2] (clause 8.11.1)
· Type 4: Forward compatible UEs (compatible with options 3, 4 and 7) should be studied with high priority
· Types 5 and 6: No tight interworking UEs are possible (low-cost UEs) but are probably low priority
· Types 7 to 11: No inter-RAT HO is possible for these types therefore there is no need to study these cases
Therefore the colours in Table 1 reflect the priority for each UE type (i.e. green = high, orange = low, red = no need to be studied). And leads to the following observations:
Observation 1: UE type 1 (option 3 UE) and UE type 4 (option 3/4/7 UE) are likely to be deployed either in phase 1 or phase 2 and therefore need to be studied with high-priority
Observation 2: UE type 2 (Option 4/7), UE type 3 (dual-registered), UE type 5 (option 2/5) and UE type 6 (option 2/5 + legacy) are interesting for some use-cases but are lower priority than UE types 1 and 4
Proposal 1: UE type 1 (option 3 only UEs) and type 4 need to be taking into account when defining inter-RAT mobility

eNB and gNB types
Then eNB and gNB types need to be defined according to the following criteria:
· CN interface support: eNB/gNB supports S1 or NG or both
· Intra-RAN interface support: eNB/gNB supports Xx or Xn or both or none
The following tables include most of the combinations for each node. The same principle than UE types applies to eNB and gNB types. Some of the combinations are excluded because the standard does not support it or because it is unrealistic.
	Type
	CN interface
	RAN interface with NR
	Tight interworking
	Remark

	1
	S1 and NG
	Xn and Xx
	Yes
	Support options 3/4/5/7

	2
	
	Xx only
	Yes
	Support options 3/5

	3
	
	Xn only
	Yes
	Support options 4/5/7

	4
	
	None
	No
	Support option 5

	5
	S1 only
(legacy)
	Xn and Xx
	Yes
	Support options 3/4

	6
	
	Xx only
	Yes
	Support option 3

	7
	
	Xn only
	Yes
	Support option 4

	8
	NG only
	Xn only
	Yes
	Support options 5/4/7

	9
	
	None
	No
	Support option 5

	10
	None
	Xn only
	Yes
	Support option 4


Table 2: eNB types according to CN interface and intra-RAN interface support

The following conclusions can be done on the above eNB types:
· Type 1: Most realistic case when NGC is deployed. Can be an evolution of option 3/3a eNBs
· Type 2: Implementing NG interface but not Xn is probably an unrealistic case
· Type 3: Represents a legacy eNB evolution for an NR deployment with NGC available from the beginning (Xx not needed)
· Type 4: Implementing NG interface but not Xn is probably an unrealistic case
· Type 5: Can be an eNB migration from option 3 to option 4 (but not 7 nor 5)
· Type 6: Option 3/3a eNBs can be deployed in phase 1 when no NGC is available
· Type 7: Can be an eNB evolution for an NR deployment with NGC available from the beginning
· Types 8 to 10: Removing S1 support from already deployed eNBs is probably unrealistic. Nor is deploying new eNBs without S1 support (i.e. no more LTE or option 3 only UEs)
Therefore the colours in Table 2 reflect the priority for each eNB type (i.e. green = high, orange = low, red = no need to be studied). And leads to the following observations:
Observation 3: eNB type 1, type 3 and type 6 are likely to be deployed either in phase 1 or phase 2 and therefore need to be studied with high-priority
Observation 4: eNB type 5 and eNB type 7 are interesting for some use-cases but are lower priority than eNB types 1, 3 and 6
Observation 5: An eNB type 6 can be deployed when only EPC is available and can be easily upgraded into an eNB type 1 when NGC is deployed
Proposal 2: eNB type 1, type 3 and type 6 (which include option 3 only deployment) need to be taking into account when defining inter-RAT mobility

