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1
Introduction

In RAN3#90, there was an initial discussion on the S1AP impacts of CIoT. This paper further develops this analysis and proposes specific enhancements to the specification for the case of common procedures
2
Analysis of CIoT Impacts on S1AP Common Procedures
In the below the following basic assumptions are made:
· The RAN node (eNB) is not necessarily dedicated to CIoT optimisations, i.e. it may serve other traffic.

· CN control plane nodes connected to the eNB do not necessarily support CIoT optimisations.

Further, the discussion makes use of the currently endorsed CRs in SA2 [1-6], which are subject to change.
2.1
Discussion of Requirements for MME Selection
The main requirement for CIoT common procedures relates to providing support for selection of a suitable MME by the eNB. Considering the existing ATTACH procedure as documented in [5], it is stated that the eNB derives the MME address from the legacy RRC parameters, and the RAT (NB-IOT or LTE). In addition, the MME address may be derived based on “indications of support for CIoT optimisations”. It is expected that the use of CP vs UP optimizations will be determined based on NAS level exchanges between UE and MME.

From this, we can see some issues to be considered:

1. MME Support of CP vs UP optimizations: it is clear from the above that an MME is not necessarily expected to support both UP and CP optimizations. 

If we assume that, at a minimum, the eNB is aware of which MMEs support some form of CIoT optimisations, it may still happen that an MME is selected which does not match the UE’s support (UP and CP). For example, in the NB-IOT RAT, an MME that supports only UP optimisation will not be able to serve some of the UEs in general (i.e. those that do not support UP optimisation). In the LTE RAT, an MME that supports only one type of optimisation may not be able to serve some UEs (those that only support the other optimisation type).
This implies that either 

a. The system relies on use of DECOR, and the CIoT MMEs therefore need to be aware of the support of other MMEs (in which case the eNB only has to select a CIoT supporting MME), or

b. The eNB needs to be provided with the specific CIoT support by the MME during S1 Setup, Configuration Update, etc.

2. eNB Support of CP vs UP optimizations: it is also expected that CP and UP optimizations will have specific impacts on both S1AP and eNB behaviour, and an eNB may not necessarily support both modes.
Some of these aspects may be in the RAN2 domain, for example, it may be that a UE knows, based on SIB data, that a certain type of optimisation is supported by the eNB. If not, access attempts may fail or lead to legacy behaviour as a fall-back. Even if the UE is aware of “CIoT optimisations” support in a particular cell, it may still find a problem e.g. if it only supports one type which is absent. Further, without knowledge of eNB support, an MME might choose an optimization type which is not supported in the eNB.
2.2
Possible Scenarios

Taking the above into account, it seems that the UE-associated signalling described in [5] is not sufficient on its own. However there may be scenarios where it will work, as discussed below.
Scenario 1: homogeneous network support of one solution only: in this case all CIoT supporting MMEs and eNBs support either UP or CP optimisations (but not both) in one PLMN. Such a configuration removes all ambiguities for the eNB and MME, and the eNB only needs to select an MME that supports “CIoT optimisations”. However this leads to possible mismatch between UE and network; this may be avoidable to some extent, but would clearly cause problems in many cases, including roaming UEs, subscription transfer from another operator, 3rd party sourced equipment, etc.
Scenario 2: homogeneous network support of a common solution: this might be the case in NB-IOT deployments, where it would be expected that all UEs will support CP optimisation. As a result, the network elements might be deployed to support at least CP optimisation too. Note that although the system can always fall back to CP-opto, the MME cannot be sure that selection of UP optimisations is safe, since it may not know what the eNB supports. So even in this case, there is already a limitation. Configuration of the eNB capability in the MME might solve the problem, but could become cumbersome.
Scenario 3: homogeneous network support of both solutions: in this case, the MME can make a decision without constraints, based on UE support and its own preference.

