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Abstract of the contribution: This paper proposes a mechanism to ensure that CS paging reaches the UE when the network has ISR activated. In this mechanism, the MSC/VLR just keeps one Gs association with the entity (MME or SGSN) which has recently sent the location update message to the MSC/VLR. when the MT call comes, the MSC/VLR sends one CS paging message to the entity.
Discussion
In the network where both EPS and UMTS/GSM exist, it is possible that the network is equipped with Idle Mode Signalling Reduction mechanism (ISR).This paper investigates the case where CS Fallback is applied to the network with ISR.
In the current architecture, MSC has a Gs association with SGSN and a SGs association with MME. However, it is not clarified yet whether Gs association and SGs association can be held at the same time or one at a time.  

With current Combined LA/RA mechanism, Gs association changes when SGSN changes. If we apply the same concept, it can be assumed that Gs association is changed from SGSN to MME, when UE changes from UTRAN/GERAN to EUTRAN.

However, in such case as depicted in Figure 2-1, CS-Fallback may have the following problem. 
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                    Figure 2-1: The CS Fallback problem with ISR

The ISR is applied to the network and the UE moves TA1 ( RA1 ( TA2 (suppose TA1 and TA2 are in the same TA list), the TA Update procedure does not take place when the UE moves from the RA1 to the TA2.  In such case, the MSC/VLR cannot change its Gs Association from SGSN to MME, so the MSC/VLR sends the CS paging message to the UE through MSC ( SGSN, hence the UE in TA2 cannot receive the call.
As show above, in the case when ISR is active，as the networks cannot determine whether the UE is in EUTRAN or UTRAN/GERAN, CS paging needs to be sent to both EUTRAN and UTRAN/GERAN to ensure CS paging can be reached to the UE.
To ensure CS paging is sent to both EUTRAN and UTRAN/GERAN, one approach is that the MSC/VLR keeps both a SGs association to the MME and a Gs association to the SGSN at the same time, and sending the CS paging messages to both of them when the MT call comes. But the mechanism has some problems, it requires MSC/VLR be modified for this, and knows the ISR concept of PS Domain and participates in the process of the ISR function changing between activated and deactivated (That means, before introduce this approach, there is one subscriber information in MSC/VLR per user. But in this approach, when ISR is activated, MSC/VLR keeps two Gs association, when ISR is deactivated, MSC/VLR keeps one Gs association, so in Combined RA/LA Update, TA/LA Update, or attach/LA procedure the PS entity (SGSN/MME) needs give the MSC/VLR some indication to make the MSC/VLR keep correct Gs association when ISR is deactivated/activated or changed between activated and deactivated.).
Furthermore, paging in both EUTRAN tracking area and UTRAN/GERAN routing area adds signalling load to the radio access network (eg. When ISR is activated and the UE is in idle state in EUTRAN and in active state in UTRAN/GERAN. At the present Specification, the MSC/VLR does not known the UE is in EUTRAN, the MSC/VLR will send two CS page to MME and SGSN when the MT call comes, one CS page is to SGSN and the other is to the MME. The CS page is send to UE in both EUTRAN and UTRAN/GERAN. But the CS page procedure in EUTRAN is useless and it is just waste the EUTRAN radio resource).
Based on less impact the legacy MSC/VLR, and making the approach is simple and reducing the CS paging signing load, this paper proposes another mechanism for the problem of CS fallback with ISR. In this mechanism, the MSC/VLR just keeps one Gs association with the entity (MME or SGSN) which is the last one sent the location update message to the MSC/VLR. When the MT call comes, the MSC/VLR sends one CS paging message to the entity. If the UE MM state is in idle mode and the ISR is activated, the entity receiving the CS paging from the MSC/VLR starts a CS paging in its own domain, and forwards the CS paging message to the ISR associated entity (SGSN or MME). The entity get the ISR associated entity information in the ISR activation process as descried in the TS23.401. If the UE MM state is in active mode and the ISR is activated, the entity receiving the CS paging from the MSC/VLR just starts a CS paging in its own domain. The mechanism need not modify legacy MSC/VLR for ISR, it needs adding a new message such as ”CS page” between SGSN and MME, and modify MME and SGSN. To support ISR, the SGSN is R8 SGSN, so the Pre-R8 SGSN need not modify for this approach.
Proposal

