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1. Introduction
In spite of the success of mobile data services, for many subscribers circuit-switched telephony is still one of the most important services. In order to be able to receive mobile terminating CS calls, it is essential for UEs to be reachable for paging for CS services at any time, independent of the RAT of the cell on which the UE is currently camping and independent of the specific network configuration (e.g. the network mode of operation in UTRAN).
During the analysis of field test cases for CS fallback and the analysis of the relevant 3GPP specifications (TS 24.008, TS 24.301, TS 29.018, and TS 29.118) we found that there are a number of scenarios where this reachability for CS paging cannot be guaranteed or is obviously violated.
In this paper we are going to provide an overview over the various scenarios we found. Some of these scenarios involve an E-UTRAN and an SGs interface, whereas for others only a GERAN/UTRAN and use of network mode I of operation (Gs interface) is needed. For additional details please refer to the cover sheets of the individual CRs (C1-150190, C1-150192, C1-150194).
2. What is the problem?

The problem for all the scenarios discussed in this paper is that from a certain point in time onwards:
the UE is in idle mode camping on a GERAN or UTRAN cell which is broadcasting the LAI that 
the UE received during the last successful combined RAU or combined TAU procedure, 
and nevertheless the UE is not reachable for paging for mobile terminating CS services. 
This state may last for some time, e.g. until the periodic location update timer expires in the UE or the implicit detach timer expires in the MME. This means that dependent on the individual case and network configuration it can take several minutes or hours until the UE can be paged again for CS services.
3. What are the scenarios?

Apart from this common subject ("UE cannot be paged for CS services"), there is a variety of scenarios, and for different scenarios the root cause for the problem can be different. This is one of the reasons why Intel is proposing 3 separate CRs rather than a single one.
Overall we identified 4 groups of scenarios each of which can be traced back to a certain root cause:

1)
repeatedly failed periodic RAU for a GPRS MS in mode A/B of operation in NMO I

2)
RAU not successful for a CSFB UE (with NMO II for GERAN/UTRAN)
3)
RAU not successful for a GPRS MS in mode A/B of operation in NMO I

4)
lack of synchronization of periodic location update timer and implicit detach timer after receipt of GMM cause #7 
or #14 

4. Discussion of the scenarios

4.1 Scenario 1: repeatedly failed periodic RAU for a GPRS MS in mode A/B of operation
If we look at the description of the combined GPRS attach and combined RAU procedure in TS 24.008, specifically for the cases where the procedure is successful for GPRS services only and for the abnormal cases, we find as a common principle that after a certain number of failed attempts, a GPRS MS in mode A/B of operation, although in a network in NMO I, will start performing MM specific procedures. 
In addition to that, controlled by various timers (T3302, T3310/T3330, T3311) the MS will reattempt the combined GMM procedure in order to (re-)establish the Gs association, but for the meantime, as it is possible that the problem causing the failure of the GMM procedure is not affecting the operation of the CS domain, the MS is mandated to update its registration with the MSC/VLR so that it can be paged directly via the A/Iu-cs interface. 
Of course there is no guarantee that the location update will be more successful than the GMM procedure, but the only way to find out is to try.
The wording used in various places in TS 24.008 to describe this MS behaviour is:

"… a GPRS MS operating in MS operation mode A shall then proceed with appropriate MM specific procedure; a GPRS MS operating in MS operation mode B may then proceed with appropriate MM specific procedures. 

The MM sublayer shall act as in network operation mode II or as long as the combined GMM procedures are not successful and no new RA is entered."

Note that in the situations where this text is used, the MS has to initiate a generic location update procedure in order to break the Gs association in the VLR. I.e. the word "appropriate" does not indicate that the MS may skip the generic location update procedure if the broadcasted LAI is equal to the one stored in the MS and the update status is UPDATED. The word "appropriate" is used to express that dependent on the exact conditions, the MS may need to set the location updating type to "IMSI attach" instead of "normal location updating".
A similar principle as in TS 24.008 has also been implemented in TS 24.301 for a UE in CS/PS mode 1 of operation. If a combined EPS attach or combined TAU is successful for EPS services only or if it fails due to an abnormal case, after a certain number of failed attempts, 

"… a UE operating in CS/PS mode 1 of operation with "IMS voice not available" … shall attempt to select GERAN or UTRAN radio access technology and proceed with appropriate MM or GMM specific procedures and disable the E-UTRA capability (see subclause 4.5)."
In 2013, CT1 agreed that the same requirement should also be added to the abnormal cases of the periodic TAU procedure, as the UE in CS/PS mode 1 of operation can also initiate a periodic TAU procedure (see CT1#83, C1-132485, CR 24.301-1695r3, by Huawei).
So for completeness, let us consider whether a similar problem can also occur during the abnormal cases for a periodic RAU procedure. I.e. what will happen for a GPRS MS in mode A/B of operation in a network in NMO I, if the periodic RAU procedure is failing repeatedly due to an abnormal case?
According to TS 24.008, subclause 4.7.5.1.5, "in most cases" "sooner or later" the routing area updating attempt counter will reach the value 5, the MS will start T3302 (default value 12 min) and upon expiry of T3202 it will start the next series of periodic RAU attempts, and so on …; alternatively, the MS may initiate a PLMN selection, but if the MS is in its home country and national roaming is not permitted, the PLMN selection will not solve the situation:
"If the routing area updating attempt counter is greater than or equal to 5:
-
the MS shall start timer T3302, and shall set the GPRS update status to GU2 NOT UPDATED. An MS which is a GPRS MS in MS operation modes C shall also delete the list of equivalent PLMNs. The MS shall also enter the state GMM-REGISTERED.ATTEMPTING-TO-UPDATE or optionally the GMM-REGISTERED.PLMN-SEARCH state (see subclause 4.2.5.1.8) in order to perform a PLMN selection according to 3GPP TS 23.122 [14].
-
If S1 mode is supported by the MS, the MS shall in addition handle the EPS update status as specified in 3GPP TS 24.301 [120] for the abnormal case when a normal or periodic tracking area updating procedure fails and the tracking area updating attempt counter is equal to 5."
We are saying "sooner or later", because e.g. according to 4.7.5.1.5, item d), the MS can set the routing area updating attempt counter to 5 immediately upon receipt of the first Routing Area Update Reject with GMM cause  #95, #96, #97, #99 or #111. On the other hand, according to 4.7.5.1.5, item c), if the MS never receives any response from the SGSN, it can take up to 7 min 15 sec (= 25x T3330 + 4x T3311), until the MS determines that the 5th attempt has failed.

