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1. Introduction

Idle mode signalling reduction (ISR) is a feature which achieves signalling reduction during inter-RAT cell-reselection in idle mode. ISR basically reduces the need of performing tracking area/routing area updating procedures caused by UEs moving between S1 mode and Iu or A/Gb mode. Not only does it aim at reducing signalling between the UE and operator’s network, but also the signalling between the network entities (see 3GPP TS 23.401 [1]).
This contribution analyses the stage 3 (CT1) condition of deactivating ISR which is based on information provided by the UE. Furthermore, the present document identifies several issues with the current condition which results in significant increase of unnecessary signalling (deactivation of ISR when not needed), and therefore degradation of the ISR feature. Finally, a way forward is proposed.

2. Discussion

2.1 Analysis of deactivation of ISR

At the last CT1 meeting (#71) a contribution on “Disable and re-enable of EMM combined procedures capability” was discussed (see C1-111853 [2]). The contribution proposed for the Rel-10 version of 3GPP TS 24.008 [3] to dynamically indicate the support of EMM combined procedures for CSFB and/or SMS over SGs enabled UEs. Though a number of companies acknowledged that there is an issue, the CR was postponed for future meetings. In order to evaluate which is the way forward, let’s take a look to the condition to deactivate ISR in the CT1 specification.

The SGSN (in a network which supports CSFB) has to deactivate ISR by checking the EMM combined procedure capability bit included in the MS Network Capability IE. Quote of the section 4.7.5.2.3 of 3GPP TS 24.008 [3]:

If the network supports CS Fallback, and the mobile station has indicated support of EMM combined procedures in MS network capability, the network shall indicate in the Update result IE in the ROUTING AREA UPDATE ACCEPT message that ISR is not activated.
The current CT1 text results in undesirable effects since the network deactivates ISR for UEs which implement CSFB and/or SMS over SGs but are not configure to use it. Therefore, ISR is deactivated for UEs with SRVCC capability which are able to perform combined procedures (but not configured for CSFB and/or SMS over SGs). On one hand, this is not optimal and results in unnecessary signalling load to operators’ networks (tracking area updating procedures) for UEs that return to E-UTRA when the ISR is available in the network.

On the other hand, the above text in 3GPP TS 24.008 [3] is also against the stage 2 where the current stage 2 text clearly avoids the deactivation of ISR for non CSFB and/or SMS over SGs enabled UEs, quote of section 5.5. of 3GPP TS 23.272 [4]:
CSFB and/or SMS over SGs enabled UE includes the "combined EPS/IMSI attach capability" indication as part of the "UE Network Capability" in the Attach, RAU or combined RAU/LAU Request message, if the UE has been configured to use CSFB service 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
It is important to note that the main reason to deactivate ISR is to re-establish the SGs association between the MME and the MSC/VLR when the UE returns to E-UTRA due to the SGs association for this particular UE has been removed as a result of a successful combined RA/LA updating procedure. However, in the case that the SGs association between the MME and the MSC/VLR is not established for this particular UE (e.g. the UEs with the setting of "prefer IMS PS Voice with CS Voice as secondary" which are able to perform combined procedures but initiate the non-combined procedure as specified in Annex A.2 of 3GPP TS 23.221 [9]), then deactivating ISR is not needed.
Hence, one can see that whether the SGSN decides to deactivate ISR for a particular UE should then be based on whether the SGs association is established for this UE and not based on the UE’s capability included in the MS Network Capability IE. Overall, if this is a static capability.
One can wonder whether the indication of the UE of the EMM combined procedures capability bit is static. We can conclude that as per other capabilities included in the MS Network Capability IE the EMM combined procedures capability should be static and not configuration or success/failure of a previously performed combined procedure in E-UTRA. Note that the ISR capability bit is an exception (the UE shall not set the ISR support bit when mandated to disable the E-UTRA capability, see 3GPP TS 24.301 [5], section 4.5).
The existing solution is based on a UE-based solution in which the UE informs the network about the support of EMM combined procedures (static capability). The existing solution is not optimal and results in undesirable effects as described previously. Therefore, solutions should be investigated.
2.2 Possible solutions

The postponed contribution in C1-111853 [2] proposes to make the setting of the EMM combined procedures capability bit dynamic in a similar way as the disabling of the E-UTRA capability (the ISR capability bit is not set). 

