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1. Introduction
The stage 2 specifications have been updated with the introduction of the PS-only service provision, and therefore there is need of capturing in CT1 specifications the necessary aspects. One of the aspects is to indicate to the UE that procedures to attach to CS domain are not necessary for obtaining SMS. Also, not only should new UE implementations (based on Rel-11) be in focus, but also legacy UEs.
This paper discusses the stage 2 requirements and the current stage 3 use of cause values in order to evaluate whether an existing cause value or a new one is necessary to specify the stage 3 detail level. A way forward is finally proposed in order to indicate the UE the appropriate behaviour.
2. Discussion
The PS-only service provision has been added to stage 2 (3GPP TS 23.060 [1], and 23.272 [2]) and implies a subscription which allows only for services exclusively provided by PS domain nodes (including SMS).

3GPP TS 23.060 [1] states, quote:

“SMS-Supported” is indicated to the MS when the subscription data indicate “PS-only-enabled” and the SGSN supports NAS based SMS services. It indicates to the MS that it can obtain NAS based SMS servives from the SGSN. An MS that needs only PS and NAS based SMS services should not perform any procedures via CS domain when it can obtain NAS based SMS services from SGSN. If step 8 was not performed e.g. due to Subscription Data indicate “PS-only-enforced” then SGSN indicates that the Attach was successful for GPRS only and a Cause indicates why the IMSI attach was not performed. 

The text above implies that a cause value is returned to the UE during the combined procedure in order to achieve a particular UE behaviour when the procedure is only accepted for PS domain services by a Rel-11 network. This Re-11 network includes the HSS which seems to be updated by providing two possible indications:
· “PS-only-enforced” used for the case the subscription does not contain any CS subscriber data; and

· “PS-only-enabled” used to indicate that the PS subscriber data allow for SMS services and the HPLMN supports SMS services via PS domain NAS (delivery of SMS via GPRS), which is independent of whether there is any CS subscriber data stored in the HSS or not. The HSS may be configured per VPLMN whether SMS services via PS domain NAS are supported and wanted.
The above indications should be used by the MME/SGSN to decide to not perform IMSI attach for CS domain services when the UE is requesting IMSI attach only for obtaining SMS and not any other services from CS domain.

Since both new UE implementations and legacy UEs have to be considered we need to analyze all possible cases. Let’s consider the case of an SGSN.
	
	“SMS only” indication
	HSS indication
	Comment

	New UE
	Yes
	PS-only-enforced
	Case A) Since the HSS indicates "PS-only-enforced" (no CS subscription data), the SGSN does not update to the MSC (no Gs association), and therefore the combined procedure would be successful for PS only, a cause value is returned in the acceptance message.

	
	Yes
	PS-only-enabled
	Case B) Since the the HSS indicates "PS-only-enabled" and the UE requests “SMS-only”, the SGSN does not update to the MSC (no Gs association), and therefore the combined procedure would be successful for PS only, a cause value is returned in the acceptance message.

	
	No
	PS-only-enforced
	Case A) Since the HSS indicates "PS-only-enforced" (no CS subscription data), the SGSN does not update to the MSC (no Gs association), and therefore the combined procedure would be successful for PS only, a cause value is returned in the acceptance message.

	
	No
	PS-only-enabled
	Case C) Though the HSS indicates "PS-only-enabled", the UE does not indicate “SMS only”, then the SGSN updates to the MSC. Assuming everything goes well then the combined procedure is successful for both PS and CS. No cause is needed here.

From the UE side, everything goes well (no problem).

	Legacy UE
	No
	PS-only-enforced
	Case A) Since the HSS indicates "PS-only-enforced" (no CS subscription data), the SGSN does not update to the MSC (no Gs association), and therefore the combined procedure would be successful for PS only, a cause value is returned in the acceptance message.

	
	No
	PS-only-enabled
	Case C) Though the HSS indicates "PS-only-enabled", the UE does not indicate “SMS only”, then the SGSN updates to MSC. Assuming everything goes well then the combined procedure is successful for both PS and CS. No cause is needed here.

From the UE side, everything goes well (no problem).


