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Abstract of the contribution: The contribution proposes a simple mechanism for the avoidance of excessive idle state signalling during inter-RAT mobility, which relies on the already agreed RFSP feature, with some very simple extensions. The proposed mechanism can be used as another option besides ISR to reduce idle state signalling. A major advantage of the proposed scheme is that it is expected to be available already in the very first deployments of EUTRAN, as opposed to ISR which will be probably available later on since it requires support from multiple nodes (UE, MME, SGSN, SGW, HSS). 
1 Introduction

As part of the SAE study item, it was agreed in 23.882 to provide effective means to limit mobility related signalling during inter-RAT cell reselection in idle state. The intention is to avoid a UE toggling between EUTRAN and GERAN/UTRAN and performing TAU/RAU signalling at each access change. As a solution to this problem, the ISR (Idle State Signalling Reduction) feature is being specified, where the UE can be registered in both UTRAN/GERAN and EUTRAN, and not perform TAU/RAU at access change once registered both at an SGSN and at an MME. When downlink data arrives to the UE in idle mode, paging is performed in both GERAN/UTRAN and EUTRAN. 
While the ISR solution is a very generic way of solving the problem, it introduces significant additional complexity as it has become apparent from the recent specification efforts. It is also expected that a solution is most needed in the initial phases of EUTRAN deployment, when toggling between RATs is most probable. However ISR requires support from multiple nodes (UE, MME, SGSN, SGW, HSS), and has quite a significant complexity impact, making it difficult to be available during initial deployments. (Refer to the Appendix for a discussion on the complexity and deployment aspects of ISR.) Therefore it is interesting to look at other alternative solutions as well which could be used during initial phases of EUTRAN deployment. Below we propose such an alternative solution, which re-uses the RAT/Frequency Selection Priority (RFSP) feature already agreed, and requires only very little additions to the specification. s
2 Avoidance of IRAT-toggling using the RFSP mechanism 
As described in RAN2 LS S2-081037, the RAT/Frequency Selection Priority (formerly known as "subscriber type") feature has been decided, implying that the eNB should provide the UE with certain priorities of frequencies and/or RATs to be applied for idle mode camping. The camping policies enable UE specific camping based on subscriber information. It was also decided to use the “priority based scheme” across all 3GPP RATs. This RFSP feature enables an operator to set the UE's RAT selection priorities from the core network. This mechanism allows for yet another level of protection against UEs toggling between RATs, because the operator can down-prioritize a RAT in case there is a risk that a specific UE is toggling.  

A simple scheme in the MME/SGSN nodes can be used to detect toggling between RATs. The detection scheme can be realized by maintaining limited history information about the last used RATs in the UE context of the MME and SGSN. In this way an MME or SGSN node could easily detect excessive access changes between GERAN/UTRAN and EUTRAN. As soon as excessive toggling between accesses is detected, the RAT selection priorities for the specific UE can be modified. 

To aid the detection of toggling between RATs, it is proposed to extend the UE context in the MME/SGSN with a "RAT history list" which includes a list of (RAT type, Time) pairs. The element in the top of the list refers to the last used access, the elements further down the list refer to earlier accesses. RAT type can be GERAN/UTRAN/EUTRAN; Time refers to the time elapsed since UE left given RAT. Each time the context is transferred to a new MME/SGSN node, the history list is also transferred, and if the RAT has not changed, the Time value for the most recent RAT is increased by the amount of time spent in the last MME/SGSN. (Note that time is measured only when the UE is Attached (registered) in the network.) Each time the RAT type changes, a new element with the current RAT type is created in the top of the list, and the oldest element in the list is deleted, where the list is assumed to have a fixed length N. The recommended size of N is at least 4. 
The criteria for detecting toggling between accesses can be implementation specific; one example is as follows: there have been at least K RAT type changes in a fixed time interval of Tmax. 

When toggling between accesses is detected, the MME/SGSN may use the RAT/Frequency Selection Priority feature to down-prioritize one of the RATs into a lower priority layer. The updated RAT priority is sent to the RAN in connected mode, and sent further on to the UE as soon as the UE is released to idle mode. The original priority is restored after the a given amount of time has passed, and the condition for detection of toggling no longer applies. It is implementation specific how the MME or SGSN selects which RAT to down-prioritize, e.g. it may be based on static preferences configured by the operator.  The MME or SGSN may decide to change the RAT selection priority for idle mode only, or also for connected mode.  Changing it in idle mode only allows the operator to reduce the pingpong effect but at the same time allow good user experience in connected mode by using EUTRAN whenever possible; changing it in connected mode as well as in idle mode helps avoiding the pingpong effect both in connected and idle mode. 
3 Evaluation
The advantages of the proposed mechanism are summarized below. 