We are saying "in most cases", because according to 4.7.5.1.5, item i), if the MS receives an "Extended wait time" from the lower layers – which can be up to 30 min –, then the MS will also reset the routing area updating attempt counter. I.e. for MSs configured for NAS signalling low priority there is no guarantee that the routing area updating attempt counter will ever reach the value 5.
This is the situation on the MS side. On the other hand, on the network side, there is a mobile reachable timer running in the SGSN. By default, this timer is 4 minutes longer than the periodic RAU timer T3312 in the MS. When the mobile reachable timer expires, the SGSN will reset the paging proceed flag (PPF) and will no longer perform paging for this MS, until the MS gets active again. If the MS is attached for GPRS and non-GPRS services, and the SGSN receives a paging request for CS services via the Gs interface when the PPF is reset, then the SGSN will respond with a BSSAP+-MS-UNREACHABLE message. Upon receipt of this message the VLR will stop the paging procedure via the Gs interface, and according to TS 29.018 there is no requirement to initiate paging via the A/Iu-cs interface. So delivery of the mobile terminating CS service will fail. 
Finally, after a while the SGSN will determine the UE as "implicitly detached from non-GPRS services" and inform the VLR about this. (According to TS 23.060, "after expiry of the mobile reachable timer the SGSN should start an Implicit Detach timer, with a relatively large value and if ISR is activated, at least slightly larger than the UE's GERAN/UTRAN Deactivate ISR timer. … After the Implicit Detach timer expires, the S4-SGSN can perform an implicit detach in order to return the MM contexts in the SGSN to IDLE state.") The VLR will then move the state of the association for the MS to Gs-NULL and, if the VLR does not have a signalling connection for the MS, mark the MS as detached (see TS 29.018, subclause 10.3). So the VLR will no longer attempt to deliver mobile terminating CS services.
In sum, if the periodic RAU attempts are failing for more than 4 minutes, then the chances are that after this period the MS can no longer be paged for CS services. And apart from the PLMN search the standard does not provide a mechanism by which the MS could quickly restore its reachability for paging.  
Therefore, in our view, the MS should at least adopt the same behaviour as for combined GMM procedures, i.e. when the attempt counter is set to 5, a GPRS MS operating in MS operation mode A (B) shall (may) start performing MM specific procedures.
Still, even with such a change, there is a small flaw in the design, because the SGSN will stop performing paging by default 4 minutes after expiry of the periodic RAU timer T3312, whereas it can take up to 7 min 15 sec until the MS will start performing MM specific procedures and break the Gs interface association. (Note that we are assuming that for a normal subscriber the MS will not be configured for NAS signalling low priority and therefore the MS will not receive an "Extended wait timer" from the lower layers.) So there can be a gap of a bit more than 3 minutes during which the MS will not be reachable for CS paging.
The easiest solution would be to set the default value of the mobile reachable timer to a slightly larger value, e.g. T3312 + 8 minutes, but as some companies in CT1 are blocking such a change, we are proposing as a work-around to allow the MS as an implementation option to start performing MM specific procedures already upon the first failure due to an abnormal case. For the case when the SGSN is not responding at all, this will be after 1 min 15 sec (= 5x T3330), for other cases it can be sooner.
4.2 Problem 2: RAU not successful for CSFB UE (with NMO II for GERAN/UTRAN)
Another group of scenarios is related to a CR agreed in Rel-10 (CR #1638 r1 to TS 24.00; C1-104064, CT1#67) by which CT1 removed a trigger for initiating a location updating procedure:

-
indicating to the network that the MS, configured to use CS fallback and SMS over SGs, or SMS over SGs only, has entered a GERAN or UTRAN cell in NMO II or III, after intersystem change from S1 mode to Iu or A/Gb mode, the TIN indicates "GUTI" and the location area of the current cell is the same as the stored location area; or

NOTE 1:
The location updating procedure can be delayed when the intersystem change is due to CS fallback. In this case, the MS has to remember that it has to perform a location updating procedure after the RR connection is released, if the MS is still in GERAN/UTRAN.

The purpose of this location updating procedure was to remove the SGs interface association in the VLR, and thus to ensure that the VLR would page the UE directly via the A/Iu-cs interface.

In the reason for change of CR #1638 r1 – which is referring to an incoming LS C1-103596/S2‑104423 from SA2 and the related CR #0607 to TS 23.272 –, it is argued that when the UE performs the routing area update towards the SGSN (and assuming that the SGSN does not activate ISR), then the EMM state in the MME will be moved to EMM-DEREGISTERED and the SGs-association in the MME will be locally released. If subsequently the VLR performs paging via the SGs interface, the MME will reject the paging request with an appropriate reject cause, and as a consequence the VLR will also release the SGs-association and (due to CR #0607 to TS 23.272) perform paging via A/Iu-cs.

One problem with this argument is that it cannot be guaranteed that the routing area updating procedure will be successful.