Table 1: UE requesting combined procedures to an Rel-11 network which SGSN provides SMS over PS domain NAS (delivery of SMS via GPRS)
From the table 1 we can draw a number of conclusions:

· The case C) is not issue with regards to the sending of cause value to the UE; 

· The case A) can take place with new UE implementation and also legacy UE; and

· The case B) is particular to a new UE implementation.
Then, the remaining question is which cause value to use for cases A) and B).

For case A) “PS-only-enforced” is indicated by the HSS and clearly means no CS subscription data so there is no need for the UE to attempt to be attached for CS domain services. The cause #2 (IMSI unknown in the HLR) seems the choice (note that this case includes legacy UE) (see 3GPP TS 24.008 [3]).

For case B) “PS-only-enabled” is indicated by the HSS, and therefore cause #2 is not appropriate, a new cause value should be defined since none of existing one seems to provide the recommended stage 2 behaviour (note that this case only takes place with new UE), quote of 3GPP TS 23.060 [1] “An MS that needs only PS and NAS based SMS services should not perform any procedures via CS domain when it can obtain NAS based SMS services from SGSN”. The new cause value should recommend the UE not to perform a new combined procedure or location area updating procedure for obtaining SMS (to get attached to obtain CS domain services exclusively for SMS).
Note that for the case A) the use of any other cause than #2 has undesirable effects in both the UE and the network. When the cause “MSC temporarily not reachable” or “Network failure” or “Congestion” is provided (all these are treated in the same way), the UE will still attempt to get IMSI attached; combined routing area updating procedure with IMSI attach up to the maximum number of retransmissions (this is many attempt and time). Further actions are to start performing separate location updating procedure and this could be (depending on implementations) till the success is achieved (since some legacy UE might expect to get CS anyhow for emergency call). The UE may also decide to perform PLMN selection and leave. 

Also, note that the use of a not typically defined cause value also would leave to similar behaviour in the UE (as per abnormal cases in the MS sub-clauses. See Annex A of this paper).

3. Conclusion

The introduction of the PS-only service provision in stage 2 specifications requires CT1 to provide a mean of indicating the UE that procedures to attach to CS domain are not necessary for obtaining SMS.
New UE implementations and legacy UEs have to be considered in order to provide an appropriate cause value to define the UE behaviour. Based on the analysis outlined in this paper, it is proposed to use the cause #2 (IMSI unknown in the HLR) for the cases A) described, and a new cause value for the case B).
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Annex A 

Excerpts from 3GPP TS 24.008 [3]
4.7.3.2.3.2
Combined attach successful for GPRS services only

Apart from the actions on the routing area updating attempt counter, the description for IMSI attach for GPRS services as specified in subclause 4.7.3.1.3 shall be followed. In addition, the following description for IMSI attach for non-GPRS services applies.

The MS receiving the ATTACH ACCEPT message takes one of the following actions depending on the reject cause:

# 2

(IMSI unknown in HLR) 


The MS shall stop timer T3310 if still running and shall reset the routing area updating attempt counter. The MS shall set the update status to U3 ROAMING NOT ALLOWED and shall delete any TMSI, LAI and ciphering key sequence number. The MS shall enter state GMM-REGISTERED.NORMAL-SERVICE. The new MM state is MM IDLE. The SIM/USIM shall be considered as invalid for non-GPRS services until switching off or the SIM/USIM is removed.

# 16
(MSC temporarily not reachable)

# 17
(Network failure); or

# 22
(Congestion)

The MS shall change to state GMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM. Timer T3310 shall be stopped if still running. The routing area updating attempt counter shall be incremented.


If the routing area updating attempt counter is less than 5, and the stored RAI is equal to the RAI of the current serving cell and the GMM update status is equal to GU1 UPDATED:

-
the MS shall keep the GMM update status GU1 UPDATED and changes state to GMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM. The MS shall start timer T3311. When timer T3311 expires the combined routing area update procedure indicating "combined RA/LA updating with IMSI attach" is triggered again.