	Type
	CN interface
	RAN interface with LTE
	Tight interworking
	Remark

	1
	S1-U and NG
	Xn and Xx
	Yes
	Support options 2/3/4/7

	2
	
	Xx only
	Yes
	Support options 2/3

	3
	
	Xn only
	Yes
	Support options 2/4/7

	4
	
	None
	No
	Support option 2

	5
	S1-U only
	Xn and Xx
	Yes
	Support options 3/7

	6
	
	Xx only
	Yes
	Support option 3

	7
	
	Xn only
	Yes
	Support option 7

	8
	NG only
	Xn and Xx
	Yes
	Support options 2/3/4/7 but not 3a

	9
	
	Xx only
	Yes
	Support options 2/3 but not 3a

	10
	
	Xn only
	Yes
	Support options 2/4/7

	11
	
	None
	No
	Support option 2

	12
	None
	Xn and Xx
	Yes
	Support options 3/7 but not 3a/7a

	13
	
	Xx only
	Yes
	Support option 3 but not 3a

	14
	
	Xn only
	Yes
	Support option 7 but not 7a


Table 3: gNB types according to CN interface and intra-RAN interface support

The following conclusions can be done on the above gNB types:
· Type 1: Most realistic case when NGC is deployed. Can be an evolution of option 3/3a gNBs
· Type 2: Implementing NG interface but not Xn is probably an unrealistic case
· Types 3 and 4: Implementing S1-U interface but not Xx is probably an unrealistic case
· Type 5: Can be a gNB migration from option 3 to option 7
· Type 6: Option 3/3a gNBs can be deployed in phase 1 when no NGC is available
· Type 7: Implementing S1-U interface but not Xx is probably an unrealistic case. Option 7 only gNBs are more likely type 14
· Type 8: Can be an evolution from type 13 gNB when deploying NGC
· Type 9: Implementing NG interface but not Xn is probably an unrealistic case
· Type 10: Can be a gNB deployed for NGC only
· Type 11: Can be a small-cell without Xn connectivity
· Type 12: Can be a gNB migration from option 3 to option 7 (type 13 gNB to type 12 gNB)
· Type 13: Option 3 gNBs can be deployed in phase 1 when no NGC is available
· Type 14: Can be a small-cell for intra-NR DC
Therefore the colours in Table 3 reflect the priority for each gNB type (i.e. green = high, orange = low, red = no need to be studied). And leads to the following observations:
Observation 6: gNB type 1, type 6, type 8, type 10 and type 13 are likely to be deployed either in phase 1 or phase 2 and therefore need to be studied with high-priority
Observation 7: gNB type 5, eNB type 11, eNB type 12 and eNB type 14 are interesting for some use-cases but are lower priority than gNB types 1, 6, 8, 10 and 13
Observation 8: A gNB type 6 can be deployed when only EPC is available and can be easily upgraded into a gNB type 1 (or 5 if the gNB will always be an NSO SgNB as in option 7) when NGC is deployed
Observation 9: A gNB type 13 can be deployed when only EPC is available and can be easily upgraded into a gNB type 8 (or 12 if the gNB will always be an NSO SgNB as in option 7) when NGC is deployed
Proposal 3: gNB type 1, type 6, type 8, type 10 and type 13 (which include option 3 only deployment) need to be taking into account when defining inter-RAT mobility

Mobility cases
As discussed in 2.1 and 2.2, the most likely deployments will include:
· UE types 1 and 4
· eNB types 1, 3 and 6 plus legacy eNBs (i.e. eNB release 14 and beyond)
· gNB types 1, 6, 8, 10 and 13
A combination between all these types would include 40 distinct use-cases. A table combining some of the most likely deployed combinations, with a short analyse on inter-RAT HO is shown below.


	Case
	UE type
	eNB type
	gNB type
	Remark on inter RAT-HO

	1
	1
	6
	13
	Legacy HO with SeNB addition or SgNB addition only

	2
	1
	1
	8
	UE supports only option 3 (no NGC NAS). Legacy HO with SeNB addition or SgNB addition only

	3
	4
	1
	8
	Assumption that UE is connected to NGC by default. HO via NG (or Xn if available)

	4
	1
	Legacy
	13
	Legacy HO with SeNB addition or SgNB addition only

	5
	1
	Legacy
	8
	UE supports only option 3 (no NGC NAS). Legacy HO with SgNB addition or SeNB addition only

	6
	4
	Legacy
	8
	HO via NGx if available


[bookmark: _GoBack]Table 4: Mobility cases for some combinations between different UE, eNB and gNB types
Note 3: In green are the cases where only EPC is available. In blue are the cases where NGC is deployed

Observation 10: Most of the mobility cases can be supported by legacy or already identified procedures in the RAN3 TR. But some may need some additional support during the normative phase
Proposal 4: During the normative phase, the different combinations of UE, eNB and gNB types defined in this contribution need to be taken into account for inter-RAT mobility. RAN3 is kindly asked to agree the corresponding TP provided in section 5
Conclusion and proposals
The different inter-RAT mobility cases have been discussed in this contribution. The different UE, eNB and gNB types have been defined and some priorities have been proposed. Then some inter-RAT mobility cases were presented and briefly studied. In conclusion the following proposals were made:
Proposal 1: UE type 1 (option 3 only UEs) and type 4 need to be taking into account when defining inter-RAT mobility
Proposal 2: eNB type 1, type 3 and type 6 (including option 3 only deployment) need to be taking into account when defining inter-RAT mobility
Proposal 3: gNB type 1, type 6, type 8, type 10 and type 13 (including option 3 only deployment) need to be taking into account when defining inter-RAT mobility
Proposal 4: During the normative phase, the different combinations of UE, eNB and gNB types defined in this contribution need to be taken into account for inter-RAT mobility. RAN3 is kindly asked to agree the corresponding TP provided in section 5
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NOTE: In order to support every inter-RAT mobility use-cases, different combinations of UE, eNB and gNB types (defined by radio interface, NAS signalling, RAN-CN interface and RAN internal interface support) need to be taken into account during the normative phase
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