E.g. if the RAU fails repeatedly, because there is a problem with the Gb interface link between BSC and SGSN, then neither the MME nor the MSC/VLR will be informed that the UE has moved to GERAN/UTRAN and that it can no longer be paged via the SGs interface. Note that since the network is operating in NMO II, the UE is performing a normal RAU, and there is no requirement that the UE should start using MM specific procedures when the routing area updating attempt counter is equal to 5 (see subclause 4.7.5.1.5, abnormal cases). As a consequence the UE can remain without mobile terminating CS services for a longer time period, until it performs e.g. a periodic location update or an inter-RAT change back to E-UTRAN.

One possibility to solve this problem would be to revert to the status before CR #1638 r1 was agreed, i.e. to reintroduce the trigger for location update. However, as we will see in section 4.3, this will not solve all our problems.
Assuming that CT1 does not want to reintroduce the trigger generally, we need to have a look at the various unsuccessful cases (see Annex A of the present document).
For the following analysis we divide the unsuccessful cases in 3 groups:

i) GMM cause #3, #6, #8, #11, #12, #13, #15, #25

ii) GMM cause #7, #14

iii) GMM cause #9, #10, #22

ad i) For the GMM causes of the first group, there is a requirement to set the update status to U3 ROAMING NOT ALLOWED, either immediately or as soon as a possibly existing RR connection has been released. For GMM causes #3, #6#, and #8, there is an additional requirement to consider the SIM/USIM as invalid for non-GPRS services, so for these causes there is no need to worry about CS paging any longer. For the other causes, #11, #12, #13, #15, and #25, the setting of the update status will ensure that the MS initiates a location update or combined attach/combined RAU as soon as possible (e.g. after selecting a new PLMN, reselecting to a cell not belonging to a forbidden LA, or to a non-CSG cell).
ad ii) For GMM cause #7, the requirement regarding the CS domain is:

"If the update type is "periodic updating", a GPRS MS operating in MS operation mode A or B in network operation mode I is still IMSI attached for CS services in the network, and shall set the timer T3212 to its initial value and restart it, if it is not already running. The MS shall then proceed with the appropriate MM specific procedure according to the MM service state."
For GMM cause #14 there is a similar requirement to start the periodic location update timer T3212:

"If the update type is "periodic updating" a GPRS MS operating in MS operation mode A or B in network operation mode I shall set the timer T3212 to its initial value and restart it, if it is not already running.
A GPRS MS operating in MS operation mode A or B in network operation mode II, is still IMSI attached for CS services in the network."
But we also note that the requirement "to proceed with the appropriate MM specific procedure according to the MM service state" is missing for cause #14. On the other hand, for cause #14 the statement that the MS is still IMSI attached for CS services is stated only for NMO II, although it is valid for both cause #7 and cause #14 regardless of the network mode of operation. GMM cause #7 and #14 will be further discussed in section 4.4 of the present paper.
ad iii) For GMM causes #9, #10, and #22 a more detailed analysis is necessary:
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Figure 1: Network architecture for CSFB, with NMO II for GERAN/UTRAN
We assume that generally a UE configured to use CSFB and SMS over SGs will have an SGs interface association (worst case). Receipt of GMM cause #9 during the first (normal) RAU after inter-RAT change from S1 mode to A/Gb mode or Iu mode indicates that probably the MME performed a Reset and is no longer able to map the GUTI of the UE to its IMSI when it receives the request from the SGSN to provide the subscriber context. As the MME has set the "MME-Reset" MM context variable to "true", it will perform paging for CS services via E-UTRAN if it receives a paging request via the SGs interface, even if it does not know the UE. So we need to ensure that the UE is breaking the SGs interface association if for some reason it does not return to E-UTRAN upon completion of the call.
As a first measure we propose to make the "subsequent, automatic initiation of a GPRS attach procedure" upon receipt of GMM cause #9 mandatory. But as it cannot be guaranteed that the GPRS attach procedure will be successful (e.g. it could also be rejected with cause #22 and a back-off timer), we also mandate the MS to perform a generic location updating procedure if the MS did not already perform a successful generic location updating procedure since the last intersystem change from S1 mode to A/Gb or Iu mode. (In principle, if the MS performed a successful GPRS attach or RAU without ISR activation since the last intersystem change from S1 mode to A/Gb or Iu mode, we can also assume that the SGs interface association has been broken, but we propose to keep the condition simple and avoid additional couplings between GMM and MM.)
If GMM cause #9 is received during a periodic RAU, this is an indication of a problem in the serving SGSN, most probably a loss of the subscriber context due to a reset. In principle, after an SGSN reset the SGSN will accept a paging request from the MSC/VLR even if does not know the MS (see TS 29.018) – and hopefully the same applies if the SGSN receives the paging request from the MME via S3 if ISR was activated – , but as it is desirable to clean-up the linkage of contexts inside the core network, we propose to mandate also for this case the same behaviour as for the other cases, e.g., if the MS does not have an ongoing CS transaction, it performs a generic location updating procedure followed by a normal GPRS attach procedure.
For GMM cause #10, according to TS 24.008:

If the update type is "periodic updating", a GPRS MS operating in MS operation mode A or B in network operation mode I, is IMSI detached for both GPRS and CS services in the network.

And additionally, 

If the rejected request was not for initiating a PDN connection for emergency bearer services, the MS shall then perform a new attach procedure.

I.e. nothing said about the CS attach "status" if the network operation mode is NMO II. E.g. if ISR was activated and the UE receives "implicitly detached" from the SGSN, can we be sure that it will be also marked as implicitly detached in the MME? Generally no, as the GMM cause could also be used e.g. to route a periodic routing area update request to a new SGSN. So the SGs interface association needs to be broken to avoid that the MME performs paging for CS services via E-UTRAN.

Furthermore, once again, it cannot be guaranteed that the GPRS attach procedure will be successful.

Therefore, we propose to add a requirement that the MS needs to initiating a generic location updating procedure if the MS did not already perform a successful generic location updating procedure since the last intersystem change from S1 mode to A/Gb or Iu mode. (Note that this change is missing in the submitted CR C1-150190). 

