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Abstract of the contribution:

This paper discusses two issues related to ISR and SMSonly Co-existing scenario and proposes solutions for those two issues.

ISSUE 1:
In order to support SMSoverSGs feature (i.e SMSonly feature), the same architecture of CSFB is used and an optimization is introduced in TS 23.272 (V8.7.0 and V9.3.0) 




to optimize the SMSoSGs , that SMSoSGs feature allows to only upgrading a few MSCs in the VPLMN: if combined EPS/IMSI Attach is requested only for SMS service, a LA independent from geographical area can be used. 

we name the only one MSC/VLR associated with the LA which is independent from geographical area as default MSC.

For ISR and SMSonly co-existing scenario, the handling of MT-SMS is provided in subclause 8.2.5f and subclause 5.6 in TS23.272 (V8.7.0 and V9.3.0). 

----------------start of excerption  -------
8.2.5f
Mobile Terminating SMS when ISR is active and SGs is active between MSC/VLR and MME

When the MME receives the SGs Paging message for SMS, and ISR is active, and the UE is in idle mode, the MME sends the S1 interface paging message to the E-UTRAN (using the S-TMSI as temporary identity) and sends a CS paging message to the SGSN using the MSC TMSI as temporary identity (unless the MSC did not allocate a TMSI, in which case the IMSI is used for paging).
The UE is paged on E-UTRAN and by the SGSN on GERAN and/or UTRAN. For GERAN, the SGSN sends a PAGING CS message to the BSS (see TS 48.018 [zz]). For UTRAN, the SGSN sends a PAGING message to the UTRAN (see TS 25.413 [aa]) with the CN Domain Indicator set to ‘CS domain’.  The UE responds on the cell on which it is camped. When camped on E-UTRAN, the UE responds to the MME. When camped on GERAN or UTRAN, the UE responds to the MSC.
-------------------------------
5.6
Mobility Management for SMS over SGs only UEs

UEs that need SMS service but not CSFB indicate this specific condition with the "SMS-only" indication in the EPS/IMSI Attach Request and combined TA/LA update procedures. This allows an operator to deploy the SGs for SMS delivery over LTE only without the need for CSFB support. In addition, this allows the MME to use a dedicated algorithm for the selection of the MSC that supports those UEs.

NOTE:
SMS delivery does not cause the terminal to fallback to the CS-capable network. It is possible that only certain MSCs in the network (one in minimum) is configured to support SGs when the network only supports SMS for SGs operation. However such a minimal configuration can cause inter-MSC location updates to be performed at every movement into/out of E UTRAN coverage.

-------------- end of excerption -------
One problem was find out by [1], that is that when UE is ISR active (as stated in 8.2.5.f), it is possible that the UE is responding to the MSC that is not the one sending SMS-MT paging. This problem is amplified when only a few MSS is handling SMS as indicated in section 5.6. Furthermore, there is no roaming-retry procedure to redeliver SMS in the new MSC. Hence, the SMS will not get delivered even after UE performs LAU with the new MSC.
In [1], three potential solution to solve this problem was proposed:
----------------start of excerption  -------
1. Disable ISR in the UE. “SMS only” was developed for data device. So disabling ISR for data device does not sound sensible.

2. Operator implement Gd in 2/3G SGSN. This solution does not require paging via S3 from MME to SGSN as stated in 8.2.5f because SMS-GMSC allows the alternative routing between SGSN and MSS for SMS in SMS-GMSC (TS 23.040). 

