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Introduction
In RAN2#103bis in Chengdu, release and redirect in 2-steps procedure has been discussed and agreed. This paper discusses the inter-RAT case and requests RAN2 to confirm that redirection to be performed for Release in response to Resume Request is also supported in the case of inter-RAT redirection.
[bookmark: _Ref178064866]Discussion
In RAN2#AH 2018-07 in Montreal, the security aspects of the RRCRelease message containing redirection information were discussed for NR and that generated the LS to SA3 that was replied in RAN2#103 [1]. The discussions were that redirection seemed a sensitive information to be protected, later confirmed by SA3.
However, there was a performance concern in terms of latency for incoming UEs trying to resume or setup a connection that want to access a specific service not supported in a target cell (e.g. VoIP, video call, etc.) or even in the target RAT. In the case of the incoming UE is in RRC_IDLE, the UE would need to trigger an RRC establishment procedure, enter RRC_CONNECTED, perform initial security activation, and, only then be able to receive the protected redirection information from the network in the RRCRelease message.
RRC state upon redirection to EUTRA
For an RRC_INACTIVE UE, security is already activated so that there is no need to trigger an initial security activation procedure and involve the core network. Hence, upon sending an RRC resume request like message, if the service requested by the UE is not supported by NR, the network may respond with an RRCResume to first move the UE to RRC_CONNECTED. Once in RRC_CONNECTED, the network may send an encrypted and protected RRCRelease message containing redirection information, possibly including EUTRA carrier information. Then, according to the specifications, the UE shall perform cell selection to the indicated carrier. One aspect that not very clear in the specifications NR RRC is whether it is possible to move the UE to RRC_INACTIVE and, at the same time provide that inter-RAT carrier information. 
In RAN2#101 in Athens [2], the following has been agreed concerning inter-RAT cell re-selection:
=>	RAN2 will not specify inter-RAT mobility between LTE and NR in INACTIVE state in Rel-15. Can be considered for Rel-16 (to be concluded by RAN plenary)
=>	RAN2 aim to define INACTIVE in LTE and NR in a way that this can be possible to introduce in future.
Agreement
1: 	Inter-RAT re-selection from NR INACTIVE  to an LTE/5GC cell, UE moves to Idle and informs NAS to trigger NAS recovery.

In the same meeting a CR to 38.300 has been agreed so that the following was added:
[bookmark: _Toc502484385]*****************************************************************************************************
[bookmark: _Toc502484383]9.3	Inter RAT
[bookmark: _Toc502484384]9.3.1	Intra 5GC
9.3.1.1	Cell Reselection
Cell reselection is characterised by the following:
-	Cell reselection between NR RRC_IDLE and E-UTRA RRC_IDLE is supported;
-	Cell reselection from NR RRC_INACTIVE to E-UTRA RRC_IDLE is supported.
. . . 
9.3.2	From 5GC to EPC
9.3.2.1	Cell Reselection
Cell reselection is characterised by the following:
-	Cell reselection between NR RRC_IDLE and E-UTRA RRC_IDLE is supported.;
-	Cell reselection from NR RRC_INACTIVE to E-UTRA RRC_IDLE is supported.
[bookmark: _Hlk528652387]*****************************************************************************************************

However, the agreements and text in 38.300 do not cover the case where an NR RRC_INACTIVE UE performs cell selection to an EUTRA frequency even without performing cell selection to NR beforehand. According to 38.331, network may provide the UE with a suspendConfig (upon which the UE enters RRC_INACTIVE) and, at the same time, with a redirectedCarrierInfo indicating redirection to eutra, upon which the UE enters RRC_INACTIVE in NR and perform cell selection to an EUTRA frequency.
According to NR RRC, network may provide the UE with a redirectedCarrierInfo indicating redirection to eutra and move the UE to RRC_INACTIVE.

In our view, the reasoning to avoid the inter-RAT cell re-selection for RRC_INACTIVE UEs was the lack of time to possibly standardize an inter-RAT resume procedure in Rel-15 [2]. Hence, based on the same motivation, the specifications should clarify that the possibility to suspend the UE in one RAT and let the UE resume in another RAT is not supported.
A first alternative to clarify that is to modify the signalling to comprise that restriction or to add a condition. However, it has been agreed that RAN2 aim to define INACTIVE in LTE and NR in a way that this can be possible to introduce in future. Then, a simpler solution would be to define that upon inter-RAT cell selection (e.g. to EUTRA) in RRC_INACTIVE the UE enters RRC_IDLE. That seems consistent with the NAS behaviour defined in 24.501 [3] which is to transition from 5GMM-CONNECTED mode with RRC inactive indication to 5GMM-IDLE to 5GMM-IDLE both when the lower layers indicate a transition on RRC level from inactive to idle and an indication of cell selection to EUTRAN, as shown below:
*****************************************************************************************************
The UE shall transition from 5GMM-CONNECTED mode with RRC inactive indication to 5GMM-IDLE mode over 3GPP access upon receiving from the lower layers:
a)	indication of transition from RRC_INACTIVE state to RRC_IDLE state;
b)	AMF paging indication; or
c)	indication of cell selection to E-UTRAN or another RAT that the UE supports.
*****************************************************************************************************
Notice that this also covers the case of an NR RRC_INACTIVE UE being out of coverage, after performing cell selection selects an EUTRA cell, where the intended transition should be to enter RRC_IDLE. Another question would be the UE actions after transitioning from RRC_INACTIVE to RRC_IDLE and/or upon cell selection to EUTRA. In our understanding, that should be left to NAS e.g. by either always triggering a registration area update, or only triggering when the selected cell is not in the UE’s configured list of registration areas or by triggering the similar service request that was redirected to EUTRA.
Upon receiving redirection information to EUTRA, UE transitions to RRC_IDLE.

