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1
Discussion

During the conference call on 5GC-EPC interworking some companies seemed to equate “Single Registration (SR) mode” with “Nx support in the network”.

In our view the two terms should not be used synonymously:

-
“SR mode” is a mode of operation that is agreed by the UE and the network. As clarified in 23.501, in this mode the UE maintains a single state machine for mobility management.

-
On the other hand, Nx is a network capability that enables seamless IP session continuity when “SR mode” is used. However, even in absence of Nx in the network, IP session continuity can still be achieved using existing EPC functionality (Handover Attach), although it may not qualify as “seamless” in the 5GC=>EPC direction.

Observation 1: “SR” is a mode of operation, Nx support is a network capability. The two should not be used synonymously.

When SA2 started the 5G study there was intent to minimise the "legacy baggage" on the 5G Core. This was also captured as Option 3 in the NGMN 5G Whitepaper.

In our view Nx support in the network should be a deployment choice for various reasons:

-
In some deployments 5G may be used for data-centric terminals only i.e. seamless handovers may not be needed, while non-seamless IP session continuity may still be required.

-
In some initial deployments the 5GC equipment may not support Nx.

-
Some operators may be happy with the non-seamless handover performance for voice e.g. if the 5G deployment is such (e.g. a major 5GC island with continuous 5GC coverage) that the likelihood of 5GC-EPC handovers is minimised.

-
Some operators may be happy with the non-seamless handover performance as a trade-off for minimizing the “legacy baggage” on the 5G Core.

-
Other.

Observation 2: Nx support in the network should be a deployment choice.

The current text in 23.501 assumes that in absence of Nx, the UE going out of 5G into EPC coverage will perform TAU. While this is described for Idle-mode mobility, the same behavior would apply to Connected-mode mobility.

-
For idle-mode mobility from 5GC to EPC, the UE performs TAU procedure with 4G-GUTI mapped from 5G-GUTI and the MME retrieves the UE's MM and SM context from 5GC. For connected-mode mobility from 5GC to EPC, inter-system handover is performed.

Given how the TAU procedure is defined today, the use of TAU on the target (EPC) side will result in TAU reject by the network, followed by Attach attempt by the UE. As a result, the IP session continuity will be broken and unnecessary signalling (TAU Request/Reject) will be incurred.

Observation 3: When Nx is not supported, according to current spec the IP session will be broken and unnecessary signalling (TAU Request/Reject) will be incurred.

In our opinion the standard should define a possibility for IP session continuity for UE operating in SR mode even in case of (partial or total) absence of Nx support in the network.

It is noted that RAN2 have agreed (see RAN2 meeting report in R2-1700672) to define an RRC Redirection procedure for NR. The RAN2 agreement states that RRC Redirection between NR and LTE can be used in both directions, and connected to either 5GC or EPC.

3.3.2
Inter-RAT

Including consideration of mobility between NR and LTE, and potentially other RATs.
Including output from email discussion [96#34][NR] Inter-RAT mobility (Intel)
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-
Qualcomm support this and think it is in line with SA2 and RAN3 thinking
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-
Samsung wonder why lossy handover is not the default for LTE-NR handover.

-
Intel think it is easier to support in this case of common CN than between LTE and 3G for example.

-
Ericsson agree that lossless should be supported.

-
LG think that lossy will be the baseline and wold like further study for lossless.

-
CMCC support lossless handover. 

Agreements:

1:
From RAN2 perspective as a baseline, for a “conventional” S1/NG based HO procedure between LTE connected to EPC and NR,  the target RAT receives the UE CN information and configures the UE based on this information with a complete RRC message and Full configuration (not delta).  Final decision on support and further details of CN information are dependent on SA2 decisions on HO using CN interface between NG Core and EPC.

2: 
RAN2 does not consider direct RAN interface between LTE connected to EPC and NR.  This does not preclude in-direct data forwarding as it has been supported between LTE and 3G could be considered by RAN3 without any RAN2 impact.

