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1. Introduction
In this paper, we discuss issues related to inter-RAT mobility from NR to EUTRA.
2. Discussion
2.1 Handover
5G NAS does not support piggyback NR SM message in Registration Request message. Hence a UE in NR does not activate a PDU Session during a registration procedure. The UE in NR may not activate any PDU Session after registration procedure. The gNB only configures SRB for the UE without any PDU Session activated when the UE initiates the emergency services fallback. In this case, there is no DRB configured to the UE. The gNB can initiate handover for the emergency services fallback acording to TS 23.502 v15.1.0. Thus, we have observations below.
Observation 1: Handover to EUTRA connected to 5GC for SRB only connection is supported from SA2 perspective.

Observation 2: Handover to EUTRA connected to EPC for SRB only connection is supported from SA2 perspective.
In our understanding, inter-RAT handover from GERAN/UTRAN to LTE for SRB only connection currently is not supported in RAN3 specifications. To support inter-RAT handover from 5GC to EPC for SRB only connection, it requires RAN3 to change S1 AP protocol. It takes much effort to change the S1 AP protocol to support this case but the gain is small, given that the handover does not provide more gain (e.g. much lower latency) over the redirection in the emergency services fallback case. 
Althougth RAN3 is developing NG AP protocol, there is no legacy constraint to support intra 5GC inter-RAT handover for SRB only connection. However, we don’t think the emergency services fallback use case justifies to support it. We also don’t find other use cases to justifiy to support it.
We think it is sufficient to use the redirection for the UE without any PDU Session in the emergency services fallback. We don’t need to support inter-RAT handover from NR to EUTRA connected to 5GC/EPC for SRB only connection. With the same reason, we don’t need to support inter-RAT handover from EUTRA connected to 5GC to EUTRA connected to EPC for SRB only connection.
Proposal 1: Inter-RAT handover for SRB only connection is not supported in NR and EUTRA connected to 5GC.
Proposal 2: Send a LS to SA2/RAN3 to inform RAN2 agreements.

2.2 Rredirection
Note, SA2 in TS 23.502 does not specify the case that the gNB initiates redirection to EUTRA connected to 5GC for the emergency services fallback. From RAN2 perspective, there is no difference between in rediretion to EUTRA connected to 5GC for the emergency services fallback and for the EPS fallback.
Proposal 3: Redirection to EUTRA connected to 5GC for the emergency services fallback can be supported from RAN2 perspective.
We propose to send a LS to SA2 to clarify that redirection to EUTRA connected to 5GC for the emergency services fallback can be supported from RAN2 perspective.
Proposal 4: Send a LS to SA2 to redirection to EUTRA connected to 5G can be used for the emergency services fallback.
Redirection with UTRAN system informtion was introduced for CS fallback later (i.e. Release 9) since it was justified that it saves time for the UE to read the UTRAN system information after redirection. Hence, it speeds up for the UE to establish the CS call after the UE selects a UTRAN cell. With a similar reason, redirection with EUTRAN system information should be supported to speed up call establishment for the IMS voice (including the emergency call). The redirection command should include MIB, SIB1 and SIB2.
Proposal 5: Redirection with EUTRAN system information is supported. The redirection command should include MIB, SIB1 and SIB2.
In LTE, we use LTE RRC Connection Release to redirect the UE to a LTE frequency or a LTE cell and to redirect the UE from LTE to other RAT. Without doubt, we will have a NR RRC Connection Release message and support redirection to a NR frequency or a NR cell. We propose to use the NR RRC Connection Release message to redirect the UE from NR to EUTRA.

Proposal 6: RRC Connection Release message is used to perform the redirection from NR to EUTRA.

Currently there is no use case specified by SA2 to support redirection to other RAT except EUTRA. Redirection from NR to other RAT does not require an interface between NR and other RAT. RAN2 should discuss whether we need to introduce redirection to other RAT except EUTRA.
Proposal 7: Discuss and decide whether to support redirection to other RAT except EUTRA.
2.3 UE capabilities
In LTE, the inter-RAT handover to UTRAN and redirection to UTRAN are mandatory without capability signaling. The inter-RAT handover to UTRAN has a FGI and the rediretion to UTRAN has no FGI. Therefore, we propose to follow a similar principle. 
Proposal 8: The handover to EUTRA connected to 5GC is mandatory without capability signaling and with FGI.
Proposal 9: The handover to EUTRA connected to EPC is mandatory without capability signaling and with FGI.

