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Discussion
The discussion is based on the scenarios described in S2-122617 [1] and S2-122051 [2].
Cases when the UE is forbidden to select LTE and how this can be detected by the SGSN

We see three cases where the UE may be forbidden to select LTE: 

a) There is no roaming agreement for LTE between the roaming partners i.e. only 2G and/or 3G RATs are allowed;

b) The subscriber's HLR does not support LTE;

c) The subscriber profile is "E-UTRAN not allowed" in the HSS Access Restriction Data (see 23.008 clause 2.4.18).

For case a), the SGSN can be configured locally. 
For case b), as soon as the SGSN gets the subscriber profile from the HSS, it will see that the subscriber has no LTE subscription. 
For case c), the SGSN gets the information e.g. during Location Updating to the HSS and rejects the UE in the RA. 

General comment on the RAT restriction in PS domain (GMM and EMM)
Also a general issue with UE-Network NAS protocol is that EPS services and GPRS services are assumed either both allowed or both forbidden in the same PLMN - see annex below. An example is in TS 24.301: "If the UE performs a successful GPRS attach or combined GPRS attach procedure in A/Gb or Iu mode, it shall enter substates GMM-REGISTERED.NORMAL-SERVICE and EMM-REGISTERED.NO-CELL-AVAILABLE". This is a very old principle which is described in many places, also in 24.008. This means that the discrimination can only be done via per-TA rejection, which will load the LTE network: TA is stored as forbidden TA in the UE only temporarily, and TAU procedure must be initiated for each TA, which is much smaller than a RA. This also drains the battery of the terminal. 

Therefore, case a) above "no roaming agreements for LTE between roaming partners" should rather be solved by different PLMNs for 2G/3G and LTE rather than a single PLMN. 

For cases b) and c), a possible solution would be to add a new cause value to the RA Accept message to force the UE to disabling its E-UTRA capabilities, but this has impact to the UE and we should avoid such solutions in the short term. 

Scenario 1: inter-RAT handover from UTRAN/GERAN to E-UTRAN
In this scenario, it is necessary that the RAN knows before deciding the handover whether the UE is restricted to mobility towards LTE: if the SGSN detects this restriction when receiving the Relocation Required, it is too late.  

The use of E-UTRAN Service Handover IE (for UTRAN) and Service UTRAN CCO IE (for GERAN) has been proposed at last meeting to solve this issue. But the issue is related to subscriber rights, not to services. Service Handover IE has been added in the specifications a very long time ago in Rel-99 to force a handover the UE to 2G for certain services but not for others, therefore the naming "service" handover. This was not related to subscriber rights. The E-UTRAN Service Handover is also related to services. 

Moreover, Service Handover concept is always associated with a RAB (it is sent in RAB-Assignment) and thus does not work for a redirection of an UE during procedures w/o bearers such as a RAU procedure.

Therefore, we suggest using the SNA Access Information / Handover Restriction List concept instead of Service Handover: it applies for the mobility (handovers, CCO, redirections) decided/initiated by the RAN to complement the MM restrictions decided by the Core Network:
· Handover Restriction list is defined in 23.401 by "This IE defines area roaming or access restrictions for subsequent mobility action for which the eNB provides information about the target of the mobility action towards the UE, e.g., handover and CCO."

· SNA Access Information in UTRAN and GERAN are defined in 25.413 and 48.008 by: "Provides information on the area(s) in the PLMN(s) the UE is authorised to access "

It should be first noted that mobility restrictions from E-UTRAN to other RATs are completely solved by the LTE Handover Restriction List as it contains an IE "Forbidden inter RATs" which aims at all inter-RAT mobility cases. It takes the following values: ENUMERATED (ALL, GERAN, UTRAN, CDMA2000, …,GERAN and UTRAN, CDMA2000 and UTRAN) as specified in TS 36.413 clause 9.2.1.22. In addition, LTE Restriction List is sent as soon as a UE-based connection is setup over S1 interface (via in Initial Context Setup Request, Downlink NAS Transport, Handover Request), and therefore is applicable for MM procedures w/o bearers such as TAU procedure. 