3:
HO between LTE connected to NG Core and NR is supported by RAN2 specifications 

4
For HO between LTE connected to NG Core and NR, the target RAT receives the UE CN information and configures the UE based on this information with a complete RRC message and Full configuration (not delta).  Whether the HO is over Xn or CN is transparent to the UE.

5
Lossless HO between RAN nodes (eNB and gNB) connected to NG Core should be supported by the specifications.  Further discussion is needed on the topic on both problem and solutions. This agreement should not restrict NR PDCP design.

6:  Source RAT should be able to configure Target RAT measurement and reporting for inter-RAT HO.  Discussion on use of measurement gaps for inter-RAT measurement should be done after intra-RAT measurement details are agreed.

7
 Release with redirection is supported between NR and LTE (both directions, and both connected to NG Core and EPC).
Observation 4: RAN2 have already agreed to support RRC Redirection for both directions and for both 5GC and EPC.

NG RAN needs to be configured for interworking with access stratum information for neighbouring cells of a different RAT to enable measurements of candidate target cells (e.g. frequencies, etc.) or to enable faster connection to the target cell (e.g. preambles, etc.). This type of information is needed regardless whether Nx is supported or not in the CN.

In addition to this, if Nx is not supported in the network, NG RAN will need to be configured to trigger RRC Redirection (instead of inter-RAT handover).

It suffice to define a new behavior in the UE so that upon RRC Redirection it performs HO Attach.
Proposal 1: HO Attach on the target side if it has been moved to EPS using RRC Redirection.

In the opposite direction (EPS=>5GS) the situation is even simpler given that a common Registration procedures is used, replacing the Attach and TAU procedures in EPS. Based on the temporary identifier provided in the Registration procedure the 5GC can deduce that UE comes from EPS and can attempt to fetch the UE context either from the MME (similar to TAU in EPS) or from the HSS/UDM (similar to HO Attach in EPS).

It is noted that in the opposite direction (EPS=>5GS) the UE uses the Registration procedure regardless whether RRC Redirection from E-UTRAN was used, or whether the UE has reselected autonomously. The use of RRC Redirection in this direction is therefore less critical, but is still useful to speed up the connection on the target side.

Proposal 2: UE uses the 5G Registration procedure on the target side, regardless whether it has been moved to 5GS using RRC Redirection or has reselected to NG RAN autonomously. In either case it should be possible to provide IP address preservation.
Some companies on the conference call seemed confused by the proposal, stating that HO Attach implies DR mode of operation. This incorrect, because lack of “full” support for SR mode (i.e. including seamless handover) does not imply DR support at all, neither in UE nor in the network. It is noted that HO Attach is a generic procedure that may or may not result in deregistration on the source side, so it is definitely not to be linked with DR mode only.

It was also commented that the proposal of using RRC Redirection to drive the selection of the NAS procedure would be “layer violation”. We would like to point out that the RRC Release with Redirection procedure in TS 36.331 today has already two cause values that trigger specific NAS behavior and are destined to NAS rather than to the AS:

· ReleaseCause ::=                                                             ENUMERATED {loadBalancingTAUrequired,

                                                                                                                                                                                                other, cs-FallbackHighPriority-v1020, rrc-Suspend-v1320}

Furthermore, TS 36.3312 contains two further examples with the following parameter in the MobilityFromEUTRACommand message: 

· nas-SecurityParamFromEUTRA                                  OCTET STRING (SIZE (1))
as well as the following parameter in the RRCConnectionReconfiguration message:

· nas-SecurityParamToEUTRA                                       OCTET STRING (SIZE(6))
that are both used by NAS to create mapped UMTS and EPS security contexts for handover from E-UTRAN to UTRAN/GERAN and vice versa.

Observation 5: TS 36.331 contains examples where the RRC Redirection procedure conveys information that is exclusively used by the NAS, including the case where it drives a specific NAS behaviour.

We would like to clarify here that the proposal is just an optimization of the SR mode interworking for network deployments “with Nx holes” (term suggested by NTT DOCOMO on the SA2 reflector).

Operators' input is definitely welcome on whether this use case (i.e. “deployment with Nx holes”) is seen as a valid use case that needs better handling (i.e. better than error handling = TAU Reject and loss of IP session continuity).

