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Abstract of the contribution: The contribution proposes that TAU should not be performed by connected mode UEs in order to avoid unnecessary signalling, which is in line with RAN2 preferences. The contribution also proposes a way forward for the MME relocation which is a special case. 
Introduction

In connected mode, the MME is aware of the current eNodeB of the UE, therefore it is not necessary for the UE to perform the TAU procedure as in idle mode just for the purpose of making its location known in the MME. Even though in UTRAN an RNC change is followed by a RAU, this can not be automatically translated to EUTRAN as a requirement to perform TAU in connected mode because eNodeB changes in EUTRAN are more frequent by several orders of magnitude. Therefore, it is necessary to clarify under what conditions should the UE perform TAU in connected mode. SA2 has identified one scenario: the relocation of MME, after which TAU is necessary to perform in connected mode. However it was not concluded how this TAU is triggered; and if there are other motivations for TAU in connected mode. This question was discussed at SA1#61 in Ljubljana and LS S2-075870 was sent to RAN2, RAN3 and CT1. This contribution discusses the possible solution alternatives for the issue, taking into account the RAN2 LS response in R2-080600, and proposes a way forward. 
Discussion
Should the UE perform TAU in connected mode as in idle mode?

In LS S2-075870, SA2 has listed two possible approaches about whether or not TAU is performed in connected mode:
· "Approach 1 is that the UE is always informed about the current TA id in connected mode, and the UE performs a TAU whenever the current TA id is not included in the list of TAs that are registered with the network, similarly as in idle more. 

· Approach 2 is that the UE in connected mode is triggered to perform TAU only when required, such as in the case of MME relocation. "

In its response, RAN2 has indicated that both approaches are feasible, but RAN2 has also indicated " slight preference for Approach 2 listed in LS due to additional signaling load introduced by, in principle, unnecessary, updates of tracking areas for the cases where UE location is known by the eNB."
We agree with RAN2's preference and would like to highlight the following points:
· To make the UE always be aware of its current TA id in connected mode would require additional support in the RAN and/or the UE which is currently not required. This would either mean that the UE would be required to always read the broadcast channel for the TA id which increases UE complexity and also introduces a delay (as mentioned in (A) by RAN2). Alternatively, a new dedicated RRC message would need to be introduced after handover, which also increases RAN and UE complexity; and sending such a message after each handover would imply a large amount of unnecessary RRC signalling because the information contained in the new RRC message would be very seldom used. Hence from a RAN and UE point of view it is preferable to avoid Approach 1. 

· Approach 1 would increase the signalling load on MME, since it requires a TAU each time a UE moves out of its TA list in connected mode. In Approach 2 the TAU connected mode is not performed (except for the rare case of MME relocation), and TAU is done only when the UE moves to idle mode and finds itself out of its registered TA list. This means that the amount of TAU signalling is always less in Approach 2. Note that it is possible to configure EUTRAN parameters in many different ways; one possibility is that UEs are kept in connected mode for a relatively long period of time after inactivity, and DRX functionality is used to reduce the UE's power consumption. Additionally, there is an increasing usage of applications which run in the background and generate traffic without the user's intervention. These aspects could lead to a relatively high percentage of connected UEs and the possibility of a significant load of connected mode TAU signalling if Approach 1 is used. 
· Concerning restriction handling in EUTRAN, no significant difference has been identified between Approach 1 and 2. In both cases, there is a possibility to download the restriction list for the whole pool area into the eNodeB. Or, if it is preferred to optimize the size of the context in EUTRAN and download only a subset of the restrictions in the pool area, that can be done in both approaches. When the UE moves to a new eNodeB in connected mode, the restriction information can be updated in the target eNodeB when necessary as part of the handover procedure. In principle, the restriction handling is a network internal function which can be solved using the S1-AP procedures on the S1-MME point and there is no need to rely on UE signalling for restriction handling. 
Based on the considerations above, it is proposed to take the working assumption that TAU is triggered only in case of MME relocation in connected mode while in EUTRAN, as in Approach 2. 
The concept of 'Last visited TAI'
SA2 has described the concept of 'Last visited TAI' in LS S2-073901 to CT1. This parameter is included in order to optimize the contents of the TA list, so that a ping-pong effect between two TAs can be avoided. By including the Last visited TAI, the MME gets information about the mobility of the UE. This makes it possible for the MME to assign a TA list which includes TAs that the UE has recently visited, rather than TAs that have not been visited recently. Having such an optimized TA list helps minimizing the amount of TAU signalling by the UE. 