The mobility restrictions from UTRAN are solved by the SNA Access Information provided in Common ID (as soon as Iu connection is established per TS 25.413) and Relocation Request message and should be used similarly as Handover Restriction List solves the mobility restrictions from E-UTRAN. As for Handover Restriction List, it is applicable for MM procedures w/o bearers such as RAU procedure. 
The only issue is that SNA Access Information contains authorized PLMN-IDs and LAs but no RAT as it was assumed that handovers between 2G and 3G were always authorized. 

In a similar way as for Handover Restrictions, this could be solved by adding a "Forbidden inter RATs" IE in the SNA Access Information indicating whether the UE is allowed/not allowed to access LTE network (due to either Access Restriction Data wrt LTE subscription rights or no LTE roaming agreement with the 3G roaming partner). 
Short comparison between Service Handover solution and SNA Access Information solution:
	
	Service Handover
	SNA Access Information

	Concept
	Relates to services
	Relates to subscriber rights

	Applicability
	Handovers, CCO
	Handovers, CCO, redirections

	Issues
	Linked to a RAB, i.e. don't apply to e.g. RAU procedure. 
	

	Impacts to UE
	No
	No

	Impacts to UTRAN/GERAN
	Yes: mirroring between RNCs/BSSs. 
Others?
	Yes: the interpretation of the additional IE to allow/not allow any RAN-initiated mobility to specific RATs

	Impacts to SGSN
	Yes
	Yes


Scenario 2: Inter RAT handover from UTRAN to E-UTRAN, 23.401 Annex D type

This scenario is problematic because the source SGSN can be a pre-Rel8 Gn-SGSN and cannot be upgraded. It is proposed that the issue is solved only by up-to-date Gn-SGSNs.
Scenario 3: Inter RAT release with redirection from UTRAN to E-UTRAN

The RNC sends an RRC Connection Reject message with a Redirection info IE to the UE. But, as the RNC does not know the UE is not allowed to camp on E-UTRA, the Redirection info IE may contain an Inter-RAT info IE being set as E-UTRA: the UE will attempt to register to E-UTRAN and will be rejected by the CN with cause #15 (No suitable cells in tracking area). 
This can be solved by the SGSN providing, as soon as the UE is in PMM-connected mode, the RNC with SNA Access Information with a " Forbidden inter RATs " indicating whether the UE is allowed/not allowed to access LTE.  
Note that SNA Access Information in UTRAN and GERAN definition in 25.413 and 48.008 by: 
"Provides information on the area(s) in the PLMN(s) the UE is authorised to access", 

as well a the text in 25.413 clause 8.16.2 related to Common ID procedure

"If the SNA Access Information IE is contained in the COMMON ID message, the RNC shall store this information and use it to determine whether the UE has access to radio resources in the UTRAN. The RNC shall consider that the UE is authorised to access only the PLMNs identified by the PLMN identity IEs in the SNA Access Information IE. If the Authorised SNAs IE is included for a given PLMN (identified by the PLMN identity IE), then the RNC shall consider that the access to radio resources for the concerned UE is restricted to the LAs contained in the SNAs identified by the SNAC IEs." 
are not restricted to handovers and CCO and therefore also applies to RRC redirections. For RRC Redirection in UTRAN, the RNC will use the "Dedicated Priority Information" IE in UTRAN MOBILITY INFORMATION message specified in TS 25.331. For RRC Redirection in GERAN, the BSS will use the "Individual Priorities" IE in the CHANNEL RELEASE message specified in TS 44.018.
Short comparison between Service Handover solution and SNA Access Information solution:

	
	Service Handover
	SNA Access Information

	Concept
	Relates to services
	Relates to subscriber rights

	Applicability
	Handovers, CCO
	Handovers, CCO, redirections

	Issues
	Linked to a RAB, i.e. does not apply for redirections in MM procedures such as RAU procedure. 
	