Proposal 10: The redirection to EUTRA connected to 5GC is mandatory without capability signaling and without FGI.

Proposal 11: The redirection to EUTRA connected to EPC is mandatory without capability signaling and without FGI.
3. Conclusion

Proposal 1: Inter-RAT handover for SRB only connection is not supported in NR and EUTRA connected to 5GC.
Proposal 2: Send a LS to SA2/RAN3 to inform RAN2 agreements.
Proposal 3: Redirection to EUTRA connected to 5GC for the emergency services fallback can be supported from RAN2 perspective.
Proposal 4: Send a LS to SA2 to redirection to EUTRA connected to 5G can be used for the emergency services fallback.

Proposal 5: Redirection with EUTRAN system information is supported. The redirection command should include MIB, SIB1 and SIB2.

Proposal 6: RRC Connection Release message is used to perform the redirection from NR to EUTRA.

Proposal 7: Discuss and decide whether to support redirection to other RAT except EUTRA.
Proposal 8: The handover to EUTRA connected to 5GC is mandatory without capability signaling and with FGI.

Proposal 9: The handover to EUTRA connected to EPC is mandatory without capability signaling and with FGI.

Proposal 10: The redirection to EUTRA connected to 5GC is mandatory without capability signaling and without FGI.

Proposal 11: The redirection to EUTRA connected to EPC is mandatory without capability signaling and without FGI.
4. Annex: Emergency services fallback and EPS fallback in 23.502
4.13.4.2
Emergency Services Fallback

The call flow in Figure 4.13.4.2-1 describes the procedure for emergency services fallback.
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Figure 4.13.4.2-1: Emergency Services Fallback

1.
UE camps on E-UTRA or NR cell in the 5GS (in either CM_IDLE or CM_CONNECTED state).
2.
UE has a pending IMS emergency session request (e.g. voice) from the upper layers.

3.
If the AMF has indicated support for emergency services using fallback via the Registration Accept message for the current RAT, the UE sends a Service Request message indicating that it requires emergency services fallback.

4.
5GC triggers a request for Emergency Services Fallback by executing an NG-AP procedure in which it indicates to NG-RAN that this is a fallback for emergency services. When AMF initiates Redirection for UE(s) that have been successfully authenticated, AMF includes the security context in the request to trigger fallback towards NG-RAN.
5.
One of the following procedures is executed by NG-RAN:

5a.
NG-RAN initiates handover (see clause 4.9.1.3) to a 5GC-connected E-UTRAN cell, if UE is currently camped on NR.

5b. NG-RAN initiates handover (see clause 4.11.1.2.1) or redirection to E-UTRAN connected to EPS. NG-RAN uses the security context provided by the AMF to secure the redirection procedure.
6.
After handover to the target cell the UE establishes a PDU Session / PDN connection for IMS emergency services and performs the IMS procedures for establishment of an IMS emergency session (e.g. voice) as defined in TS 23.167 [28].
4.13.6.1
EPS fallback for IMS voice

Figure 4.13.6.1-1 describes the EPS fallback procedure for IMS voice.

When the UE is served by the 5G System, the UE has one or more ongoing PDU Sessions each including one or more QoS Flows. The serving PLMN AMF has sent an indication towards the UE during the Registration procedure that IMS voice over PS session is supported, see clause 5.16.3.9 in TS 23.501 [2] and the UE has registered in the IMS. If N26 is not supported, the serving PLMN AMF sends an indication towards the UE during the Registration procedure that interworking without N26 is supported, see clause 5.17.2.3.1 in TS 23.501 [2].


[image: image2.emf] 

UE  

AMF  

E - UTRAN  

M ME  

NG RAN  

SGW  

PGW /    SMF / UPF  

IMS  

2.  NW initiated PDU session modification to setup QoS flow for   IMS   voice  

3 .  Trigger for  fallback ,   optional  Measurement  Report Solicitation  

7 .  NW initiated PDN connection modification to setup dedicated bearer for voice  

6 a .  TA U Procedure  

5 . R edirection   or Handover to EPS     

4 .  Reject  PDU session modification  indicating IMS Voice Fallback in progress  

6 b .  Attach with PDN connectivity request with request type "handover"  

8 .  IMS Voice session establishment continued  

  1. MO or MT IMS voice session in 5GS; QoS flow for voice establishment initiated    


Figure 4.13.6.1-1: EPS Fallback for IMS voice

1.
UE camps on NG-RAN in the 5GS and an MO or MT IMS voice session establishment has been initiated.

2.
Network initiated PDU Session modification to setup QoS flow for voice reaches the NG-RAN (see N2 PDU Session Request in clause 4.3.3).