· Requires only simple additions to the existing RFSP mechanism, and avoids RAN and UE impact. Hence it can be expected to be readily available already at initial phases of EUTRAN deployment. 

· It is possible to apply it to both connected mode as well as idle mode, depending on operator choice. 

· Can easily co-exist with CS fallback without requiring additional complexity. 

· Depending on configuration and parameter settings, it avoids some of the potential performance drawbacks of ISR, such as the potential negative impacts of paging in multiple accesses, ISR synch, and need to perform periodic updates in multiple accesses (see Appendix A.3 for more details). 

· It does not only reduces the signaling as a result of toggling between accesses, but reduces the toggling itself. Note that toggling between RATs have negative consequences even if the signaling is reduced, such as increased power consumption in the terminal. 

The expected disadvantages of the proposed mechanism are summarized as follows.

· The proposed RFSP mechanism is new to release 8 and has not yet been deployed, so we do not yet have experiences in that area. 
· For a limited period of time for UEs doing excessive toggling, the operator needs to use different camping priorities than it would normally use for the rest of the terminals. 
4 Proposal

CR S2-083230 implements the proposals in 23.401; CR S2-083231 implements the proposal in 23.060. 

Appendix: Analysis of the current ISR solution

The current ISR solution is reviewed below from the point of view of complexity, deployment, and performance. 
A.1 Complexity Impact of ISR

The Idle State Signalling Reduction feature gives a solution for avoiding excessive idle state signalling during inter-RAT mobility, but it also incurs significant costs due to increased system complexity. Below is a short checklist of the main impacts of ISR on the different nodes. 

UE impacts

· Different idle state behaviour depending on whether the network supports ISR or not. 

· Maintain two simultaneous registrations with both a GUTI and a P-TMSI. 

· Managing whether there is any change in the context in one access and triggering ISR synch in the other access when needed. 

· Triggering update type "URA_PCH handling" in case of moving from URA_PCH to EUTRAN. 
· Two periodic update timers, running separately in the UE for updating SGSN and MME separately. 

MME and SGSN impacts

· Maintaining the identity of the other MME/SGSN

· Performing ISR synchronization to ensure the context is the same in SGSN and MME, using additional signaling in TAU/RAU to fetch context from the other node. 

· Functionality to avoid the deletion of the PDP context/EPS Bearers because of missing periodic updates.
· Extra MME and SGSN resources usage to maintain context in two nodes and run UE reachability timer in both places. 

SGW impacts

· Maintaining control connectivity to both SGSN and MME. 
· Initiating paging in both GERAN/UTRAN an EUTRAN; stopping paging as needed.  
HSS impacts

· Maintaining two registrations for a single UE. 
· Different handling depending on whether the SGSN is pre-release 8 or release 8. 
A.2 Deployment aspects

Because ISR impacts many nodes in the network, it is expected that networks initially deployed will not support ISR, since the first release of MME, SGSN, SGW and HSS release-8 nodes will probably include the basic features only without optimizations. This means that it will take some time before networks will start actually using ISR. 

ISR will also impact the UE, which will have to maintain two parallel registrations. This is expected to cause significant additional implementation work on the terminal side. Implementation is made even more difficult due to the absence of ISR enabled networks where the feature could be tested for the terminals. Therefore, it may happen that there will be terminals which do not properly support ISR. 
ISR deployments are problematic in case CS fallback is also deployed. Initial deployments of EUTRAN may include the CS fallback feature which allows a UE camping on an EUTRAN cell to receive a CS call, such that the MSC initiates paging towards the MME. Once paged, the UE handovers to GERAN/UTRAN and receives the CS call. However, if ISR is activated, the network has no knowledge whether the UE is currently camped on EUTRAN or GERAN/UTRAN. Hence, the CS fallback solution would need to be extended to either make the MSC aware of ISR, or define additional mechanisms within ISR to support CS fallback. Neither of these approaches are attractive, so it is possible that ISR will not be compatible with CS fallback, so the two features cannot be used simultaneously (unless the MME and SGSN are co-located).  

ISR is most needed in the initial phases of EUTRAN introduction when EUTRAN coverage is limited. That is because toggling between accesses happens near the coverage border, and in the initial EUTRAN deployment phases there will be a significantly higher amount of terminals near the coverage. As EUTRAN coverage becomes more widespread, the amount of UEs near the EUTRAN coverage border will decrease. 