For GMM cause #22 we assume again that generally a UE configured to use CSFB and SMS over SGs will have an SGs interface association. One possible scenario for receiving cause #22 during the first (normal) RAU after inter-RAT change from S1 mode to A/Gb mode or Iu mode is that the SGSN under signalling overload does not contact the MME, but just rejects the UE with GMM cause #22 and a T3346 back-off timer value. As the reject message is not integrity protected, the UE will start T3346 with a value between 15 and 30 min. If the UE stays in UTRAN, it cannot be paged via the SGs interface as long as T3346 is running. So the UE needs to break the SGs interface association.
The proposed measure is similar as for GMM cause #9, however instead of the GPRS attach the UE will re-initiate the RAU procedure once the back-off timer T3346 has expired.
If the network rejects a periodic RAU with GMM cause #22, then most likely this has been done by the SGSN without 'looking up' the subscriber context in the SGSN (otherwise the SGSN might as well have accepted the periodic RAU). According to TS 24.008, subclause 4.7.2.2,
"If the SGSN includes timer T3346 in the ROUTING AREA UPDATE REJECT message or the SERVICE REJECT message and timer T3346 is greater than timer T3312, the SGSN sets the mobile reachable timer and the implicit detach timer such that the sum of the timer values is greater than timer T3346."
but it is unclear what this means regarding the point in time when the mobile reachable timer will expire (will it expire in 4 minutes or later?) and whether the SGSN is willing at all to forward any paging messages for CS services to the MS as long as T3346 is running. Therefore we propose also for this case to break the SGs interface association (if any) by initiating a generic location updating procedure if the MS did not already perform a successful generic location updating procedure since the last intersystem change from S1 mode to A/Gb or Iu mode. (Once again, in principle, if the MS performed a successful GPRS attach or RAU without ISR activation since the last intersystem change from S1 mode to A/Gb or Iu mode, we can assume that the SGs interface association has been broken, but we propose to keep the condition simple and avoid additional couplings between GMM and MM.)
Regarding the question whether the signalling load created by the additional location updates is acceptable, we note that there is already a location update trigger in subclause 4.4.1, item d, for the case when the MS cannot initiate the normal/periodic RAU, because T3346 is running:

"when the MS, configured to use CS fallback and SMS over SGs, or SMS over SGs only, enters a GERAN or UTRAN cell after intersystem change from S1 mode to Iu or A/Gb mode, if timer T3346 is running, and the location area of the current cell is the same as the stored location area;"
Therefore we think that also for the present case where the timer T3346 is not yet running, but the MS receives the T3346 timer together with GMM cause #22 during the normal/periodic RAU, the MS should be allowed to initiate a location update.

4.4 Problem 3: RAU not successful for GPRS MS in mode A/B of operation in NMO I
The same distinction into 3 groups of GMM causes applies also for this case. In the following we limit the discussion to the GMM causes #9, #10, and #22.
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Figure 2: Network architecture with NMO I for GERAN/UTRAN
For GMM cause #9 we assume that generally a GPRS MS in MS operation mode A or B will have a Gs interface association with the old SGSN. Furthermore, in the worst case the RAU Request was received by a new SGSN, different from the old SGSN to which the MS was registered before. A normal RAU will most likely occur during an ongoing CS transaction. Receipt of GMM cause #9 indicates that probably the old SGSN performed a Reset and is no longer able to map the P-TMSI/RAI of the UE to its IMSI when it receives the request from the new SGSN to provide the subscriber context. As the old SGSN has set the "SGSN-Reset" MM context variable to "true", it will perform paging for CS services via UTRAN/GERAN within location area LA1 – but only within RA2 – if it receives a paging request via the Gs interface, even if it does not know the MS. So the MS which is currently in LA1/RA1 cannot receive the paging, and we need to ensure that the MS is breaking the Gs interface association between MSC/VLR and old SGSN.

As a first measure we propose to make the "subsequent, automatic initiation of a GPRS attach procedure" upon receipt of GMM cause #9 mandatory. But as it cannot be guaranteed that the GPRS attach procedure will be successful (e.g. it could also be rejected with cause #22 and a back-off timer), we also mandate the MS to perform generic location updating until the combined GMM procedures are successful.
If GMM cause #9 is received during a periodic RAU, this is an indication of a problem in the serving SGSN, most probably a loss of the subscriber context due to a reset. In principle, after an SGSN reset the SGSN will accept a paging request from the MSC/VLR even if does not know the MS (see TS 29.018), but as it is desirable to clean-up the linkage of contexts inside the core network, we propose to mandate also for this case the same behaviour as for the normal RAU, e.g., if the MS does not have an ongoing CS transaction, it performs a generic location updating procedure followed by a combined GPRS attach procedure.

For GMM cause #10, according to TS 24.008:

If the update type is "periodic updating", a GPRS MS operating in MS operation mode A or B in network operation mode I, is IMSI detached for both GPRS and CS services in the network.

And additionally, 

If the rejected request was not for initiating a PDN connection for emergency bearer services, the MS shall then perform a new attach procedure.

On this we note that generally, the MS operating in MS operation mode A or B will be detached for CS services also if the update type was "normal updating". On the other hand, once again, it cannot be guaranteed that the GPRS attach procedure will be successful.

Therefore, we propose to remove the condition at the beginning of the sentence (note that this change is missing in the submitted CR C1-150190). After this change we assume that MM in the MS is aware of the need to re-attach for the CS domain and will take any necessary measures to achieve this goal.

