[bookmark: _Toc500845321][bookmark: _Toc505611423][bookmark: _Toc505868320][bookmark: _Toc180404171][bookmark: _Toc183934144][bookmark: _Toc183948385][bookmark: _Toc183951645][bookmark: _Toc190445855][bookmark: _Toc190665703][bookmark: _Toc501355802][bookmark: _Toc501366891][bookmark: _Toc501368904][bookmark: _Toc501373350][bookmark: _Toc501376151][bookmark: _Toc501377281][bookmark: _Toc501377838][bookmark: _Toc501395007][bookmark: _Toc501395564][bookmark: _Toc501442475][bookmark: _Toc501574828][bookmark: _Toc501576135][bookmark: _Toc180404231][bookmark: _Toc183934205][bookmark: _Toc183948455][bookmark: _Toc183951716][bookmark: _Toc190445941][bookmark: _Toc436619014][bookmark: _Toc436619251][bookmark: _Toc451844181][bookmark: _Toc466346620]3GPP TSG-CT WG1 Meeting #109	C1-181156
Montreal (Canada), 26 February - 2 March 2018

Source:	Intel
Title:	PLMN selection and cell (re-)selection for dual-registration mode
Spec:	3GPP TS 24.501, v 0.3.1
Agenda item:	15.2.2.6
Document for:	Agreement

1. Introduction
Currently, according to TS 24.501, subclause 5.1.5,
a UE in dual-registration mode "shall maintain independent registrations for 5GMM and EMM independently and coordination between 5GMM and EMM is not needed".
Apparently the basis for this statement is the assumption that dual-registration mode is somehow working like "dual-SIM operation, only with 2 identical IMSIs".
And so, although the feature dual-SIM (or multi-SIM) itself is not clearly defined, as it is not standardized by 3GPP, many people assume that they have an understanding how dual-registration mode is working.
In the present paper we argue that there are some fundamental differences between dual-SIM as it is supported today by some modems and the dual-registration feature described by 3GPP stage 2 (TS 23.501/23.502). Further analysis will be required to really achieve a full understanding of dual-registration mode. 
Additionally, this paper proposes a correction regarding the area within which the indication "interworking without N26 (not) supported" is valid and regarding the UE's decision between single- and dual-registration mode.

2. Reason for Change
1) According to TS 23.501, subclause 5.17.2.3.1, the indication that interworking without N26 is supported "is valid for the entire Registered PLMN and for PLMNs equivalent to the Registered PLMN."
Currently, in TS 24.501, subclause 5.5.2.1.4, the validity for equivalent PLMNs is not mentioned.

2) According to TS 24.501, subclause 5.5.2.1.4, 
"b)	if the IWK N26 bit in the 5GS network feature support IE is set to "interworking without N26 supported" and the UE supports dual-registration mode, the UE shall operate in dual-registration mode".
However, there is no such requirement in stage 2 that the UE must operate in dual-registration mode whenever it is possible. Actually it could depend on the specific UE radio capabilities (dual Rx or dual Rx/Tx) and on the specific applications active at a certain point in time whether it is preferable to operate in single- or dual-registration mode. 
(Note that the UE always has the option to use single-registration mode, as the support of single-registration mode is mandatory both for the UE and the network.)
Therefore, it is suggested to leave the decision whether to use dual-registration mode to UE implementation. 

3) For the analysis of the UE behavior in dual registration mode, a comparison with dual-SIM operation can be very helpful.
In practice there are many different flavours of the dual-SIM feature, but the following may be considered a short summary of a few typical, basic characteristics of dual-SIM operation: 
In a dual-SIM UE there are 2 instances of the protocol stack running in parallel. Each one is associated with its own USIM, and usually the 2 instances are sharing at least some of the Rx or Tx resources of the UE. Each protocol stack instance has its own IMSI and user/operator preferred PLMN/RAT lists, and performs its own PLMN selection based on these, independent of the other instance. Each instance performs its own cell selection/re-selection and inter-RAT change.
So if the 2 SIM cards in a dual-SIM UE are from different operators, the instances will generally register with different PLMNs and will camp on different cells possibly in different RATs in parallel.
On the other hand, if both SIM cards are from the same operator, and both subscriptions allow the user to operate in all RATs, it is quite likely that both instances end up camping on the same cell of the same PLMN.