If the routing area updating attempt counter is greater than or equal to 5:

-
the MS shall start timer T3302 and shall change to state GMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM;

-
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 III (depending whether a PCCCH is present) as long as the combined GMM procedures are not successful and no new RA is entered. The new MM state is MM IDLE.

Other reject cause values and the case that no GMM cause IE was received are considered as abnormal cases. The combined attach procedure shall be considered as failed for GPRS and non-GPRS services. The behaviour of the MS in those cases is specified in subclause 4.7.3.2.5. 

4.7.5.2.3.2
Combined routing area updating successful for GPRS services only

Apart from the actions on the routing area updating attempt counter, the description for normal routing area update as specified in subclause 4.7.5.1.3 shall be followed. In addition, the following description for location area updating applies.

The MS receiving the ROUTING AREA UPDATE ACCEPT message takes one of the following actions depending on the reject cause:

#2


(IMSI unknown in HLR);

The MS shall stop timer T3330 if still running and shall reset the routing area updating attempt counter. The MS shall set the update status to U3 ROAMING NOT ALLOWED and shall delete any TMSI, LAI and ciphering key sequence number. The MS shall enter state GMM-REGISTERED.NORMAL-SERVICE. The new MM state is MM IDLE. The SIM/USIM shall be considered as invalid for non-GPRS services until switching off or the SIM/USIM is removed.

#16
(MSC temporarily not reachable);

#17
(Network failure); or

#22
(Congestion).

The MS shall change to state GMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM. Timer T3330 shall be stopped if still running. The routing area updating attempt counter shall be incremented. If the routing area updating attempt counter is less than 5, and the stored RAI is equal to the RAI of the current serving cell and the GMM update status is equal to GU1 UPDATED:

-
the MS shall keep the GMM update status GU1 UPDATED and changes state to GMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM. The MS shall start timer T3311. When timer T3311 expires the combined routing area update procedure indicating "combined RA/LA updating with IMSI attach" is triggered again.


If the routing area updating attempt counter is greater than or equal to 5:

-
the MS shall start timer T3302 and shall change to state GMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM;

-
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 III (depending whether a PCCCH is present) as long as the combined GMM procedures are not successful and no new RA is entered. The new MM state is MM IDLE.

Other reject cause values and the case that no GMM cause IE was received are considered as abnormal cases. The combined routing area updating shall be considered as failed for GPRS and non-GPRS services. The specification of the MS behaviour in those cases is specified in subclause 4.7.5.2.5.
4.7.3.2.5
Abnormal cases in the MS

The MS shall proceed as follows:

-
If the combined attach was successful for GPRS services only and the ATTACH ACCEPT message contained a cause value not treated in subclause 4.7.3.2.3.2 or the GMM Cause IE is not included in the message, the MS shall follow the procedure specified in subclause 4.7.3.1.5 step d), with the following modification;

-
Otherwise, the abnormal cases specified in subclause 4.7.3.1.5 apply with the following modification.

If the GPRS attach attempt counter is incremented according to subclause 4.7.3.1.5 the next actions depend on the Location Area Identities (stored on SIM/USIM and the one of the current serving cell) and the value of the attach attempt counter:

-
if the update status is U1 UPDATED, and the stored LAI is equal to the one of the current serving cell and the attach attempt counter is smaller than 5, then the mobile station shall keep the update status to U1 UPDATED, the new MM state is MM IDLE substate NORMAL SERVICE;

-
if the attach attempt counter is smaller than 5 and, additionally, the update status is different from U1 UPDATED or the stored LAI is different from the one of the current serving cell, then the mobile station shall delete any LAI, TMSI, ciphering key sequence number stored in the SIM/USIM and list of equivalent PLMNs and set the update status to U2 NOT UPDATED. The MM state remains MM LOCATION UPDATING PENDING; or

-
if the attach attempt counter is greater or equal to 5, then the mobile station shall delete any LAI, TMSI, ciphering key sequence number stored in the SIM/USIM and list of equivalent PLMNs and set the update status to U2 NOT UPDATED.
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 III (depending whether a PCCCH is present) as long as the combined GMM procedures are not successful and no new RA is entered. The new MM state is MM IDLE substate ATTEMPTING TO UPDATE or optionally MM IDLE substate PLMN SEARCH in order to perform a PLMN selection according to 3GPP TS 23.122 [14].