For GMM cause #22 we assume that generally a GPRS MS in MS operation mode A or B will have a Gs interface association with the old SGSN. Furthermore, in the worst case the normal RAU Request was received by a new SGSN, different from the old SGSN to which the MS was registered before. One possible scenario is then that the new SGSN under signalling overload does not contact the old SGSN, but just rejects the UE with GMM cause #22 and a T3346 back-off timer value. As the reject message is not integrity protected, the UE will start T3346 with a value between 15 and 30 min. If the UE stays in the new routing area RA1, it cannot be paged via the old Gs interface in RA2 as long as T3346 is running. So the UE needs to break the old Gs interface association.
The proposed measure is similar as for GMM cause #9, however instead of the GPRS attach the UE will re-initiate the RAU procedure once the back-off timer T3346 has expired.

If the network rejects a periodic RAU with GMM cause #22, then most likely this has been done by the SGSN without 'looking up' the subscriber context in the SGSN (otherwise the SGSN might as well have accepted the periodic RAU). According to TS 24.008, subclause 4.7.2.2,
"If the SGSN includes timer T3346 in the ROUTING AREA UPDATE REJECT message or the SERVICE REJECT message and timer T3346 is greater than timer T3312, the SGSN sets the mobile reachable timer and the implicit detach timer such that the sum of the timer values is greater than timer T3346."

but it is unclear what this means regarding the point in time when the mobile reachable timer will expire (will it expire in 4 minutes or later?) and whether the SGSN is willing at all to forward any paging messages for CS services to the MS as long as T3346 is running. Therefore we propose also for this case to break the Gs interface association by initiating a generic location updating procedure.

Regarding the question whether the signalling load created by the additional location updates is acceptable, we note that there is already a location update trigger in subclause 4.4.1, item d, for the inter-RAT case when the MS cannot initiate the normal/periodic RAU, because T3346 is running:

"when the MS, configured to use CS fallback and SMS over SGs, or SMS over SGs only, enters a GERAN or UTRAN cell after intersystem change from S1 mode to Iu or A/Gb mode, if timer T3346 is running, and the location area of the current cell is the same as the stored location area;"
Therefore we think that also for the present case where the timer T3346 is not yet running, but the MS receives the T3346 timer together with GMM cause #22 during the normal/periodic RAU, the MS should be allowed to initiate a location update.

For the combined RAU procedure the same arguments apply as for the normal RAU procedure, so we propose to add the requirement to initiate a generic location updating procedure also in this case for cause #9 and #22.

For cause #10, there is already the statement that 

A GPRS MS operating in MS operation mode A or B in network operation mode I, is IMSI detached for both GPRS and CS services in the network.
So MM in the MS is aware of the need to re-attach for the CS domain and should take any necessary measures to achieve this goal.
4.5 Problem 4: GMM cause #7, #14 and the synchronization of periodic location update timer and implicit detach timer 

Currently it is specified in TS 24.008, subclause 4.7.4.2.2, that when an MS in MS operation mode A or B in a network operating in NMO I receives a Detach Request with GMM cause #7 "GPRS services not allowed" or #14 "GPRS services not allowed in this PLMN", then the MS needs to restart the periodic location update timer T3212. 
The rationale of this is that when the SGSN is informed e.g. by the HSS that the subscription for GPRS services was withdrawn for this MS, or when it is informed that for this MS roaming for GPRS services is no longer allowed, the SGSN will not only try to detach the MS, but also inform the VLR that the MS is no longer attached for GPRS services. As a consequence the VLR will start the implicit detach timer for the MS. So the MS will also need to restart the corresponding periodic location update timer. 
Originally we had the same requirement in TS 24.301, subclause 5.5.2.3.2. This was changed by CR #0266-r3 (C1-093568) in version 8.3.0 of the specification, because 
"…, in some cases, the value for T3212 may be unknown to the UE at this stage. Also, it may take some time for the UE to find GERAN or UTRAN cell, so there could be some difference between the starting time of "implicit detach timer" in the MSC and starting time of T3212 in the UE."
For GERAN/UTRAN we can assume that the MS knows the value of T3212, and we also do not have the problem that the MS may need some time to perform an inter-RAT change to a GERAN or UTRAN cell. – Still the question is whether we can be sure that the start of the location update timer in the MS and the implicit detach timer in the VLR is sufficiently synchronized, or whether it can occur that the timer in the VLR is started "much" earlier, so that it can expire before the location update timer in the MS expires and the MS becomes implicitly detached for a certain time interval.
A 'reasonable suspicion' can be based on the fact that TS 24.008 is explicitly describing the cases of reject with GMM cause #7 and #14 during a periodic RAU and with GMM cause #7 during a service request procedure, because during both procedures the SGSN will normally not contact the HLR.
In TS 23.060, subclause 6.6.2.2, we can find a message flow for the HLR-initiated detach procedure, where the SGSN is actually sending the Detach Request to the MS and the GPRS Detach Indication to the MSC/VLR within a short time interval. I.e. in this specific example, the 2 timers are started in a synchronized way. 

But let us assume that for some reason (e.g. MS is 'out-of-coverage') the Detach Request (including all retransmissions) cannot be received by the MS. According to the message flow, the SGSN will send the GPRS Detach Indication to the MSC/VLR before receiving the Detach Accept from the MS. So the implicit detach timer in the VLR will be started in any case. 
If we are in A/Gb mode and some time later the MS, which in the mean-time has returned to coverage, initiates a session management procedure, the SGSN could then respond with a Detach Request with GMM cause #7 or #14, respectively. In that case the periodic location update timer would be started by the MS some time after the implicit detach timer, and the MS could become unreachable for MT CS services when the implicit detach timer expires.