Obviously, if for dual-registration mode we are now assuming that we have something like dual-SIM operation with "both SIM cards using the same IMSI towards the network" we will run into problems:
If both instances are allowed to perform their own cell selection/re-selection across all RATs, sooner or later both will end up on the same cell. – This would be the end of dual-registration, as the core network node (MME or AMF) will only be able to maintain a single subscriber context for the IMSI.
Even if the 2 instances are not trying to camp on the same cell, but only on the same RAT, we will run into a problem, because it is not possible to have more than 1 subscriber context for the same IMSI on the same type of core network node. For example, when the first instance is already registered on MME1 and the second instance tries to register on an MME2 – regardless whether it is in the same or in a different PLMN, then during the registration procedure MME2 will cancel the first registration on MME1 via the HSS.
So we arrive at a first conclusion:
C1:	In dual-registration mode, the 2 protocol stack instances are not allowed to perform cell selection/re-selection across all supported RATs. The instance associated with 5GMM needs to stay in NR and E-UTRAN N1 mode; whereas the other instance associated with EMM is allowed to change between E-UTRAN S1-mode, GERAN and UTRAN, but it needs to stay away from NR and E-UTRAN N1 mode. 
In order to achieve this, when dual-registration mode is started, then the AS of each protocol stack instance needs to be informed by NAS about the RATs which it is allowed to use.

4) In the next step let us consider how the UE "selects" the PLMN for the second registration.
Again, for comparison, in dual-SIM operation the second protocol stack instance will take the list of PLMN/RAT combinations provided by AS, select one PLMN according to the priorities given by the RPLMN and the user/operator preferred PLMN/RAT lists stored on SIM2 and attempt registration.
Now let us assume that a UE in dual-registration mode is already registered to the 5GS of PLMN A. More precisely, this means the protocol stack instance associated with 5GMM is registered to PLMN A. We further assume that the equivalent PLMN list includes PLMN B and C, and that the 5GC indicated in the Registration Accept message that "interworking without N26 is supported". According to stage 2, the UE can assume that this applies for PLMN A, B and C.
Now the second protocol stack instance associated with EMM wants to register in S1 mode. The AS reports that it finds PLMN B and D, each with RAT = 'E-UTRAN' (= E-UTRAN S1 mode).
If the statement that coordination between 5GMM and EMM is not needed were correct, then EMM would not need to take into account that 5GMM is already registered to PLMN A and has an equivalent PLMN list of {A, B, C}. So it could decide to register on PLMN D. But remember that the indication of "interworking without N26 is supported" provided by PLMN A is only valid for PLMN B and C. So actually, when the UE registers on PLMN D, the result could be that the MME indicates "interworking without N26 is not supported", meaning that the MME has an N26 interface to some AMFs.
So now the 2 protocol stack instances in the UE have 2 opposite values for the "IWK N26 bit" – which means that the UE is no longer in a well-defined dual-registration mode. What is actually going on?
The MME of PLMN D indicated "interworking without N26 is not supported". This means that during the EPS attach procedure it sent an indication to the HSS/UDM to cancel any subscriber context(s) on any old MME and any old AMF. So, although there is probably no N26 interface between the MME in PLMN D and the AMF in PLMN A, the UE just got its registration to PLMN A cancelled.
In other words, trying to perform EPS attach or initial registration on a PLMN which is not on the equivalent PLMN list of the other protocol stack instance is a risky thing to do, and a UE wishing to operate in dual-registration mode in a predictable manner should not do it.
C2:	In dual-registration mode, when the 2nd protocol stack instance attempts initial registration / EPS attach, it should do this only with the RPLMN of the 1st protocol stack instance or with an equivalent PLMN of it.
C3:	In dual-registration mode, each of the 2 protocol stack instances needs to be aware of the RPLMN and equivalent PLMN list (if any) of the other instance, at least at the time when it attempts itself initial registration or EPS attach.
So we have identified at least 2 parameters (RPLMN, equivalent PLMN list) which need to be exchanged or "coordinated" between 5GMM and EMM.
We also note that the 2nd instance does not perform a real "PLMN selection" as defined in TS 23.122, because if the 2nd instance cannot find the RPLMN or an equivalent PLMN, it is not allowed to select from the available PLMNs the PLMN/RAT combination with the next highest priority.
5) There are further open issues, e.g. related to the equivalent PLMN lists: When in the above example EMM registers on the equivalent PLMN B/E-UTRAN, it could receive an equivalent PLMN list different from {A, B, C}, e.g. {A, B, F}. What is the equivalent PLMN list to be used by the AS of instance 1 and 2 for cell re-selection? 
We will stop here, just noting that further discussions are needed.