	Impacts to UE
	No
	No

	Impacts to UTRAN/GERAN
	Yes: New relation between the Service Handover IE and the Inter RAT release with redirection procedure in UTRAN/GERAN
	Yes: the interpretation of the additional IE to allow/not allow any RAN-initiated mobility to specific RATs

	Impacts to SGSN
	Yes
	Yes


Scenario 4: Fast redirection from UTRAN to E-UTRAN

Prior to sending a Service Request message, the UE sends an RRC Connection Request message with a Pre-Redirection info IE being set as Support of E-UTRA FDD (or Support of E-UTRA TDD). 
This issue is due to the fact the UE does not know if the subscriber has LTE rights and if it is E-UTRAN capable, it will send the "Pre-Redirection info", and this is confirmed in TS 25.331 clause 8.1.3.3 (RRC CONNECTION REQUEST message contents to set):

8.1.3.3
RRC CONNECTION REQUEST message contents to set

The UE shall, in the transmitted RRC CONNECTION REQUEST message:

1>
if the UE supports E-UTRA:

2>
if the UE is attempting to establish the signalling connection as a result of being redirected by E-UTRA

3>
do not include the IE "Pre-Redirection info";

2>
else:

3>
if the variable EUTRA_FREQUENCY_INFO_LIST contains no E-UTRA frequencies:
4>
include the IE "Pre-Redirection info";

4>
if the UE supports E-UTRA FDD:

5>
set the IE "Support of E-UTRA FDD" to TRUE.
4>
if the UE supports E-UTRA TDD:

5>
set the IE "Support of E-UTRA TDD" to TRUE.
3>
if the UE supports any of the bands that the E-UTRA frequencies included in the variable EUTRA_FREQUENCY_INFO_LIST belong to:

4>
include the IE "Pre-Redirection info";
4>
if the UE supports any of the bands that the E-UTRA FDD frequencies included in the variable EUTRA_FREQUENCY_INFO_LIST belong to:

5>
set the IE "Support of E-UTRA FDD" to TRUE.

4>
if the UE supports any of the bands that the E-UTRA TDD frequencies included in the variable EUTRA_FREQUENCY_INFO_LIST belong to:

5>
set the IE "Support of E-UTRA TDD" to TRUE.

At this point, when receiving the RRC Connection Request from the UE, the RNC has not contacted the Core Network and therefore cannot receive the subscriber restrictions. The RNC can either accept the request, or reject the RRC connection with a redirection info IE set to E-UTRA as stated in TS 25.331:

8.1.3.4
Reception of an RRC CONNECTION REQUEST message by the UTRAN

Upon receiving an RRC CONNECTION REQUEST message, UTRAN should either:

1> accept the request and use a predefined or default radio configuration, …..

1> accept the request without using a predefined or default radio configuration, …..

1> submit an RRC CONNECTION REJECT message on the downlink CCCH. In the RRC CONNECTION REJECT message, the UTRAN may direct the UE to another UTRA carrier or to another system. The UTRAN may direct the UE to E-UTRAN FDD only if the IE "Pre-Redirection info" is present in the RRC CONNECTION REQUEST message and the IE "Support of E-UTRA FDD" is set to TRUE; the UTRAN may direct the UE to E-UTRAN TDD only if the IE "Pre-Redirection info" is present in the RRC CONNECTION REQUEST message and the IE "Support of E-UTRA TDD" is set to TRUE. After the RRC CONNECTION REJECT message has been sent, all context information for the UE may be deleted in UTRAN.

Such redirection to E-UTRA will result in the issue: the UE will attempt to register to E-UTRAN and will be rejected, and the issue is that there is no way for the Core Network to provide the UE with a cause value that allows GPRS services but not EPS services (therefore 2G/3G RAT but not LTE RAT). A long term solution could be to add such specific cause values in Attach/RAU/TAU Accept messages that the UE would take into account by disabling its E-UTRA capabilities for the PLMN. 
The only simple short term solution is to disable the RNC to redirect a connection request to E-UTRA when receiving the "Pre-Redirection info" IE from the UE. This can be seen as implementation dependent. 
Conclusions