A companion CR to 38.331 addresses that particular aspect [].

Baseline release with redirection to an EUTRA frequency for an incoming UE in RRC_INACTIVE
If the UE enters RRC_IDLE upon cell selection after the reception of an RRCRelease with redirect information to a EUTRA frequency, NAS will either trigger a registration area update or a service request, leading to the following signalling flow:

[image: ]
Figure 1 Release and Redirect to EUTRA entering RRC_CONNECTED
Delay when redirect to EUTRA entering RRC_CONNECTED is 2*RTT_nr (RRCResumeRequest, RRCResume, RRCResumeComplete, RRCRelease) + 1.5*RTT_Xn (network delay in source from context fetching) + RTT_5CN (signalling between CN and source path switch) + 3.5*RTT_eutra (RRCConnectionRequest, RRCSetup, RRCSetupComplete, DLInformationTransfer, ULInformationTransfer, SecurityModeCommand, SecurityModeComplete) + 2*RTT_EPC (signalling between CN and target eNB) = 2*RTT_nr + 3.5RTT_eutra + 1.5RTT_Xn + RTT_5GC + 2*RTT_EPC.



Release and Redirect without entering RRC_CONNECTED 
In our view, in addition to the RNA update use case, it is also beneficial to support the 2-step procedure (RRCResumeRequest followed RRCRelease messages) for the case of Release and Redirect to reduce the latency. In RAN2#103bis in Chengdu, the following is captured in chairman’s notes concerning the Release and Redirect in 2-steps for RRC_INACTIVE UEs [4]:
***************************************************************************************************************************
R2-1814088	CR to 38.304 on Release and Redirect in 2-step procedure	Ericsson	CR	Rel-15	38.304	15.1.0	0056	-	F	NR_newRAT-Core
=>	Reword " On transition from RRC_CONNECTED to RRC_IDLE state or RRC_INACTIVE state " to allow the redirection to be performed for Release in response to Resume Request
=>	Revised in R2-1815961 (Offline discussion 76)

R2-1815961	CR to 38.304 on Release and Redirect in 2-step procedure	Ericsson	CR	Rel-15	38.304	15.1.0	0056	1	F	NR_newRAT-Core
=>	Agreed in principle
***************************************************************************************************************************

Similar latency benefits can be achieved when supporting the 2-steps release and redirect in the case the UE is redirected to an EUTRA frequency as the UE can skip 2 RRC messages (RRCResume and RRCResumeComplete) in NR, compared to the case where the UE first enters RRC_CONNECTED, as shown below. 
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Figure 2 Release and Redirect to EUTRA without entering RRC_CONNECTED
Delay when redirect to EUTRA without entering RRC_CONNECTED is RTT_nr (RRCResumeRequest, RRCRelease) + 1.5*RTT_Xn (network delay in source from context fetching) + RTT_5CN (signalling between CN and source path switch) + 3.5*RTT_eutra (RRCConnectionRequest, RRCSetup, RRCSetupComplete, DLInformationTransfer, ULInformationTransfer, SecurityModeCommand, SecurityModeComplete) + 2*RTT_EPC (signalling between CN and target eNB) = RTT_nr + 3.5RTT_eutra + RTT_5GC + 2*RTT_EPC+1.5RTT_Xn.


Further latency reductions may be achieved in case the network does not perform context relocation before releasing the UE. The gain consists of at least one RTT on network level (between gNB and AMF) as one does not need to perform path switch.
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Figure 3 Release and Redirect to EUTRA without context relocation and without entering RRC_CONNECTED 

Delay when redirect to EUTRA without context relocation and without entering RRC_CONNECTED is RTT_nr (RRCResumeRequest, RRCRelease) + 1.5*RTT_Xn (network delay in source from context fetching) + 3.5*RTT_eutra (RRCConnectionRequest, RRCSetup, RRCSetupComplete, DLInformationTransfer, ULInformationTransfer, SecurityModeCommand, SecurityModeComplete) + 2*RTT_EPC (signalling between CN and target eNB) = RTT_nr + 3.5RTT_eutra + 1.5RTT_Xn 2*RTT_EPC.
The latency in different scenarios can be summarized in the following table:
	3-steps procedure (with context relocation)
	2-steps procedure (with context relocation)
	2-steps procedure (without context relocation)

	2RTT_nr+3.5RTT_eutra + 1.5RTT_Xn + RTT_5GC + 2RTT_EPC
	RTT_nr + 3.5RTT_eutra
+ 1.5RTT_Xn + RTT_5GC + 2RTT_EPC (1 RTT_nr faster)
	RTT_nr + 3.5RTT_eutra + 1.5RTT_Xn 2RTT_EPC (1 RTT_nr faster and 1 RTT_5GC faster)



Confirm that network may perform release with redirection to EUTRA in response to Resume Request with or without context relocation.

Further enhancements in Rel-16
When inter-RAT inactive mobility between NR and LTE-5GC UEs was discussed, the primary use case was a UE camping in one RAT being able to perform cell reselection to another RAT without necessarily triggering an RNA update and/or tracking area update. However, release and redirect in response to a resume request is another use case where the support to suspend in one RAT and resume in another RAT provides latency benefits, at least in the case the UE selects an EUTRA cell connected to 5GC supporting RRC_INACTIVE state. Then, the part of the latency associated to the procedure in the target RAT would then be further reduced. 



Conclusion
Based on the discussion in section 2 we propose the following:
1. Upon receiving redirection information to EUTRA, UE transitions to RRC_IDLE.
1. Confirm that network may perform release with redirection to EUTRA in response to Resume Request with or without context relocation.
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