3. Conclusions
C1:	In dual-registration mode, the 2 protocol stack instances are not allowed to perform cell selection/re-selection across all supported RATs. The instance associated with 5GMM needs to stay in NR and E-UTRAN N1 mode; whereas the other instance associated with EMM is allowed to change between E-UTRAN S1-mode, GERAN and UTRAN, but it needs to stay away from NR and E-UTRAN N1 mode. 
C2:	In dual-registration mode, when the 2nd protocol stack instance attempts initial registration / EPS attach, it should do this only with the RPLMN of the 1st protocol stack instance or with an equivalent PLMN of it.
C3:	In dual-registration mode, each of the 2 protocol stack instances needs to be aware of the RPLMN and equivalent PLMN list (if any) of the other instance, at least at the time when it attempts itself initial registration or EPS attach.

4. Proposal
It is proposed to agree the following changes to 3GPP TS 24.501, v 0.3.1.


* * * Next Change * * * *
5.1.5	Dual-registration mode
[bookmark: _GoBack]If both 5GMM and EMM are enabled, a UE, which is capable of N1 mode and S1 mode and is operating in the dual-registration mode, shall maintain independent registrations for 5GMM and EMM independently. and cCoordination between 5GMM and EMM is only not needed as specified in the present subclause.
a)	 A UE operating in the dual-registration mode may register to N1 mode only, S1 mode only, or to both N1 mode and S1 mode.
b	When the UE decides to operate in dual-registration mode (see subclause 5.5.1.2.4), NAS informs the lower layers about this.
NOTE 1:	As a consequence the lower layers will maintain 2 separate AS contexts, one for N1 mode and one for S1 mode. For the N1 context the AS will not perform cell (re-)selection to E-UTRAN S1 mode or cell selection to GERAN or UTRAN. For the S1 context the AS will not perform cell (re-)selection to E‑UTRAN N1 mode or NR.
c)	If a UE is registered in N1 mode only, then for registration in S1 mode it shall select the same PLMN to which it is registered in N1 mode or an equivalent PLMN.
d)	If a UE is registered in S1 mode only, then for registration in N1 mode it shall select the same PLMN to which it is registered in S1 mode or an equivalent PLMN.
e)	While the UE is registered in both N1 mode and S1 mode, 5GMM and EMM maintain independent equivalent PLMN lists. If the UE deregisters from one of the 2 modes, it shall delete the related equivalent PLMN list. If the UE deregisters from both modes at the same time, it shall delete one of the 2 equivalent PLMN lists. It is implementation dependent which of the 2 equivalent PLMN lists is deleted.
Editor's note: If the UE is registered in both N1 mode and S1 mode, then due to the UE's mobility the PLMNs to which the UE is registered in N1 mode and S1 mode, respectively, can become non-equivalent PLMNs. The UE reaction for the case when upon receipt of a new equivalent PLMN list the 2 PLMNs to which the UE is registered are no longer equivalent, is FFS.
Editor's note: Additional dependencies between 5GMM and EMM are for further study.
[bookmark: OLE_LINK42]When no PDU session context is active and the UE has not registered to S1 mode yet, the UE may initiate the attach procedure if EMM-REGISTERED without PDN connection is not supported by the MME. If EMM-REGISTERED without PDN connection is supported by the MME, the UE may initiate either the attach procedure without PDN connection establishment or the attach procedure with PDN connection establishment.
When at least one PDU session context is active and the UE has not registered to S1 mode yet, the UE may initiate the attach procedure. If necessary, the UE may transfer an active PDU session from N1 mode to S1 mode by initiating the attach procedure with request type set to "handover" in the PDN CONNECTIVITY REQUEST message. After succesfully attached in S1 mode, if necessary, the UE may transfer other active PDU sessions from N1 mode to S1 mode by initiating the PDN connectivity procedure with request type set to "handover" in the PDN CONNECTIVITY REQUEST message.
NOTE 12:	It is up to UE implementation to determine which active PDU session is transferred from N1 mode to S1 mode.
When the UE has not registered to N1 mode, the UE may initiate the initial registration procedure. After succesfully registered in N1 mode, if necessary, the UE may transfer one or more active PDN connections from S1 mode to N1 mode by initiating the PDU session establishment procedure with request type set to "existing PDU session".
NOTE 23:	It is up to UE implementation to determine which active PDN connection is transferred from S1 mode to N1 mode.