It is clear that a general solution covering all sub-scenarios is not possible without additional information exchange.
2.3
Possible Solution

Based on the above, it seems useful to inform the MME of the support of the CIoT optimisations in the eNB. This allows the MME to make a decision on the optimisation type, when a choice needs to be made under some of the scenarios.
Conversely, it might also be useful to inform the eNB of the support of the CIoT optimisations in the MME. With this information, the eNB might be in a position to (i) advertise the supported optimisations via broadcast, and (ii) direct the initial message to the right MME, if it has the information of the UE’s support. However, since currently the MME is expected to handle the UE’s support and preference, it is assumed that the eNB’s function is to select a CIoT supporting MME, and allow MME to decide on this, including whether to trigger DÉCOR procedures.
A basic solution would therefore include the following elements:

· In S1 SETUP REQUEST, eNB declares support for CIOT CP Optimisation, or CIOT UP Optimisation, or both.

· This ensures that the MME has all the information from the UE and eNB when receiving an ATTACH request. This is useful even in NB-IOT since the MME may not know the eNB support of CIOT UP Optimisation assuming the UE expresses a preference for this, and the MME supports it.
· In S1 SETUP RESPONSE, MME declares either (i) unspecified support for CIoT optimisations” or (ii) support for CIOT CP Optimisation, or CIOT UP Optimisation, or both.

· In the first case, the eNB cannot be sure of the support of a given optimisation, and the MME may therefore need to trigger redirection to align UE/eNB/MME. In NB-IOT, if it could be assumed that eNB and MME always support CIOT CP Optimisation, then fall-back to CP would always be possible even if the UE expresses preference for UP.

· In the second case, such redirection is less likely but may still be needed in some cases as the eNB is not aware of the UE’s support or preference. Note that this case may not be very useful in NB-IOT since the eNB has no basis to decide on whether to pick an MME with/without support of CIOT UP optimisation.
· Note that this second case could be further modified by having RRC indications of UE support or preference, in which case the eNB would pick an MME according to eNB policy, but MME could still have the ultimate decision (in case both optimization are supported by UE/eNB/MME, or by triggering DÉCOR if needed). This option is not included in the current SA2 endorsed CRs.

· eNB considers that an optimisation is supported in its cells if at least one MME, plus the eNB itself, support it (this assumes that the MME declares the specific support, as in (ii) above)
· If this resulted in SIB indicators, then it would avoid the case of complete UE mismatch between UE support and either eNB or MME support. Note that such complete mis-match is unlikely in NB-IOT.
When processing an RRC Setup

· The eNB is aware of UE’s support for “CIOT Optimisations”

· In this case, the eNB selects an MME that also supports “CIOT Optimisations”, provided that there is at least one common CIOT optimisation type between itself and the MME (for NB-IOT, this should be the case, hence no need to establish this commonality)
· MME-UE mismatch may still occur in the general case (unlikely in NB-IOT). If so, the MME could trigger redirection using DECOR procedures. A possible enhancement would be for the MME to indicate the CIOT optimisation required by the UE, in the redirection message to the eNB, as opposed to a GUMMEI or MMEGI; this allows the eNB to select a supporting MME if available in a second step. 

3
Summary and Conclusions

This contribution has discussed the need for information exchange between the eNB and MME in order to aid the MME selection when a RRC Connection Setup indicates “support for CIoT Optimisations”. Depending on the exact scenario, there is in general a non-zero probability of mis-match due to the fact that network nodes may support none, either or both optimisations (and similarly for the UE, except in NB-IOT). This mis-match can result in setup failure, or the need for MME redirection, even when a given network has homogenous support of one optimisation.
Focussing on the NB-IOT scenario, UEs will support CP optimisations - and therefore it is expected that eNBs and MMEs should also at least support this too. Therefore:
Proposal 1: Agree that correct routing and optimisation selection in NB-IOT can be guaranteed if in S1 Setup (i) the eNB declares support of specific CP and/or UP optimisations, and (ii) the MME declares generic support of “CIOT Optimisations”.

For the general scenarios outside NB-IOT, there may be a requirement for the MME support declaration to be specific, and this is linked to possible SIB broadcasting of support for a specific optimisation. 
Proposal 2: Discuss need for more specific support declaration from the MME.
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