It is proposed to agree to resolve the above issue, and add the following change to the TS23.272.
**** First Change ****
4.3.3
MSC

The CS fallback enabled MSC supports the following additional functions:

· Maintaining SGs association towards MME for EPS/IMSI attached UE

· Paging on SGs and Iu/A in parallel
· 
**** End of Change ****
**** Second Change ****
5.4.2
Periodic TA and LA Update Procedure

When the UE is camped in the E-UTRAN, periodic LA updates shall not be performed. In this case the MSC/VLR shall disable implicit detach for EPS-attached UEs and instead rely on the MME to receive periodic TA updates. If periodic TA updates are not received in the MME and the MME detaches the UE, the MME shall notify the MSC/VLR by sending an IMSI Detach Indication message. 
If the UE is both EPS/IMSI and GPRS/IMSI attached, the UE shall initiate combined periodic TA/LA or RA/LA update procedure.
**** End of Change ****
**** Third Change ****
7.7  Interaction with ISR
7.7.1.
General

When ISR is active, a mechanism is needed to ensure that CS Fallback paging is always reaching the UE. The MSC/VLR shall keep either Gs association with SGSN or SGs association with MME, depending from which entity the last location update message is received. When the MT call comes, the MSC/VLR sends CS paging message to the entity (SGSN or MME) which has Gs or SGs association with the MSC/VLR.
· SGSN or MME starts a CS paging process in its domain and forwards the CS paging message to the ISR associated entity which is MME or SGSN when ISR is active and the UE is in idle state (for SGSN, the UE is in PMM-IDLE (IU mode) or STANDBY (A/Gb mode) state, for MME, the UE is in ECM-IDLE). 
· SGSN or MME starts a CS paging process only in its own domain when ISR is active and the UE is in active state (for SGSN, the UE is in PMM-connected (IU mode) or READY(A/Gb mode), for MME, the UE is in ECM-CONNECTED).
7.7.2  Mobile Terminating Call when ISR is active and SGs is active between MSC/VLR and MME
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Figure 7.7.2-1: Mobile Terminating Call when ISR is active and SGs is active between MSC/VLR and MME
1)    G-MSC receives IAM.

2)   G-MSC retrieves routing information of the terminating UE by Send Routing Info procedures as specified in TS 23.018 [5].

3)    G-MSC sends IAM to the MSC/VLR on the terminating side as specified in TS 23.018 [5].
4)    The MSC/VLR sends a Page message to the MME via SGs (details on the Page message can be found in 7.2 or 7.3).
5a)  The MME receives the Page message from the MSC/VLR. If the UE is in ECM-IDLE state, the MME sends a Paging (as specified in TS 23.401 [2], and CN Domain Indicator) message to each eNodeB serving the TA list the UE is registered to as specified in sub clause 7.2.  If the UE is in ECM-CONNECTED, the MME relays the CS Page message to the serving eNodeB over the S1 interface as specified in sub clause 7.3.
5b)  If the UE is in ECM-IDLE state, the eNodeBs receive CS paging messages from the MME, and the procedures take place as specified in sub clause 7.2. If the UE is in ECM-CONNECTED state, the eNodeB receives CS paging message from the MME, and the procedure take place as specified in sub clause 7.3.
6a)  If ISR is active and the UE is in ECM-IDLE state, the MME forwards the CS paging message received from the MSC/VLR to the associated SGSN. The MME gets the SGSN information in the ISR activation process.
6b)  The SGSN receives the CS paging message from the MME. If the SGSN has no Gs interface with the MSC/VLR, the SGSN discards the CS paging message received from the MME. If the SGSN has a Gs interface with the MSC/VLR, the SGSN sends paging messages to RNS/BSSs, which is described in detail in TS 23.060[3]. 