If both the UE and the MME support EMM-REGISTERED without PDN connection, the UE that transferred all PDN connections to the 5GS, may stay in state EMM-REGISTERED. Otherwise, the UE shall enter state EMM-DEREGISTERED upon transferring all PDN connection to the 5GS.
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* * * Next Change * * * *
5.5.1.2.4	Initial registration accepted by the network
During a registration procedure with 5GS registration type IE set to "emergency registration", the AMF shall not check for mobility and access restrictions, regional restrictions or subscription restrictions, when processing the REGISTRATION REQUEST message.
If the initial registration request is accepted by the network, the AMF shall send a REGISTRATION ACCEPT message to the UE and start timer T3550.
The AMF shall assign and include a TAI list as a registration area the UE is registered to in the REGISTRATION ACCEPT message. The UE, upon receiving a REGISTRATION ACCEPT message, shall delete its old TAI list and store the received TAI list.
The AMF shall include the LADN information in the LADN information IE of the REGISTRATION ACCEPT message, if there are valid LADN service area(s) for the subscribed DNN(s) of the UE in the current registration area. The UE, upon receiving the REGISTRATION ACCEPT message with the LADN information, shall delete its old LADN information (if any) and store the received LADN information.
The 5G-GUTI reallocation may be part of the initial registration procedure. When the REGISTRATION REQUEST message includes the SUCI or PEI, or the AMF considers the 5G-GUTI provided by the UE is invalid, or the 5G-GUTI provided by the UE was assigned by another AMF, the AMF shall allocate a new 5G-GUTI to the UE. The AMF shall include in the REGISTRATION ACCEPT message the new assigned 5G-GUTI together with the assigned TAI list. In this case the AMF shall shall start timer T3550 and enter state 5GMM-COMMON-PROCEDURE-INITIATED as described in subclause 5.1.3.2.3.3.
The AMF shall include the MICO indication IE in the REGISTRATION ACCEPT only if the MICO indication IE was included in the REGISTRATION REQUEST message, the AMF supports and accepts the use of MICO mode. If the AMF supports and accepts the use of MICO mode, the AMF may indicate "all PLMN registration area allocated" in the MICO indication IE in the REGISTRATION ACCEPT message. If "all PLMN registration area allocated" is indciated in the MICO indication IE, the AMF shall not assign and include the TAI list in the REGISTRATION ACCEPT message.
If the REGISTRATION ACCEPT message included an MICO indication IE indicating "all PLMN registration area allocated", the UE shall treat all TAIs in the current PLMN as a registration area.
If the REGISTRATION ACCEPT message contained a 5G-GUTI, the UE shall return a REGISTRATION COMPLETE message to the AMF to acknowledge the received 5G-GUTI.
Upon receiving a REGISTRATION COMPLETE message, the AMF shall stop timer T3550 and change to state 5GMM-REGISTERED. The 5G-GUTI, if sent in the REGISTRATION ACCEPT message, shall be considered as valid.
If the REGISTRATION REQUEST message contained the SMS requested IE with the supported accesses bits indicating that the UE supports SMS delivery over NAS via 3GPP access only, or via both 3GPP access and non-3GPP access, and SMSF selection is successful, then the AMF shall send the REGISTRATION ACCEPT message after the SMSF has confirmed that the activation of the SMS service was successful. When sending the REGISTRATION ACCEPT message, the AMF shall:
a)	store the SMSF address and the contents of the SMS requested IE in the UE 5GMM context, and consider the UE available for SMS; and
b)	include the SMS allowed IE in the REGISTRATION ACCEPT message with:
1)	the "allowed accesses" bits of the SMS allowed IE to:
A)	"SMS over NAS supported via 3GPP access only" if:
i)	the UE has set the "supported accesses" bits of the SMS requested IE to "SMS over NAS supported via 3GPP access only" and the network allows the SMS delivery over NAS via 3GPP access; or
ii)	the UE has set the "supported accesses" bits of the SMS requested IE to "SMS over NAS supported via both 3GPP access and non-3GPP access" and the network allows the SMS delivery over NAS via 3GPP access only; or
B)	"SMS over NAS supported via both 3GPP access and non-3GPP access" if the UE has set the "supported accesses" bits of the SMS requested IE to "SMS over NAS supported via both 3GPP access and non-3GPP access" and the network allows the SMS delivery over NAS via both 3GPP access and non-3GPP access;
Editor's note:	A decision still needs to be made on whether "one step" functionality needs to be added.
If SMSF selection in the AMF or SMS activation via the SMSF is not successful, then the AMF shall not include the SMS allowed IE in the REGISTRATION ACCEPT message. If the AMF does not allow the use of SMS over NAS, then the AMF shall not include the SMS allowed IE in the REGISTRATION ACCEPT message.