It is proposed to solve scenarios 1 and 3 issues by using the same principles as in E-UTRAN, i.e. by adding an IE "Forbidden RATs" in SNA Access Information in UTRAN and GERAN, which is the equivalent of Handover Restrictions in E-UTRAN.
It is proposed to solve scenario 2 only by up to date Gn-SGSNs.
It is proposed to solve scenario 4 by to disabling the RNC to redirect a connection request to E-UTRA when receiving the "Pre-Redirection info" IE from the UE. This is implementation dependent.
Alcatel-Lucent will provide the appropriate CRs for SNA Access Information solution.
Annex: EPS services and GPRS services
Clause 5.1.4 of 24.301 shows the link between EPS services and GPRS services: 
" If GMM and EMM are both enabled, a UE capable of S1 mode and A/Gb mode or Iu mode or both shall maintain one common registration for GMM and EMM indicating whether the UE is registered for packet services or not.

A UE that is not registered shall be in state GMM-DEREGISTERED and in state EMM-DEREGISTERED.

If the UE performs a successful attach or combined attach procedure in S1 mode, it shall enter substates GMM-REGISTERED.NO-CELL-AVAILABLE and EMM-REGISTERED.NORMAL-SERVICE. The UE resets the attach attempt counter and the GPRS attach attempt counter (see 3GPP TS 24.008 [13]).

If the UE performs a successful GPRS attach or combined GPRS attach procedure in A/Gb or Iu mode, it shall enter substates GMM-REGISTERED.NORMAL-SERVICE and EMM-REGISTERED.NO-CELL-AVAILABLE. The UE resets the attach attempt counter and the GPRS attach attempt counter (see 3GPP TS 24.008 [13])."
Also in clause 5.3.3a: 
" The forbidden PLMNs for EPS services are contained in the "forbidden PLMNs for GPRS service" list, as defined in 3GPP TS 24.008 [13]"

This is confirmed by the fact that in clause 5.5.1.2.5 (Attach not accepted by the network), there is no way in the current NAS cause values in 24.301 specification to restrict a UE to access E-UTRAN without restricting also 2G-3G packet domain: 

"#14
(EPS services not allowed in this PLMN);


The UE shall set the EPS update status to EU3 ROAMING NOT ALLOWED (and shall store it according to subclause 5.1.3.3) and shall delete any GUTI, last visited registered TAI and eKSI and reset the attach attempt counter.


In S1 mode, the UE shall store the PLMN identity in the "forbidden PLMNs for GPRS service" list. Additionally, the UE shall enter state EMM-DEREGISTERED.PLMN-SEARCH. The UE shall perform a PLMN selection according to 3GPP TS 23.122 [6]. 


In S101 mode, the UE shall store the PLMN identity provided with the indication from the lower layers to prepare for an S101 mode to S1 mode handover in the list of "forbidden PLMNs for attach in S101 mode" and enter the state EMM-DEREGISTERED.NO-CELL-AVAILABLE.


If A/Gb mode or Iu mode is supported by the UE, the UE shall in addition handle the GMM parameters GMM state, GPRS update status, P-TMSI, P-TMSI signature, RAI, GPRS ciphering key sequence number and GPRS attach attempt counter as specified in 3GPP TS 24.008 [13] for the case when the normal attach procedure is rejected with the GMM cause with the same value."
Only cause value #12 (Tracking area not allowed) might be used i.e. based on area restriction. But it is not the goal of this cause value to restrict EPS services and not GPRS services. 

TS 23.122 (clause 4.4.3.1.1, Automatic Network Selection Mode Procedure) does not restrict the UE PLMN selection to the Access Technologies that are in the USIM:

" The MS selects and attempts registration on other PLMN/access technology combinations, if available and allowable, in the following order:

i)
either the HPLMN (if the EHPLMN list is not present or is empty) or the highest priority EHPLMN that is available (if the EHPLMN list is present) ;

ii)
each PLMN/access technology combination in the "User Controlled PLMN Selector with Access Technology" data file in the SIM (in priority order);

iii)
each PLMN/access technology combination in the "Operator Controlled PLMN Selector with Access Technology" data file in the SIM (in priority order);

iv)
other PLMN/access technology combinations with received high quality signal in random order;

v)
other PLMN/access technology combinations in order of decreasing signal quality.

/…

d) In iv and v, the MS shall search for all access technologies it is capable of, before deciding which PLMN to select."
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