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1. Introduction

CT1 has discussed for several meetings about solving a potential delay for the tracking area updating and service request procedures upon receipt of reject message with certain cause values. No consensus has been seen possible on how to progress this issue further since several companies raised the concern that mandating to keep the NAS signalling connection (RRC connection + S1-AP connection) results in problems and is not an acceptable way forward to handle the system.
This paper analyzes the consequences of maintaining the NAS signalling connection after rejecting the UE.
2. Discussion

CT1 sent a liaison statement (LS) to SA2 in S2-130743 / C1-130917 [1] to address the NAS signalling (S1) connection handling after rejecting a UE. This paper analyzes the current situation and tries to propose a way forward. Initially, one can think that mandating to maintain the S1 connection might be good since in principle it may result in reduction of signalling. However, this is actually not the case since significant drawbacks have to be considered and even handled by the network.

Analysis of the S1 connection handling in current specifications:
In current specification (From Rel-8), the MME releases the S1 connection when rejecting the UE before a new attach procedure is performed. Quote of the sub-clause 5.3.8.3 of TS 23.401 [2]:

12.
After receiving the Detach Accept message, Delete Session Response and, if appropriate, Detach Acknowledge message, the MME releases the S1-MME signalling connection for the UE by sending an S1 Release Command (Cause) message to the eNodeB. The details of this step are covered in the "S1 Release Procedure", as described in clause 5.3.5 by step 4 to step 6. If the Detach Type requests the UE to make a new attach, the UE reattaches after the RRC Connection Release is completed.

The MME releases the S1 connection even if a re-attach is expected. The eNodeB setups a new UE context as soon as it receives from the MME S1-AP Initial Context Setup message during the attach procedure.

When one checks other procedures, e.g., tracking area updating, service request, nowhere it is stated that the MME is prohibit releasing the S1 connection. Even the current specification mandates to release the S1 connection in particular cases when rejecting the UE. Quote of the sub-clause 5.3.3.1 and sub-clause 5.3.3.2 from TS 23.401:

In the case of a rejected tracking area update operation, due to regional subscription, roaming restrictions or access restrictions (see TS 23.221 [27] and TS 23.008 [28]) the new MME should not construct an MM context for the UE. In the case of receiving the subscriber data from HSS, the new MME may construct an MM context and store the subscriber data for the UE to optimize signalling between the MME and the HSS. A reject shall be returned to the UE with an appropriate cause and the S1 connection shall be released. Upon return to idle, the UE shall act according to TS 23.122 [10].
Technical reasons of SA2 decided to release the S1 connection:
The SA2 decision of releasing the S1 connection was made since the UE can move to another eNodeB prior to re-attach. If the S1 connection is not released, (i.e., the existing S1 connection with the old eNodeB is not released) then this can result in undesirable effects. A new RRC connection and S1 connection needs to be established in the new cell and the (old) existing one can only be released after performing check of authenticity of the UE. If this check fails, then the S1 connection hangs until processed specifically. Hence, maintaining connections required more error handling and the potential situation of hanging RRC and S1 connections when the UE moves to another eNodeB. Also, if user-plane radio bearers are established handover issues have to be handled by the network and this is rather complex and can result in problems (See S2-088048 [3]).

There are other important reasons of releasing the S1 connection when rejecting a UE. The intention to release the S1 signaling connection allows the eNodeB to perform selection of MME (new MME can be selected), when the UE performs (re-) attach procedure, based on the current load factor. And hence it is actually beneficial and even necessary in some cases to release the S1 signalling connection so that load balancing can be performed when the UE is rejected when re-attach is required.

One common misconception is that only one message is going to be sent if the S1 connection is maintained. However, when one looks to signalling logs it becomes clear that not only the ATTACH REQUEST message is sent on the RRC and S1 connections, but there are more messages involved and the re-attach takes long time (up to seconds). Authentication can well be required, and even if the attach procedure is accepted by the network, the network has to activate the default bearer and the network may also initiate the activation of dedicated bearers towards the UE. Compared to the significant signalling necessary to re-attach, to release the S1 connection does not lead to any significant traffic overload and results in benefits.

Issues with not releasing the S1 connection:
Issue 1: Load balancing would be implicitly prohibited when rejecting UEs with cause values which can lead to re-attach or modifications need to be required in the UE in order to be aware in which cases the RRC and S1 connections can be re-used and in which not.

Issue 2: When the UE is in ECM-CONNECTED mode, the current specifications do not describe how to release the radio resource in the eNodeB. Only if the user-plane radio bearers are released, then the maintained S1 connection may be resused. However this situation has not been defined yet.
Issue 3: There are cases when the UE is rejected and expected to re-attach but this does not happen. Note that stage 3 in TS 24.301 [4] states that upon reject with cause #9, #10 the UE is not always required to re-attach. If the S1 connection is maintained and later not used, then significant resources are kept and actually lost. How long the resources have to be kept? New error handling would need to be added in the MME to handle these cases.

Issue 4: There is a need to handle the case when the UE does not re-attach in time but moves to a new eNodeB, i.e., how the MME handles the handover?

3. Conclusion

Based on our analysis, in current specification the release of the S1 connection when rejecting a UE is mandated in a number of cases in stage 2 (e.g., detach followed by re-attach, tracking area updating and service request procedures rejected for roaming restriction, access restriction, regional restriction). Even if it may not be an optimized way in some very special case, it is however simple for all cases and most important avoids complexity handling to be introduced in the MME and the UE.

All companies jointly providing this paper believe that releasing the S1 connection upon rejecting a UE is best (by having the ATTACH REQUEST and all other subsequent messages sent via new RRC connection), and also aligned with the reasons SA2 mandated to release the S1 connection upon detach when a re-attach is required.
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