3. Use MSC pool feature to ensure the paging response goes to the correct MSC. The MSC may need to ensure the identity from the UE because the LAI may be different from the EPS/IMSI attach or combined TAU.
----------------end of excerption  -------
The above problem especially related to the network which only deploy few MSC scenarios was also considered by [2], and two methods to solve above problems:
a) The MME send the CS-PAGING to the SGSN as current spec required: When UE camped on UTRAN and get CS PAGING for MT-SMS, it reselect to E-UTRAN to get the MT-SMS if it was registered in a non-broadcast LAI(How UE knows this LAI is an non-broadcast LAI is FFS now). The possible advantage of this method is the UE can get the MT-SMS in time. The major concerns may raised are 1) there may not have E-UTRAN coverage when UE try to re-select to E-UTRAN, so, the possibility that the UE do not get the MT-SMS still exist, 2) the UE’s implementation may become more complex.
b) The MME does not send the CS-PAGING to the SGSN: If the MME receive paging messages from the default MSC/VLR, the MME does not send the CS-PAGING to SGSN. When UE camped on UTRAN/GERAN, the MSC-d will not get paging response and shall report the delivery failure with the SC. Then the SC can send MT-SMS to the SGSN(which require the Gd interface). The advantages of this method are 1) the UE’s implementation is not touched. 2) The network resources needed for the MT-SMS can be saved compared with current spec and method a). The possible disadvantage is that the delivery time of the MT-SMS maybe a little bit longer.

However, during the discussion of CSFB improvements [3], it was commented that even in the LTE timescales, a considerable number of networks are likely to not implement MSC pooling. So the potential solution 3) is not  suitable.
For Rel-9, the TA and LA boundariers are aligned. If all MSCs support SGs, there is no problem regarding MME forward MT-SMS paging to SGSN, which is stated in current subclause 8.2.5f, and the MT-SMS is delivered in an effiecent way. If only few MSC support SGs, above problem still exist and need a solution.
For Rel-8 spec, the TA and LA boundariers are not required to be aligned. However, the TA and LA boundariers in the real network should be aligned if the operator want to provide good user experience. So the possibility of the problem for the all MSC support SGs scenario is very small in the real network. Same as Rel-9, if only few MSC support SGs, above problem still exist and need a solution.
Regarding that i) SMS is not a real time service and the delay of the SMS is a kind of normal user experience, ii) for the only default MSC is deployed scenairo in R8 and R9, the UE would not get MT-SMS if the paging is from S3 interface and hence related signaling is unnecessary, iii) simplify the implementations of the UE and the network nodes, iv) keep the MT-SMS delivery in an effiecent way for the all MSC support SGs scenario,it is proposed that to select the method b) as a way forward.

Proposal 1: In the ISR activated and SMSoverSGs co-existing scenario, the Gd interface is required and when MME receives SGsAP-PAGING-REQUEST messages from the default MSC/VLR, the MME does not send CS-PAGING to SGSN.
ISSUE 2:
For CSFB/SMSoverSGs enabled UE, UE is required to do Combined ATTACH/TAU with CSFB or SMSonly indication in E-UTRAN to request CSFB/SMSonly services. However, for SMSonly UE(i.e. UE only require SMS, but no CS-VOICE), which location update procedure, i.e. RAU or Combined RAU or LAU, to be initiated when the UE re-select UTRAN or GERAN still needs more consideration.

For ISR and CSFB/SMSonly relations, please find subcluse 5.5 in TS23.272 (V8.7.0 and V9.3.0).

----------------start of excerption  -------
5.5
Idle Mode Signalling Reduction

In relation with CSFB and/or SMS over SGs, when ISR is activated, the UE follows regular ISR behaviour. It may reselect between E-UTRAN and GERAN/UTRAN without a need to update the CN. When a mobile terminated service arrives, the MSC/VLR sends a paging message via SGs to the MME. The MME pages in the TA(s) registered for the UE, and, the MME uses the S3 interface to request the SGSN (i.e. the SGSN that has an ISR relation with the MME for that UE) to page the UE in the registered RA. When the UE is already connected with the MME, the MME forwards the paging request only to the UE via the established signalling connection.

When the UE is IMS registered for voice service, even if the UE is capable for "combined EPS/IMSI attach" it may need to ignore ISR activation based on the conditions for ISR activation/de-activation for UEs registered for IMS voice service as defined in TS 23.401 [2].

CSFB and/or SMS over SGs enabled UE includes the "combined EPS/IMSI attach capability" indication as part of the "MS Network Capability" in the Attach, RAU or combined RAU/LAU Request message, if the UE has been configured to use CSFB service and/or SMS over SGs. SGSN stores the "combined EPS/IMSI attach capability" indication for ISR operation. If the UE has not been configured to use CSFB or SMS over SGs, the CSFB/SMS over SGs capable UE shall not include the "combined EPS/IMSI attach capability" indication in the Attach, RAU or combined RAU/LAU Request message to SGSN.