4.7.5.2.3.2
Combined routing area updating successful for GPRS services only

Apart from the actions on the routing area updating attempt counter, the description for normal routing area update as specified in subclause 4.7.5.1.3 shall be followed. In addition, the following description for location area updating applies.

The MS receiving the ROUTING AREA UPDATE ACCEPT message takes one of the following actions depending on the reject cause:

#2


(IMSI unknown in HLR);

The MS shall stop timer T3330 if still running and shall reset the routing area updating attempt counter. The MS shall set the update status to U3 ROAMING NOT ALLOWED and shall delete any TMSI, LAI and ciphering key sequence number. The MS shall enter state GMM-REGISTERED.NORMAL-SERVICE. The new MM state is MM IDLE. The SIM/USIM shall be considered as invalid for non-GPRS services until switching off or the SIM/USIM is removed.

#16
(MSC temporarily not reachable);

#17
(Network failure); or

#22
(Congestion).

The MS shall change to state GMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM. Timer T3330 shall be stopped if still running. The routing area updating attempt counter shall be incremented. If the routing area updating attempt counter is less than 5, and the stored RAI is equal to the RAI of the current serving cell and the GMM update status is equal to GU1 UPDATED:

-
the MS shall keep the GMM update status GU1 UPDATED and changes state to GMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM. The MS shall start timer T3311. When timer T3311 expires the combined routing area update procedure indicating "combined RA/LA updating with IMSI attach" is triggered again.


If the routing area updating attempt counter is greater than or equal to 5:

-
the MS shall start timer T3302 and shall change to state GMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM;

-
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 III (depending whether a PCCCH is present) as long as the combined GMM procedures are not successful and no new RA is entered. The new MM state is MM IDLE.

Other reject cause values and the case that no GMM cause IE was received are considered as abnormal cases. The combined routing area updating shall be considered as failed for GPRS and non-GPRS services. The specification of the MS behaviour in those cases is specified in subclause 4.7.5.2.5.

4.7.5.2.5
Abnormal cases in the MS

The MS shall proceed as follows:

-
If the combined routing area update was successful for GPRS services only and the ROUTING AREA UPDATE ACCEPT message contained a cause value not treated in subclause 4.7.5.2.3.2 or the GMM Cause IE is not included in the message, the MS shall follow the procedure specified in subclause 4.7.5.1.5 step d) with the following modification;

-
otherwise, the abnormal cases specified in subclause 4.7.5.1.5 apply with the following modification.

If the GPRS routing area updating attempt counter is incremented according to subclause 4.7.5.1.5 the next actions depend on the Location Area Identities (stored on SIM/USIM and the one of the current serving cell) and the value of the routing area updating attempt counter.

-
if the update status is U1 UPDATED, and the stored LAI is equal to the one of the current serving cell and the routing area updating attempt counter is smaller than 5, then the mobile station shall keep the update status to U1 UPDATED, the new MM state is MM IDLE substate NORMAL SERVICE;

-
if the routing area updating attempt counter is smaller than 5 and, additionally, the update status is different from U1 UPDATED or the stored LAI is different from the one of the current serving cell, the mobile station shall delete any LAI, TMSI, ciphering key sequence number stored in the SIM/USIM and list of equivalent PLMNs and set the update status to U2 NOT UPDATED. The MM state remains MM LOCATION UPDATING PENDING; or

-
if the routing area updating attempt counter is greater or equal to 5, the mobile station shall delete any LAI, TMSI, ciphering key sequence number stored in the SIM/USIM and list of equivalent PLMNs and set the update status to U2 NOT UPDATED.
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 III (depending whether a PCCCH is present) as long as the combined GMM procedures are not successful and no new RA is entered. The new MM state is MM IDLE substate ATTEMPTING TO UPDATE or optionally MM IDLE substate PLMN SEARCH in order to perform a PLMN selection according to 3GPP TS 23.122 [14].