Similar cases could occur with RAU Reject, if the MS returns to coverage and initiates a periodic RAU, since the periodic RAU timer expired while the MS was out-of-coverage, or with Service Reject, if the MS initiates a service request, as it wants to send some uplink signalling or user data.
We are therefore proposing that that upon receipt of the Detach Request or TAU Reject with GMM cause #7 or #14, or Service Reject with GMM cause #7 the MS shall initiate an appropriate MM specific procedure (i.e. a generic location updating procedure with the appropriate update type) to ensure that the start of the location update timer in the MS and the implicit detach timer in the VLR is synchronized.
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Figure 3: HLR-Initiated GPRS Detach Procedure 
(source: 3GPP TS 23.060, v 13.1.0, subclause 6.6.2.2, figure 25)
Annex A: Quotation from TS 24.008, v 12.6.0:
4.7.5.1.4
Normal and periodic routing area updating procedure not accepted by the network

If the routing area updating cannot be accepted, the network sends a ROUTING AREA UPDATE REJECT message to the MS. An MS, which receives a ROUTING AREA UPDATE REJECT message with a reject cause other than GMM cause value #25 or the message is integrity protected, shall stop the timer T3330. If a ROUTING AREA UPDATE REJECT message containing a reject cause other than GMM cause value #25 is received or the message is integrity protected, the MS shall stop any ongoing transmission of user data.

If the ROUTING AREA UPDATE REJECT message containing GMM cause value cause #25 was received without integrity protection, then the MS shall discard the message.

If the routing area update request is rejected due to general NAS level mobility management congestion control, the network shall set the GMM cause value to #22 "congestion" and assign a back-off timer T3346.

The MS shall then take different actions depending on the received reject cause value:

# 3

(Illegal MS);

# 6

(Illegal ME);


The MS shall set the GPRS update status to GU3 ROAMING NOT ALLOWED (and shall store it according to subclause 4.1.3.2) and shall delete any P-TMSI, P-TMSI signature, RAI and GPRS ciphering key sequence number. The MS shall consider the SIM/USIM as invalid for GPRS services until switching off or the SIM/USIM is removed. The MS shall delete the list of equivalent PLMNs, and shall enter the state GMM-DEREGISTERED.


If the MS is IMSI attached, the MS shall in addition set the update status to U3 ROAMING NOT ALLOWED, shall delete any TMSI, LAI and ciphering key sequence number. If the MS is operating in MS operation mode A and an RR connection exists, the MS shall abort the RR connection, unless an emergency call is ongoing. The SIM/USIM shall be considered as invalid also for non-GPRS services until switching off or the SIM/USIM is removed.

If S1 mode is supported in the MS, the MS shall handle the EMM parameters EMM state, EPS update status, GUTI, last visited registered TAI, TAI list and KSI as specified in 3GPP TS 24.301 [120] for the case when the tracking area update procedure is rejected with the EMM cause with the same value.

NOTE 1:
The possibility to configure a MS so that the radio transceiver for a specific radio access technology is not active, although it is implemented in the MS, is out of scope of the present specification.

# 7

(GPRS services not allowed);

The MS shall set the GPRS update status to GU3 ROAMING NOT ALLOWED (and shall store it according to subclause 4.1.3.2.9) and shall delete any P-TMSI, P-TMSI signature, RAI and GPRS ciphering key sequence number. The SIM/USIM shall be considered as invalid for GPRS services until switching off or the SIM/USIM is removed. The MS shall delete the list of equivalent PLMNs, and shall enter the state GMM-DEREGISTERED.


If the update type is "periodic updating", a GPRS MS operating in MS operation mode A or B in network operation mode I is still IMSI attached for CS services in the network, and shall set the timer T3212 to its initial value and restart it, if it is not already running. The MS shall then proceed with the appropriate MM specific procedure according to the MM service state.

NOTE 2:
Optionally the MS starts the timer T3340 as described in subclause 4.7.1.9.


If S1 mode is supported in the MS, the MS shall handle the EMM parameters EMM state, EPS update status, GUTI, last visited registered TAI, TAI list and KSI as specified in 3GPP TS 24.301 [120] for the case when the tracking area update procedure is rejected with the EMM cause with the same value.

# 8

(GPRS services and non-GPRS services not allowed);


The MS shall set the GPRS update status to GU3 ROAMING NOT ALLOWED (and shall store it according to subclause 4.1.3.2) and shall delete any P-TMSI, P-TMSI signature, RAI and GPRS ciphering key sequence number. The MS shall delete the list of equivalent PLMNs, and shall enter the GMM state GMM-DEREGISTERED.


The MS shall set the update status to U3 ROAMING NOT ALLOWED, shall delete any TMSI, LAI and ciphering key sequence number. If the MS is operating in MS operation mode A and an RR connection exists, the MS shall abort the RR connection, unless an emergency call is ongoing. The SIM/USIM shall be considered as invalid for GPRS and non-GPRS services until switching off or the SIM/USIM is removed.
NOTE 3:
Optionally the MS starts the timer T3340 as described in subclause 4.7.1.9.


If S1 mode is supported in the MS, the MS shall handle the EMM parameters EMM state, EPS update status, GUTI, last visited registered TAI, TAI list and KSI as specified in 3GPP TS 24.301 [120] for the case when the tracking area procedure is rejected with the EMM cause with the same value.

# 9

(MS identity cannot be derived by the network);

The MS shall set the GPRS update status to GU2 NOT UPDATED (and shall store it according to subclause 4.1.3.2), enter the state GMM-DEREGISTERED, and shall delete any P-TMSI, P-TMSI signature, RAI and GPRS ciphering key sequence number. If the rejected request was not for initiating a PDN connection for emergency bearer services, the MS may subsequently , automatically initiate the GPRS attach procedure.

If S1 mode is supported in the MS, the MS shall handle the EMM parameters EMM state, EPS update status, GUTI, last visited registered TAI, TAI list and KSI as specified in 3GPP TS 24.301 [120] for the case when the tracking area update procedure is rejected with the EMM cause with the same value.

# 10
(Implicitly detached);


If the update type is "periodic updating", a GPRS MS operating in MS operation mode A or B in network operation mode I, is IMSI detached for both GPRS and CS services in the network.