However, like system vendor (including terminals) we feel that investigating a network-based approached is more appropriate. This was also proposed by some other terminal vendors at CT1#71. Moreover, in our view the principle of using the MS Network Capability IE for advertising static UE capabilities should remain as much as possible (with the exception of the ISR capability).
It is also important to bear in mind that back in February 2010 (CT1#63, SA#78), CT1 and SA2 already discussed a paper on “Possible solutions for co-existence of CSFB and ISR” (see C1-100844/S2-101492 [6]) with the agreement of one particular solution for Rel-8 (i.e., solution 1; renaming the CSFB capability to “Combined EPS/IMSI attach” in SA2 or “EMM combined procedures” in CT1), and further investigate a network-based solution (solution 4) for other releases. The issues of deactivating ISR were acknowledged for the solution chosen for Rel-8 and known by CT1, quote of C1-100844/S2-101492 [6]:

Solution 1:
[..]

Disadvantages:
 

· Not optimal in that it deactivates ISR for UEs that have the CSFB capability but are not configured to use CSFB.

In addition, SA2 indicates that the proposed network-based approached was not rejected, but deferred to further discussions. Quote of SA2 official meeting report [7]:
Discussion and conclusion:

Ericsson commented that the need for solution 4 should be deferred for future discussions. Samsung replied that Solution 1 was acceptable as a way forward but this should then be clarified in the TS. It was agreed that solution 1 should be taken as the way forward. Vodafone questioned whether this should be done for Rel-8 at this stage as Rel-8 is based on Solution 2. Samsung explained that CT WG1 would prefer Solution 1. This contribution was then noted and the CRs considered.
We believe that in order to provide an optimal solution for ISR a network-based solution is the way forward for solving the issue. Mainly, since the SGSN decision of deactivating ISR for a particular UE should then be based on whether the SGs association is established for this UE and not based on the UE’s capability sent which does not provide accurate information for decision. Therefore, the solution 4 in C1-100844/S2-101492 [6] achieves this optimal solution without UE interaction and does not require new logic in UE implementations. Quote of solution 4:

Solution 4:
Make use of the Context Request/Response messages sent between the SGSN and the MME so that the SGSN can retrieve information from the MME to inform it whether a SGs association was set-up for the UE. On combined EPS-attach, the MME stores the fact that a SGs association was set up for the UE. In UTRAN, when the UE sends a combined-RAU, as part of the normal procedures, the SGSN sends the context-request to the MME, and the MME includes the indication of “SGs association established” in the context response (along with the already sent ISR capability).

Advantages:

· BIG ADVANTAGE: Does not affect the UE in Release 8.

· Is optimal in that the SGSN is made aware from the Context-Response that the SGs association was set-up.

· SGSN sends Context-Request anyway, so no new procedure required here.

· All solutions require modifications to the SGSN.

Disadvantages:

· Modification required to the MME to return the “SGs association established” bit

The network-based approached above can be used, and therefore solve the issues of deactivating ISR. Changes are needed for the SGSN to know whether an SGs association is established for the UE. This information would be retrieved from the MME (new indicator of whether SGs association is established should anyhow be added). Since this working principle requires not only modification of CT1 specification, but also changes in CT4 specification (i.e., 3GPP TS 29.274 [8]), it is proposed to agree on the working principle in CT1 and liaise CT4.

3. Conclusion

The existing CT1 condition for deactivation of ISR is based on a UE-based solution in which the UE informs the network about the support of EMM combined procedures (static capability). 
The existing solution is not optimal and results in undesirable effects and degradation of the ISR feature. Therefore, it is proposed to agree on a working principle of having a network-based solution which does not require any explicit signalling from the UE. In this way, the SGSN would be able to know whether an SGs association is established for the UE. This information would be provided by the MME, and not the UE. Since this working principle requires changes in both CT1 and CT4 specifications, it is further proposed to agree to send an LS to CT4 and also SA2 (if CT1 agrees on the working assumption of a network-based approach rather than amending the present UE-based approach).
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