The AMF shall include the allowed NSSAI for the current PLMN and may include the mapping of the allowed NSSAI to the configured NSSAI for the HPLMN contained in the requested NSSAI from the UE if available, in the REGISTRATION ACCEPT if the UE included the requested NSSAI in the REGISTRATION REQUEST message and the AMF allows one or more S-NSSAIs in the requested NSSAI. The AMF may also include rejected NSSAI in the REGISTRATION ACCEPT message. Rejected NSSAI contains S-NSSAI(s) which was included in the Request NSSAI but rejected by the network associated with rejection cause(s).
The UE receiving the rejected NSSAI in the REGISTRATION ACCEPT message takes the following actions based on the rejection cause in the rejected NSSAI:
"S-NSSAI not available in the current PLMN"
	The UE shall add the rejected S-NSSAI(s) in the rejected NSSAI for the current PLMN as specified in subclause 4.6.2.2 and not attempt to use this S-NSSAI in the current PLMN until switching off the UE or the UICC containing the USIM is removed. 
"S-NSSAI not available in the current registration area"
	The UE shall add the rejected S-NSSAI(s) in the rejected NSSAI for the current PLMN and registration area combination as specified in subclause 4.6.2.2 and not attempt to use this S-NSSAI in the present registration area until switching off the UE, the UE moving out of the current registration area or the UICC containing the USIM is removed.
If the UE did not include the requested NSSAI in the REGISTRATION REQUEST message and one or more subscribed S-NSSAIs (containing one or more S-NSSAIs each of which may be associated with a new S-NSSAI) marked as default are available, the AMF shall put the subscribed S-NSSAIs marked as default in the allowed NSSAI of the REGISTRAION ACCEPT message.
If the REGISTRATION ACCEPT contains the allowed NSSAI, then the UE shall store the included allowed NSSAI together with the PLMN identity of the registered PLMN and the registration area as specified in subclause 4.6.2.2.
If the UE included S1 mode supported indication in the REGISTRATION REQUEST message, the AMF supporting intersystem change with EPS shall set the IWK N26 bit to either:
a)	"interworking without N26 not supported" if the AMF does not support interworking procedures without N26 interface; or
b)	"interworking without N26 supported" if the AMF supports interworking procedures without N26 interface.
in the 5GS network feature support IE in the REGISTRATION ACCEPT message.
The UE shall operate in the mode for intersystem change with EPS as follows:
a)	if the IWK N26 bit in the 5GS network feature support IE is set to "interworking without N26 not supported", the UE shall operate in single-registration mode;
b)	if the IWK N26 bit  in the 5GS network feature support IE is set to "interworking without N26 supported" and the UE supports dual-registration mode, the UE may shall operate in dual-registration mode;
NOTE:	The registration mode used by the UE is implementation dependent.
c)	if the IWK N26 bit  in the 5GS network feature support IE is set to "interworking without N26 supported" and the UE only supports single-registration mode, the UE shall operate in single-registration mode; or;
d)	if the IWK N26 bit is not received or not supported by the UE, the UE shall operate in single-registration mode.
The UE shall treat the received interworking without N26 supported indication for intersystem change with EPS as valid in the entire PLMN and its equivalent PLMNs.
The network informs the UE about the support of specific features, such as IMS voice over PS session or emergency services, in the 5GS network feature support information element. In a UE with IMS voice over PS session capability, the IMS voice over PS session indicator, the emergency service support indicator, and the emergency service fallback indicator shall be provided to the upper layers. The upper layers take the IMS voice over PS session indicator into account when selecting the access domain for voice sessions or calls. When initiating an emergency call, the upper layers also take the IMS voice over PS session indicator, the emergency service support indicator, and the emergency service fallback indicator into account for the access domain selection.
Editor's note:	Further details on initial registration accepted by the network are FFS.
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If the UE has indicated "follow-on request pending" in REGISTRATION REQUEST message, or the network has downlink signalling pending, the AMF shall not immediately release the NAS signalling connection after the completion of the registration procedure.
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