This means that there is a high likelihood that ISR will not deployed in the initial phases when it is most needed, and it will be completed only in a later phase where its significance is smaller. 
A.3 Performance of ISR

From a performance point of view, while ISR avoids RAU/TAU signaling at inter-RAT mobility, a number of aspects need to be considered to evaluate the performance gains. The aspects listed below all limit the applicability and performance gain of ISR. 

· ISR is only applicable for UEs that are both EUTRAN and GERAN/UTRAN capable, and stay or move near the coverage border of EUTRAN. For UEs that stay under the coverage of GERAN/UTRAN only, or under good EUTRAN coverage, ISR is not applicable since the UE is not expected to change the access. It is therefore anticipated that ISR is applicable only for a subset of UEs. Furthermore, it is expected that the number of UEs near EUTRAN coverage area border will decrease over time as discussed above. 

· We still have the periodic TAU/RAU procedures in idle mode even with ISR. This means that we save TAU/RAU signaling only if the inter-RAT mobility comes before the expiry of the periodic TAU/RAU timers. If the expiry of periodic update timer happens before inter-RAT mobility, ISR does not save signally. Note also that UEs with ISR will have two periodic timers to update both RATs, meaning that UEs using ISR will need to perform twice as many periodic TAU/RAU signaling as UEs without ISR. 

· Whenever the bearer state changes in one access (e.g., setup or release of a bearer/PDP context), the UE needs to perform ISR synch in the other access. Also, any change in the security context needs to be followed by ISR synch. This follows that for a UE for which we have frequent changes to the UE context (e.g., using an IMS based VoIP solution with the media taking a separate bearer/PDP context), ISR will not save signaling.  

· ISR introduces simultaneous paging in both GERAN/UTRAN and EUTRAN. This implies that only half of the paging processes can be successful, and the other half of the paging processes will be unsuccessful. This happens each time there is a downlink packet in idle state. Note that  unnecessary paging procedures take away critical RAN resources, which should be avoided. Therefore, using ISR, the Routing/Tracking areas would need to be designed such that for example a single paging procedure causes paging in N/2 GERAN/UTRAN base stations and N/2 EUTRAN base stations, instead of paging in N GERAN/UTRAN base stations or N EUTRAN base stations. In this way it is possible to avoid the extra paging resource utilization with ISR. However, deploying the Routing/Tracking areas this way is dependent on ISR. In a network where there is a mix of ISR-capable and non-ISR capable UEs, MMEs, SGSNs and SGWs and HSSs it would be desirable to be able to design the Routing/Tracking areas independent of ISR. Otherwise there is a risk that the Routing/Tracking areas are sub-optimal, either for the ISR case or the non-ISR case. 
· From the point of view of MME and SGSN signaling load, the simultaneous paging from both MME and SGSN means that even if ISR can decrease the signaling load due to TAU/RAU, the signaling load due to paging will increase in total. Therefore, from an MME and SGSN signaling point of view, the savings due to ISR need to be compared against the increased signaling during paging. 

· Even though it is difficult to predict the percentage of UEs that will be in idle state, it is expected that this percentage will be decreasing in the future. This is partly because in EUTRAN an efficient connected mode operation with DRX handling is specified, which allows UEs to stay in connected state for a longer period of time and still achieve savings in the UE power consumption. Also in the UTRAN side, the usage of URA_PCH state helps avoiding going to idle mode in the SGSN. In addition, it is expected that terminals are going to handle more and more traffic, and there is an increasing usage of applications which run in the background and do not require user intervention, but still generate traffic. Hence the percentage of idle mode users is expected to decrease, reducing the gains of ISR. 

· Another performance advantage of ISR which has been mentioned is that it reduces the risk of missing a page in case paging coincides with the access change. It is noted that ISR cannot fully avoid this risk, because switching the UE receiver from one RAT to another and finding the broadcast information inevitably introduces an interruption time at the UE when paging might be lost. Additionally, even if the ISR solution is used, it is not activated until the first inter-RAT RAU/TAU is executed, when this risk is present. To have a paging which coincides with access change is expected to be a very low probability event, since an access change can be performed in ~1 sec or less, and the likelihood of receiving a downlink packet at the very same time is very low; hence we do not expect any significant reduction in the paging success rate due to IRAT mobility. Even if found necessary, note also that there are simpler solutions to address this rare even, e.g., to retransmit the paging in the new access in case the RAU/TAU coincides with paging; alternatively the UE can be automatically brought to connected mode at the end of RAU/TAU even without paging. 
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