Regarding Idle mode mobility we propose two alternatives for consideration:

-
Alternative 1: Presented as “Solution 4” by NTT DOCOMO in the conference call on 12 Jun 2017. In this solution the UE attempts a TAU and receives a TAU Reject with a “Hanover Attach” required cause. Following which the UE performs a Hanover Attach.

-
Alternative 2: While camping on 5GC the UE is provided with a list of EPS Tracking Areas towards which the UE shall use Handover Attach (instead of TAU) for Idle-mode mobility.
Proposal 3: Discuss and select either of the two alternatives above to support idle-mode mobility with IP session continuity in deployments “with Nx holes”.

2
Proposal

It is proposed to define SR mode interworking for deployments “with Nx holes” as indicated in the two alternative proposals below.

The two alternatives differ in how idle-mode mobility is handled in the 5GS-to-EPS direction.

######################### TEXT PROPOSAL FOR TS 23.501 ###########################
################################## ALTERNATIVE 1 ################################

5.17.2
Interworking with EPC

5.17.2.1
General

In order to interwork with EPC, the UE that supports both 5GC and EPC NAS can operate in single-registration mode or dual-registration mode:

-
In single-registration mode, UE has only one active MM state (either RM state in 5GC or EMM state in EPC) and it is either in 5GC NAS mode or in EPC NAS mode (when connected to 5GC or EPC, respectively). Similarly, the network maintains one state either in the AMF or in the MME. UE maintains a single coordinated registration for 5GC and EPC.

-
In dual-registration mode, UE can handle independent registrations for 5GC and EPC. In this mode, the UE may be registered to 5GC only, EPC only, or to both 5GC and EPC.


The support of single registration mode is mandatory for UEs that support both 5GC and EPC NAS. If the network supports interworking with EPC, the network supports inter-system mobility procedures for single-registration mode or dual-registration mode.

If UE also supports dual-registration mode, the UE during initial 5GC registration procedures provides its support dual-registration mode to the network. The network selects one of the two modes, based on UE capabilities, network capabilities and operator policies, and provides the selected mode to the UE in the registration response message. This mode is valid in the UE's 5GC registration area and maybe updated by the network during subsequent registration procedure.

Editor's note:
It is FFS if such an indication is also needed in EPC/E-UTRAN.

During E-UTRAN Initial Attach, UE supporting both 5GC and EPC NAS shall indicate its support of 5G NAS in UE Network Capability described in clause 5.11.3 of TS 23.401 [26].

During registration to 5GC, UE supporting both 5GC and EPC NAS shall indicate its support of EPC NAS.

NOTE x: This indication may be used to give the priority towards selection of PGW-C + SMF for UEs that support both EPC and 5GC NAS.

5.17.2.2
Mobility in single-registration mode

Single-registration mode requires support for Nx interface between AMF in 5GC and MME in EPC to enable seamless session continuity (e.g. for voice services) for inter-system change.

When UE operates in single-registration mode:

-
For idle-mode mobility from 5GC to EPC, the UE performs TAU procedure with 4G-GUTI mapped from 5G-GUTI and the MME retrieves the UE's MM and SM context from 5GC. When Nx is not supported the MME sends a TAU Reject message to the UE with a “Handover Attach required” cause value. Upon reception of the TAU Reject message the UE performs the Attach procedure including the “handover indication” in the embedded PDN Connection Request message.
-
For connected-mode mobility from 5GC to EPC:
-
when Nx is supported in the network inter-system handover is performed.
-
when Nx is not supported in the network RRC Redirection can be used in access stratum to redirect the UE to the target cell. Upon reselection to the target cell the UE performs EPS Attach,with handover indication in the PDN Connection Request message, if so instructed by the RRC Redirection procedure.

-
For idle-mode mobility from EPC to 5GC, the UE performs registration procedure with 5G-GUTI mapped from 4G-GUTI and the AMF and SMF retrieve the UE's MM and SM context from EPC. When Nx is not supported the UE context is retrieved via the HSS/UDM.
-
For connected-mode mobility from EPC to 5GC:

-
when Nx is supported in the network inter-system handover is performed.