The MS shall enter the state GMM-DEREGISTERED.NORMAL-SERVICE. If the rejected request was not for initiating a PDN connection for emergency bearer services, the MS shall then perform a new attach procedure. The MS should also activate PDP context(s) that were originally activated by the MS to replace any previously MS activated PDP context(s). The MS should also perform the procedures needed in order to activate any previously active multicast service(s).

If S1 mode is supported in the MS, the MS shall handle the EMM state as specified in 3GPP TS 24.301 [120] for the case when the tracking area update procedure is rejected with the EMM cause with the same value.

NOTE 4:
In some cases, user interaction may be required and then the MS cannot activate the PDP and MBMS context(s) automatically.

# 11
(PLMN not allowed);


The MS shall delete any RAI, P-TMSI, P-TMSI signature and GPRS ciphering key sequence number, shall set the GPRS update status to GU3 ROAMING NOT ALLOWED (and shall store it according to subclause 4.1.3.2), shall reset the routing area updating attempt counter, shall delete the list of equivalent PLMNs, and enter the state GMM-DEREGISTERED.


The MS shall store the PLMN identity in the "forbidden PLMN list".

The MS shall start timer T3340 as described in subclause 4.7.1.9.

If no RR connection exists, the MS shall perform the following additional actions immediately. If the MS is operating in MS operation mode A and an RR connection exists, the MS shall perform these actions when the RR connection is subsequently released:

-
If the MS is IMSI attached, the MS shall set the update status to U3 ROAMING NOT ALLOWED and shall delete any TMSI, LAI and ciphering key sequence number and shall reset the location update attempt counter. The new MM state is MM IDLE.

-
The MS shall perform a PLMN selection according to 3GPP TS 23.122 [14].


An MS in GAN mode shall request a PLMN list in GAN (see 3GPP TS 44.318 [76b]) prior to perform a PLMN selection from this list according to 3GPP TS 23.122 [14].


If S1 mode is supported in the MS, the MS shall handle the EMM parameters EMM state, EPS update status, GUTI, last visited registered TAI, TAI list, KSI and tracking area updating attempt counter as specified in 3GPP TS 24.301 [120] for the case when the tracking area update procedure is rejected with the EMM cause with the same value.

# 12
(Location area not allowed);

The MS shall delete any RAI, P-TMSI, P-TMSI signature and GPRS ciphering key sequence number, shall set the GPRS update status to GU3 ROAMING NOT ALLOWED (and shall store it according to clause 4.1.3.2), shall reset the routing area updating attempt counter and shall change to state GMM-DEREGISTERED.LIMITED-SERVICE.


The mobile station shall store the LAI in the list of "forbidden location areas for regional provision of service".

The MS shall start timer T3340 as described in subclause 4.7.1.9.

If no RR connection exists, the MS shall perform the following additional actions immediately. If the MS is operating in MS operation mode A and an RR connection exists, the MS shall perform these actions when the RR connection is subsequently released:

-
If the MS is IMSI attached, the MS shall set the update status to U3 ROAMING NOT ALLOWED, shall delete any TMSI, LAI and ciphering key sequence number and shall reset the location update attempt counter. The new MM state is MM IDLE.

-
The MS shall perform a cell selection according to 3GPP TS 43.022 [82] and 3GPP TS 25.304 [98].

NOTE 5:
The cell selection procedure is not applicable for an MS in GAN mode.


If S1 mode is supported in the MS, the MS shall handle the EMM parameters EMM state, EPS update status, GUTI, last visited registered TAI, TAI list, KSI and tracking area updating attempt counter as specified in 3GPP TS 24.301 [120] for the case when the tracking area update procedure is rejected with the EMM cause with the same value.

# 13
(Roaming not allowed in this location area);


The MS shall set the GPRS update status to GU3 ROAMING NOT ALLOWED (and shall store it according to clause 4.1.3.2) and shall delete the list of equivalent PLMNs. The MS shall reset the routing area updating attempt counter, and shall enter the state GMM-REGISTERED.LIMITED-SERVICE.


The MS shall store the LAI in the list of "forbidden location areas for roaming".

The MS shall start timer T3340 as described in subclause 4.7.1.9.

If no RR connection exists, the MS shall perform the following additional actions immediately. If the MS is operating in MS operation mode A and an RR connection exists, the MS shall perform these actions when the RR connection is subsequently released:

-
If the MS is IMSI attached, the MS shall set the update status to U3 ROAMING NOT ALLOWED and shall reset the location update attempt counter. The new MM state is MM IDLE.

-
The MS shall perform a PLMN selection according to 3GPP TS 23.122 [14].


An MS in GAN mode shall request a PLMN list in GAN (see 3GPP TS 44.318 [76b]) prior to perform a PLMN selection from this list according to 3GPP TS 23.122 [14].


If S1 mode is supported in the MS, the MS shall handle the EMM parameters EMM state, EPS update status and tracking area updating attempt counter as specified in 3GPP TS 24.301 [120] for the case when the tracking area update procedure is rejected with the EMM cause with the same value.

# 14
(GPRS services not allowed in this PLMN);
The MS shall delete any RAI, P-TMSI, P-TMSI signature, and GPRS ciphering key sequence number stored, shall set the GPRS update status to GU3 ROAMING NOT ALLOWED (and shall store it according to subclause 4.1.3.2), shall reset the routing area updating attempt counter and shall change to state GMM-DEREGISTERED.

The MS shall store the PLMN identity in the "forbidden PLMNs for GPRS service" list. A GPRS MS operating in MS operation mode C shall perform a PLMN selection instead of a cell selection.

If the update type is "periodic updating" a GPRS MS operating in MS operation mode A or B in network operation mode I shall set the timer T3212 to its initial value and restart it, if it is not already running.
A GPRS MS operating in MS operation mode A or B in network operation mode II, is still IMSI attached for CS services in the network.
As an implementation option, a GPRS MS operating in operation mode A or B may perform the following additional action. If no RR connection exists the MS may perform the action immediately. If the MS is operating in MS operation mode A and an RR connection exists, the MS may only perform the action when the RR connection is subsequently released:

-
The MS may perform a PLMN selection according to 3GPP TS 23.122 [14].