In LS response on TAU in connected mode C1-080392, CT1 has considered the usage of Last visited TAI. It was commented that if the UE is not made aware of the current TAI in connected mode the Last visited TAI parameter might not be set appropriately. However, we also note that in connected mode the MME has even more accurate information about the location of the UE, hence the location information conveyed by the Last visited TAI is already available. Hence it is possible to use the Last visited TAI only in idle mode, that is to mean the last visited TAI since the UE has moved to ECM-IDLE state. Consequently the Last visited TAI parameter can be used in idle mode even if the UE is not made aware of its TAI in connected mode.
In summary the concept of 'Last visited TAI' is a means to reduce the amount of TAU signalling. It is in harmony with the concept of avoiding TAU signalling in connected mode, which is another means to reduce the amount of TAU signalling. 
How to trigger TAU after MME relocation?
Below we review the possible solution alternatives on how to handle the rare case of MME relocation in connected mode and analyze their advantages and disadvantages. Besides MME relocation and inter-3GPP handover, no other use cases have been identified for TAU in connected mode. (For the inter-3GPP handover from GERAN/UTRAN to EUTRAN, the UE is obviously aware of the access change so the trigger for the TAU is clear.)
Solution 1: No TAU in connected mode; GUTI reallocation command after MME relocation

RAN2 has hinted that it is possible to actually avoid the use of TAU after MME relocation if the GUTI reallocation command is used to assign a new GUTI (including S-TMSI) and a TA list to the UE. This would be triggered from the new MME, once it is notified that the UE has arrived in the target eNodeB. 
Advantages:

· This approach avoids RAN impacts completely

Disadvantages:

· Besides the allocation of GUTI and TA list, the TAU procedure also has the function of updating the location at the HSS, and cancelling the location at the old MME. Consequently, this approach would mean that the MME relocation cannot be handled similarly as the IRAT handover procedures, and the HSS update would need to be added explicitly to this procedure, making the core network more complex. 

· It would take a certain amount of time before the GUTI reallocation command arrives to the UE after the completion of the handover. This means that the UE will be without a valid S-TMSI for the period of time between arriving in the new eNodeB and getting its new S-TMSI. The consequence of that is that in case the UE ever needs to send some control signalling in that period of time (detach, initiate new PDN connectivity, request modifying bearer state, etc), then its NAS message will not get routed to the correct MME and the UE will get an error response back. While the chances are low for a given UE, in a large UE population it is possible to get this error behaviour. Furthermore other conditions such as the possibility for losing coverage before receiving the GUTI reallocation command can further increase the chance of such an event. When this happens, it may be quite difficult to handle error. One possibility is that the UE may resend the NAS message, but that makes sense only if the UE is intelligent enough to get the new S-TMSI in the meantime and be able to retransmit the NAS message with the updated S-TMSI, but that requires interactions between multiple NAS procedures within the terminal which is complex to implement. Also, we cannot be sure that all NAS messages would be retransmitted in case of failure. 
Consequently, this approach (and in general, the possibility of a UE being without a valid GUTI for a period of time) carries with it a risk of error situations that are difficult to handle. The reason for the error cases is in principle that this solution uses a different procedure for updating the GUTI in the terminal and for relocation of the MME context and updating location at HSS. 
Solution 2: TAU only after MME relocation, triggered by one-bit indication in Handover command

In this approach, the Handover command includes a one-bit "TAU flag". When the UE successfully completes the handover as indicated in the Handover command, it performs a TAU when the "TAU flag" is set. In the typical case this flag would be unset, with the exception of MME relocation. It is regarded as a simple task to set this flag, since EUTRAN is aware of the MME relocation when the S1 based handover procedure is being executed. 

Note that it is expected to be sufficient to use a one-bit trigger for the TAU procedure without providing the value of the current TA id. This trigger would result in an unconditional TAU at the UE. The TAU procedure does not need the value of the current TA id to be supplied by the UE, because the UE location can be based on the identity of the current cell as supplied by the eNodeB. 
During MME relocation, the UE first completes the TAU procedure after handover before the UE initiates any other NAS signalling. This guarantees that any NAS signalling will use a valid GUTI. 

Advantages:

· Avoid the risk of error situations when the UE is without a valid GUTI

· TAU immediately after handover is aligned with IRAT procedures; core network simplified

Disadvantage:

· The one bit "TAU flag" needs to be generated in EUTRAN and interpreted by the UE; however this one-bit flag is expected to be quite simple to implement. 

Solution 3: TAU only after MME relocation, triggered by RRC command 

In this approach, a new RRC command is introduced which may be sent after the completion of the handover, and notifies the UE about the current TA id. When the UE discovers that it has moved out of the list of registered TAs, it performs a TAU. This RRC command can be sent conditionally to the UE, i.e., only after MME relocation, so that the TAU is only performed at MME relocation when in connected mode. 

Advantages:

· The UE behaviour in connected mode could be similar to that in idle mode

Disadvantages:

· Requires the introduction of a new RRC command to handle a rare case, increasing UE and eNodeB complexity. 

· Since the RRC message with the TA id is sent conditionally, there is an increased risk for errors. The UE may not know in advance if it will receive this RRC command after handover or not, causing an uncertainty in the UE about when the GUTI can be regarded as valid, leading to rare but possible error cases. 
Based on the analysis above, Solution 2 appears to be the most advantageous hence it is proposed to agree on that solution. 

Proposal

It is proposed to agree on the following principles.

· The UE in connected mode is triggered to perform TAU only when required, i.e., in the case of MME relocation (Approach 2). 

· To trigger a TAU in connected mode after MME relocation, the Handover command includes a one-bit "TAU flag". When the UE successfully completes the handover as indicated in the Handover command, it performs a TAU when the "TAU needed" flag is set. The "TAU needed" flag is set when the MME is relocated. 

A CR is provided in S2-081193 to implement the proposal above. 
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