-
when Nx is not supported in the network RRC Redirection may be used in access stratum to redirect the UE to the target cell. Upon reselection to the target cell the UE performs the 5GS Registration procedure, regardless whether it was moved from EPS using RRC Redirection or whether it has reselected autonomously.



######################### TEXT PROPOSAL FOR TS 23.501 ###########################
################################## ALTERNATIVE 2 ################################

5.17.2
Interworking with EPC

5.17.2.1
General

In order to interwork with EPC, the UE that supports both 5GC and EPC NAS can operate in single-registration mode or dual-registration mode:

-
In single-registration mode, UE has only one active MM state (either RM state in 5GC or EMM state in EPC) and it is either in 5GC NAS mode or in EPC NAS mode (when connected to 5GC or EPC, respectively). Similarly, the network maintains one state either in the AMF or in the MME. UE maintains a single coordinated registration for 5GC and EPC.

-
In dual-registration mode, UE can handle independent registrations for 5GC and EPC. In this mode, the UE may be registered to 5GC only, EPC only, or to both 5GC and EPC.


The support of single registration mode is mandatory for UEs that support both 5GC and EPC NAS. If the network supports interworking with EPC, the network supports inter-system mobility procedures for single-registration mode or dual-registration mode.

If UE also supports dual-registration mode, the UE during initial 5GC registration procedures provides its support dual-registration mode to the network. The network selects one of the two modes, based on UE capabilities, network capabilities and operator policies, and provides the selected mode to the UE in the registration response message. This mode is valid in the UE's 5GC registration area and maybe updated by the network during subsequent registration procedure.

Editor's note:
It is FFS if such an indication is also needed in EPC/E-UTRAN.

During E-UTRAN Initial Attach, UE supporting both 5GC and EPC NAS shall indicate its support of 5G NAS in UE Network Capability described in clause 5.11.3 of TS 23.401 [26].

During registration to 5GC, UE supporting both 5GC and EPC NAS shall indicate its support of EPC NAS.

NOTE x: This indication may be used to give the priority towards selection of PGW-C + SMF for UEs that support both EPC and 5GC NAS.

5.17.2.2
Mobility in single-registration mode

Single-registration mode requires support for Nx interface between AMF in 5GC and MME in EPC to enable seamless session continuity (e.g. for voice services) for inter-system change.

When UE operates in single-registration mode:

-
For idle-mode mobility from 5GC to EPC:

-
the 5GC network provides the UE with a list of EPS Tracking Areas towards which UE shall use Handover Attach (instead of TAU) for idle-mode mobility.
-
when Nx is supported in the network the UE performs TAU procedure with 4G-GUTI mapped from 5G-GUTI and the MME retrieves the UE's MM and SM context from 5GC. 
-
when Nx is not supported in the network the UE performs EPS Attach with handover indication in the PDN Connection Request message, if so instructed by the stored NAS information provided by the 5GC network.
-
For connected-mode mobility from 5GC to EPC:
-
when Nx is supported in the network inter-system handover is performed.
-
when Nx is not supported in the network RRC Redirection can be used in access stratum to redirect the UE to the target cell. Upon reselection to the target cell the UE performs EPS Attach, with or without handover indication in the PDN Connection Request message, as instructed by the RRC Redirection procedure.

-
For idle-mode mobility from EPC to 5GC, the UE performs registration procedure with 5G-GUTI mapped from 4G-GUTI and the AMF and SMF retrieve the UE's MM and SM context from EPC.When Nx is not supported the UE context is retrieved via the HSS/UDM.
-
For connected-mode mobility from EPC to 5GC:

-
when Nx is supported in the network inter-system handover is performed.

-
when Nx is not supported in the network RRC Redirection may be used in access stratum to redirect the UE to the target cell. Upon reselection to the target cell the UE performs the 5GS Registration procedure, regardless whether it was moved from EPS using RRC Redirection or whether it has reselected autonomously.
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