If an MS in GAN mode performs a PLMN selection, it shall request a PLMN list in GAN (see 3GPP TS 44.318 [76b]) prior to perform a PLMN selection from this list according to 3GPP TS 23.122 [14].

The MS shall not perform the optional PLMN selection in the case where the PLMN providing this reject cause is:

-
On the "User Controlled PLMN Selector with Access Technology " or,

-
On the "Operator Controlled PLMN Selector with Access Technology " list or,

-
A PLMN identified as equivalent to any PLMN, within the same country, contained in the lists above.


If S1 mode is supported in the MS, the MS shall handle the EMM parameters EMM state, EPS update status, GUTI, last visited registered TAI, TAI list, KSI and tracking area updating attempt counter as specified in 3GPP TS 24.301 [120] for the case when the tracking area update procedure is rejected with the EMM cause with the same value.

# 15
(No Suitable Cells In Location Area);


The MS shall set the GPRS update status to GU3 ROAMING NOT ALLOWED (and shall store it according to subclause 4.1.3.2) shall reset the routing area updating attempt counter and shall change to state GMM-REGISTERED.LIMITED-SERVICE.

The MS shall store the LAI in the list of "forbidden location areas for roaming".

The MS shall start timer T3340 as described in subclause 4.7.1.9.

If no RR connection exists, the MS shall perform the following additional actions immediately. If the MS is operating in MS operation mode A and an RR connection exists, the MS shall perform these actions when the RR connection is subsequently released:

-
If the MS is IMSI attached, the MS shall set the update status to U3 ROAMING NOT ALLOWED and shall reset the location update attempt counter. The new MM state is MM IDLE.

-
The MS shall search for a suitable cell in another location area or a tracking area according to 3GPP TS 43.022 [82] and 3GPP TS 25.304 [98] or 3GPP TS 36.304 [121].

NOTE 6:
The cell selection procedure is not applicable for an MS in GAN mode.


If S1 mode is supported in the MS, the MS shall handle the EMM parameters EMM state, EPS update status and tracking area updating attempt counter as specified in 3GPP TS 24.301 [120] for the case when the tracking area update procedure is rejected with the EMM cause with the same value.

#22
(Congestion);

If the T3346 value IE is present in the ROUTING AREA UPDATE REJECT message and the value indicates that this timer is neither zero nor deactivated, the MS shall proceed as described below, otherwise it shall be considered as an abnormal case and the behaviour of the MS for this case is specified in subclause 4.7.5.1.5.


The MS shall abort the routing area updating procedure, reset the routing area updating attempt counter and set the GPRS update status to GU2 NOT UPDATED. If the rejected request was not for initiating a PDN connection for emergency bearer services, the MS shallchange to state GMM-REGISTERED.ATTEMPTING-TO-UPDATE.


The MS shall stop timer T3346 if it is running.


If the ROUTING AREA UPDATE REJECT message is integrity protected, the MS shall start timer T3346 with the value provided in the T3346 value IE.


If the ROUTING AREA UPDATE REJECT message is not integrity protected, the MS shall start timer T3346 with a random value from the default range specified in table 11.3a.


The MS stays in the current serving cell and applies the normal cell reselection process. The routing area updating procedure is started, if still necessary, when timer T3346 expires or is stopped.


If the update type is "periodic updating", a GPRS MS operating in MS operation mode A or B in network operation mode I is still IMSI attached for CS services in the network.

If S1 mode is supported in the MS, the MS shall handle the EMM parameters EMM state, EPS update status, and tracking area updating attempt counter as specified in 3GPP TS 24.301 [120] for the case when the tracking area update procedure is rejected with the EMM cause with the same value.

# 25
(Not authorized for this CSG)


Cause #25 is only applicable in UTRAN Iu mode and when received from a CSG cell. Other cases are considered as abnormal cases and the specification of the mobile station behaviour is given in subclause 4.7.5.1.5.


The MS shall set the GPRS update status to GU3 ROAMING NOT ALLOWED (and store it according to subclause 4.1.3.2) and shall reset the routing area updating attempt counter. The state is changed to GMM-REGISTERED.LIMITED-SERVICE.


If the CSG ID and associated PLMN identity of the cell where the MS has sent the ROUTING AREA UPDATE REQUEST message are contained in the Allowed CSG list stored in the MS, the MS shall remove the entry corresponding to this CSG ID and associated PLMN identity from the Allowed CSG list.

If the CSG ID and associated PLMN identity of the cell where the MS has sent the ROUTING AREA UPDATE REQUEST message are contained in the Operator CSG list, the MS shall proceed as specified in 3GPP TS 23.122 [14] subclause 3.1A.
The MS shall start timer T3340 as described in subclause 4.7.1.9.

If no RR connection exists, the MS shall perform the following additional actions immediately. If the MS is operating in MS operation mode A and an RR connection exists, the MS shall perform these actions when the RR connection is subsequently released:

-
If the MS is IMSI attached, the MS shall set the update status to U3 ROAMING NOT ALLOWED and shall reset the location update attempt counter. The new MM state is MM IDLE.

-
The MS shall search for a suitable cell according to 3GPP TS 43.022 [82] and 3GPP TS 25.304 [98].


If S1 mode is supported in the MS, the MS shall handle the EMM parameters EMM state, EPS update status and tracking area updating attempt counter as specified in 3GPP TS 24.301 [120] for the case when the tracking area update procedure is rejected with the EMM cause with the same value.

Other values are considered as abnormal cases. The specification of the MS behaviour in those cases is described in subclause 4.7.5.1.5.
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