3.
NG-RAN is configured to support EPS fallback for IMS voice and decides to trigger fallback to EPS, taking into account UE capabilities, indication from AMF that "Redirection for EPS fallback for voice is possible", network configuration (e.g. N26 availability configuration) and radio conditions. If NG-RAN decides not to trigger fallback to EPS, then the procedure stops here and following steps are not executed.


NG-RAN may initiate measurement report solicitation from the UE including E-UTRAN as target.

NOTE:
If AMF has indicated that "Redirection for EPS fallback for voice is not possible", then AN Release via inter-system redirection to EPS is not performed in step 5.

4.
NG-RAN responds indicating rejection of the PDU Session modification to setup QoS flow for IMS voice received in step 2 by N2 PDU Session Response message towards the SMF+PGW-C with an indication that mobility due to fallback for IMS voice is ongoing.

5.
NG-RAN initiates either handover (see clause 4.11.1.2.1), or AN Release via inter-system redirection to EPS (see clause 4.2.6), taking into account UE capabilities.

6.
When the UE is connected to EPS:

6a.
In thee case of 5GS to EPS handover, see clause 4.11.1.2.1, and in the case of inter-system redirection to EPS with N26 interface, see clause 4.11.1.3.2. In either case the UE initiates TAU procedure; or

6b.
In the case of inter-system redirection to EPS without N26 interface, see clause 4.11.2.2. If the UE supports Request Type flag "handover" for PDN connectivity request during the attach procedure as described in clause 5.3.2.1 of TS 23.401 [13] and has received the indication that interworking without N26 is supported then the UE initiates Attach with PDN connectivity request with request type "handover".

7.
After completion of the mobility procedure to EPS, the SMF/PGW re-initiates the setup of the dedicated bearer for IMS voice. The SMF+PGW-C behaves as specified in clause 4.9.1.3.1.

8.
The IMS voice session establishment is continued.

At least for the duration of the voice call in EPS the E-UTRAN is configured to not trigger any handover to 5GS.

4.13.6.2
Inter RAT Fallback in 5GC for IMS voice

Figure 4.13.6.2-1 describes the RAT fallback procedure in 5GC for IMS voice.

When the UE is served by the 5GC, the UE has one or more ongoing PDU Sessions each including one or more QoS Flows. The serving PLMN AMF has sent an indication towards the UE during the Registration procedure that IMS voice over PS session is supported, see clause 5.16.3.9 in TS 23.501 [2] and the UE has registered in the IMS.
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Figure 4.13.6.2-1: RAT Fallback for voice

1.
UE camps on source NG-RAN in the 5GS and an MO or MT IMS voice session establishment has been initiated.

2.
Network initiated PDU Session modification to setup QoS flow for IMS voice reaches the source NG-RAN (see N2 PDU Session Request in clause 4.3.3).

3.
If source NG-RAN is configured to support RAT fallback for IMS voice, source NG-RAN decides to trigger RAT fallback, taking into account on UE capabilities, network configuration and radio conditions.

4.
Source NG-RAN responds indicating rejection of the PDU Session modification to setup QoS flow for IMS voice received in step 2 by N2 PDU Session Response message towards the SMF with an indication that mobility due to fallback for IMS voice is ongoing.

5.
Source NG-RAN may initiate measurement report solicitation from the UE including target NG-RAN.

6.
Source NG-RAN initiates Xn based inter NG-RAN handover (see clause 4.9.1.2) or N2 based inter NG-RAN handover (see clause 4.9.1.3), or redirection to E-UTRA connected to 5GC.

7.
After completion of the intra NG-RAN (inter-RAT) handover, the SMF re-initiates the setup of the dedicated bearer for IMS voice.

8.
The IMS voice session establishment is continued.

At least for the duration of the IMS voice call the target NG-RAN is configured to not trigger inter NG-RAN handover back to source NG-RAN.
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8. IMS Voice session establishment continued
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5. Optional Measurement Report Solicitation
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8. IMS voice establishment continued
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