ISR remains activated until the CSFB/SMS over SGs enabled UE performs a combined RAU/LAU procedure (e.g. a UE in NMO I moves to a new RA or LA or the periodic TAU timer expires while the UE is in NMO I of GERAN/UTRAN) or separate LAU procedure (e.g. a UE moves to a different LA in NMO II or III or the periodic TAU timer expires while the UE is in NMO II/III of GERAN/UTRAN). Normal re-selection between registered RA/TA(s) does not cause ISR deactivated condition. When the UE needs to perform a combined RAU/LAU, the SGSN checks the "combined EPS/IMSI attach capability" bit in MS Network Capability and if it indicates that CSFB and/or SMS over SGs is enabled then SGSN deactivates ISR by not indicating ISR activated in the RAU Accept message, which is a regular ISR functionality as specified in TS 23.401 [2]. So an SGSN in a CSFB/SMS over SGs configuration never indicates ISR activated in combined RAU procedures for CSFB/SMS over SGs enabled UEs. After a combined RA/LA update procedure, the MSC pages via Gs for mobile terminated services. When Gs is not used, the MSC/VLR pages in the LA via Iu/A for mobile terminated services.
If ISR is deactivated and the UE re-selects to E-UTRAN with the TIN indicating "P-TMSI", it initiates a TAU procedure, which is a regular ISR functionality as specified in TS 23.401 [2], and ISR can be activated again. The CS fallback/SMS over SGs enabled UE shall perform this TAU procedure as a combined TA/LA Update Procedure.

-------------- end of excerption -------

According to subclause 5.5, when UE has been configured to use CSFB and SMSoverSGs, network and UE takes same operation regarding ISR opeartion. Regarding SMSoverSGs, there are some concerns of apply the same operation to CSFB and SMSoverSGs.

1. “SMS only” was developed for data device. So disabling ISR for data device does not sound sensible [1]. That is, the network and the UE will not get the benefits of the ISR feature.
2. For “SMS only” UE, doing Combined RAU/LAU or LAU in UTRAN/GERAN will cause unnecessary signalling loads in the network. For the Combined RAU/LAU case, the SGs interface will be teardown and the Gs interface will be established if the network supports Gs(in NMO I). If the network does not support Gs(in NMO II or III), the UE will perform a separate LAU and the SGs will be teardown also. In above cases, there are lots of updating signalling between MSC/VLR and HLR, MME and MSC/VLR when the UE moves between 2G/3G and LTE, especially network only deployed few MSC to supports SGs.
3. Some data card UE may not able to do Combined LAU/RAU or LAU. According to Subclause 6.3.2 of TS23.060, the MS which in class-C mode of opeartion never makes combined RA/LA updates. For legacy data card MS, it may only able to operate in class-C mode. For dual mode (LTE and 2G/3G) data card, it may only operate in class-C mode when camped on UTRAN/GERAN. 

Regarding the “SMS only” was developed for data device, it is reasonable to make the assumptions that the LTE UE who supports “SMS only”, e.g. LTE data cards, should support mobile terminated point to point SMS via PS domain in UTRAN/GERAN if it can access via UTRAN/GERAN.
Based on above considerations, in order to get the benefits of ISR and reduce the signalling load of the network, it is proposed that the UE has been configured to SMSonly to operate in CLASS-C mode and only do RAU rather than Combined RAU or separated LAU when camped in 2G/3G. The possible disadvantage of this proposal is that in some scenarions, the delivery of MT-SMS maybe delayed.
Proposal 2: In the ISR activated and SMSoverSGs co-existing scenario, if the UE has been configured to use SMS over SGs, it may only do RAU when it camped in UTRAN/GERAN.
Conclusion:
It is proposed to discuss the above issues and agree the proposal 1 and 2, and related CR in S2-102133,S2-102134,S2-102135,S2-102136..
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