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1 Introduction
Following the discussion and agreements[1] from the last meeting this document looks at the options for the UE, gNB and eNB for Inter-RAT mobility and proposes additional text for TR38.804. 
The following SA2 Agreement on EPC-NextGen Core interworking (23.799[2] clause 8.11.1) is included for reference:

· The standard will define mobility procedures from NG Core to EPC (and vice versa) for UEs that are "dual registered" in NG Core and EPC and no NGx interface is supported between NG Core and EPC. Whether "handover Attach" or TAU will be used by "dual registered" UEs when they move from NG Core to EPC (and vice versa) will be defined in normative phase.

The implication of this SA2 agreement is that they will continue to work on mobility mechanisms for “dual registered” UE and RAN2 needs to consider the RAN consequences.
2 Discussion
As agreed in the last meeting [1] handover between LTE connected to EPC and NR can be expected to be similar to those used between LTE and other RATs.  Typically there will be three main scenarios:

1. NR and LTE connected to Next Gen Core
2. NR and Legacy (i.e. non-evolved E-UTRAN and, optionally, GERAN/UTRAN)
3. LTE connected to Next Gen Core and Legacy (i.e. non-evolved E-UTRAN and, optionally, GERAN/UTRAN)  
An illustration of all the possible architecture options for Inter-RAT HO is shown below in figure 1, where NGC is the NextGen Core Network:  A core network that connects to a NextGen access network.  This diagram also shows the possible Xx and Xn interconnections between the basestations. To consider the inter RAT HO options further the architecture is considered together with the network migration options identified in RAN3 TR [3].
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Figure 1 Interworking Architecture
In the above architecture the UE could be connected to either eNB or gNB and both these can be connected to the EPC or NGC or both. The leads us a consideration of the definition of the following types of UE which may connect to the network shown in table 1. 

	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
In the table, LTE and NR means that the UE can operate both radios at the same time. LTE or NR: means that the UE is compatible with both radios, but is not using both at the same time. From the table type 1 UEs (Migration Option 3 [3] only) are foreseen for very early deployment. Therefore it is expected that specification support for these UEs should be completed in phase 1 of the NR WI. Additionally type 4 UEs with forward compatibility (Migration options 3, 4 and 7) should be studied with high priority. For UEs type 5,6 there is no tight interworking implemented in the UE, this type of device (low cost) may exist, but there may be no additional specification impact to support them.  UE types 7-11 have no inter-RAT HO.
Observation 1: Migration Option 3 [3] only UEs are foreseen for very early deployment. Proposal 1: Specification support for Migration Option 3 UEs should be completed in phase 1 of the NR WI.
Considering the SA2 agreement is that they will continue to work on mobility mechanisms for the “dual registered” UE, RAN2 has to also consider the case where inter-RAT mobility occurs by the UE using an ATTACH procedure to the target RAT, in this case type 3 UEs that are capable of operating with concurrent connections are required. This could lead to a number of different UEs being supported with different mechanisms to support dual RAT operation, which would require more specification support. 
Proposal 2: The dual registered UE connected to two different RATS can support both inter-RAT mobility and inter-RAT aggregation 
Considering the architecture shown in figure 1, we can derive the following table to describe all the possible types for the gNB implementation as shown in table 2 with tight interworking (migration) options as described in [3].
	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 2: gNB types according to CN interface and intra-RAN interface support
From the table we can see that when gNBs are deployed with only EPC available that either Type 6 (options 3 and 3a) or type 13 (options 3) can be used. When the NGC is deployed gNB type 6 can be migrated into type 1 (or 5) and Type 13 can be upgraded into type 8 (or 12). For gNB types 2,9 & 3,4,7 it seems unlikely that these scenarios need to be supported as it is not likely to implement NG interface but not Xn or implement the S1-U interface but not Xx.

Considering the architecture shown in figure 1, we can derive the following table to describe all the possible types for the eNB implementation as shown in table 3 with tight interworking (migration) options as described in [3].
	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 3: eNB Types according to CN interface and intra-RAN interface support
If we assume X2 is always supported, the most likely scenarios when NGC is deployed are type 1 and 3 (if NGC is available from the beginning). Type 6 (no NGC available) can be deployed if migration options 3/3a are needed. 
3 Conclusions
A Text Proposal for TR38.804 is shown in section 5 with the following proposals:  
Observation 1: Migration Option 3 [3] only UEs are foreseen for very early deployment. Proposal 1: Specification support for Migration Option 3[3] UEs should be completed in phase 1 of the NR WI.
Proposal 2: The dual registered UE connected to two different RATS can support both inter-RAT mobility and inter-RAT aggregation.
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10.2
Inter RAT

The following list defines the mobility support between NR and LTE connected to NG Core and EPC.  (see Figure 10.2-1).

1)
Support for HO between NR and LTE connected to EPC depends on SA2 decisions and support of NGx with context mapping between NG Core and EPC. If supported, from RAN2 perspective, a “conventional” S1/NG based HO procedure is used where the target RAT receives the UE S1 context information and based on this information configures the UE with a complete RRC message and Full configuration (not delta).  

NOTE: RAN2 does not consider direct RAN interface between eNB connected to EPC and NR.  This does not preclude indirect data forwarding over S1-NG-C being considered by other WGs without any RAN2 impact.
NOTE: Specification should support at least UEs implementing Inter-RAT HO and Tight interworking with only NAS connection to EPC
2)
Both Xn and CN HO between LTE connected to NG Core and NR is supported by RAN2 specifications.  The target RAT receives the UE NG-C context information and based on this information configures the UE with a complete RRC message and Full configuration (not delta).  Whether the HO is over Xn or CN is transparent to the UE.

3)
Lossless HO between RAN nodes (eNB and gNB) connected to NG Core should be supported by the specifications.  Details are FFS.

4)  Source RAT should be able to support and configure Target RAT measurement and reporting for inter-RAT HO. 
5) The dual registered UE connected to two different RATS can support both inter-RAT mobility and inter-RAT aggregation.
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Figure 10.2-1:  Example message flow for Inter-RAT mobility from NR to LTE connected to EPC and NG Core (Note: Network messages are not shown except one that carry RRC message)
Inter-RAT re-selection state transitions are shown in Figure 5.5.2-2.
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