6c)  When RNS/BSS nodes receive paging message from the SGSN, paging is initiated as described in detail in TS 23.060[3].

NOTE: If ISR is not active or the UE is in ECM-CONNECTED state, the MME does not send the CS paging message to the SGSN. That means, the step of 6a, 6b, 6c are not needed in the MT call procedure.
7)    Upon receipt of a Paging Request message for a circuit-switched service, the CS Fallback (as defined in this specification) or Cell Reselection (as defined in TS 23.060[3]) take place, and the UE accesses CS domain from UMTS/GSM. 
8)    When the CS Fallback or Cell Reselection completes, the UE responds to the CS paging request and returns the CS paging response as described in detail in this specification and TS 23.060[3] to the RNS/BSS.
9)   When received at the RNS/BSS, the CS Paging Response message is sent to the MSC/VLR as described in detail in TS 23.060[3]. The MSC/VLR receives CS paging response contained in corresponding message which shall then stop the paging response timer and establish the CS connection, then the MT call process as described in detail in TS 23.018[5].
7.7.3  Mobile Terminating Call when ISR is active and Gs is active between MSC/VLR and SGSN
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Figure 7.7.3-1: Mobile Terminating Call when ISR is active and Gs is active between MSC/VLR and SGSN
1)    G-MSC receives IAM.

2)   G-MSC retrieves routing information of the terminating UE by Send Routing Info procedures as specified in TS 23.018[5].

3)    G-MSC sends IAM to the MSC/VLR on the terminating side as specified in TS 23.018[5].
4)    The MSC/VLR sends a Page (IMSI, VLR TMSI, Location Information) message to the SGSN in IU mode or a Page (IMSI, VLR TMSI, Channel Needed, Priority, Location Information) message in A/Gb mode to the SGSN as described in detail in TS 23.060[3]. 

5a)  The SGSN receives the CS Paging message from the MSC/VLR, sends paging message to RNS/BSS, which is described in detail in TS 23.060[3].

5b)  After the RNS/BSS nodes receive paging messages from the SGSN, the UE is paged by the RNS/BSS nodes, which is described in detail in TS 23.060 [3].
6a)  If ISR is active and the UE is in PMM-IDLE (IU mode) or STANDBY (A/Gb mode), the SGSN forwards the CS paging message received from the MSC/VLR to the MME. The SGSN gets the MME information in the ISR activation process.
6b)  The MME receives the CS Page message from the SGSN. If the UE is in ECM-IDLE state, the MME sends a Paging (as specified in TS 23.401 [2], and CN Domain Indicator) message to each eNodeB serving the TA list the UE is registered to as specified in sub clause 7.2. If the UE is in ECM-CONNECTED state, the MME relays the CS Page message to the current accessed eNodeB over the S1 interface as specified in sub clause 7.3.
6c)  If the UE is in ECM-IDLE state, the eNodeBs receive CS paging message from the MME, the following  procedures takes place as specified in sub clause 7.2. If the UE is in ECM-CONNECTED state, the eNodeB receives CS paging messages from the MME, the following procedures take place as specified in sub clause 7.3.
NOTE: If ISR is not active or the UE is in PMM-connected(IU mode) or READY(A/Gb mode), the SGSN does not forward the CS paging message to the MME, That means, the step of 6a, 6b, 6c are not needed in the MT call procedure.
7)    Upon receipt of a Paging Request message for a circuit-switched service, the CS Fallback or Cell Reselection take place , the UE access from UMTS/GSM CS domain.
8)    When the CS Fallback or Cell Reselection completes, the UE responds to the CS paging request and returns the CS paging response as described in detail in TS 23.060[3] to the RNS/BSS.
9)   When received at the RNS/BSS, the CS Paging Response message is sent to the MSC/VLR as described in detail in TS 23.060[3]. The MSC/VLR receives the CS paging response contained in corresponding message which shall then stop the paging response timer and establish the CS connection, then the MT call process as described in detail in TS 23.018[5].
**** End of Change ****
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