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Introduction

At CT1#98, CT1 agreed the CRs #2431 r2 (C1-163126) and #2435 r3 (C1‑163127) which were both about the use of the broadcasted support indications of CIoT optimizations by the UE. At CT1#99 the text was further revised by CRs #2494 r1 (C1-163648) and #2527 (C1-163480). 

These CRs are implementing a certain interpretation of a stage 2 CR (CR 23.401-3015 r4; S2-162051) and of an LS sent by RAN2 (C1‑162924). According to this interpretation, the UE would need to adjust the CIoT EPS optimizations signalled as "Preferred Network Behaviour" in the Attach Request and TAU Request message to what the UE previously received as supported CIoT EPS optimizations in the system information broadcast. 

In our view, both the stage 2 CR and the LS are rather addressing the question which optimizations the UE is allowed to use, but not which optimizations the UE is allowed to indicate in the "Preferred Network Behaviour" (for more details see C1-164212, 'reason for change').
Apart from this lack of a stage 2 requirement, there is a technical argument why the UE should not filter the "Preferred Network Behaviour" according to the information received in the system information broadcast. This argument will be described in the present paper.
Stage 2 (TS 23.401)
According to stage 2, the Preferred Network Behaviour which is signalled by the UE on NAS level and, to some extent, also on RRC level can be used by the MME or the eNB, respectively, to route the Attach Request or TAU Request message to an MME that is able to support this preferred behaviour:
"4.3.5.10
Preferred and Supported Network Behaviour

A UE includes in a Preferred Network Behaviour indication the Network Behaviour the UE can support and what it would prefer to use.

…

In a network that supports Dedicated Core Networks (see clause 5.19), the Preferred Network Behaviour indication from the UE may be used to influence policy decisions that can cause rerouting of the Attach or TAU from an MME to another MME.

…

4.3.8.3
MME selection function

…

When selecting an MME for a UE that is using the NB-IoT RAT, and/or for a UE that signals support for CIoT EPS Optimisations in RRC signalling (As specified in TS 36.331 [37], for NB-IoT, UE indicates whether it supports "User Plane CIoT EPS Optimisation" and "EPS Attach without PDN Connectivity". And for WB-E-UTRAN, UE indicates whether it supports "Control Plane CIoT EPS Optimisation", "User Plane CIoT EPS Optimisation" and "EPS Attach without PDN Connectivity"), the eNodeB's MME selection algorithm shall select an MME taking into account the MME's support (or non-support) for the Release 13 NAS signalling protocol.

When DCN are deployed for the purpose of CIoT EPS optimisation, UE included CIoT EPS optimisation information in the RRC signalling, may depending on eNB configuration, be used to perform initial DCN selection."
Furthermore, according to stage 2, the supported set of CIoT optimizations negotiated during attach/TAU is valid per TAI list. This means, SA2 has foreseen the possibility that the supported CIoT optimizations in a tracking area 1 (with TAI 1) can be different from the ones in a tracking area 2 (with TAI 2), even if both are served by the same pool of MMEs.

In such a situation, if the eNB (or the MME) uses the CIoT optimizations requested by the UE for the routing of the S1AP Initial UE Message, and on the other hand the UE adapts the requested CIoT optimizations to what is broadcasted by the eNB as supported, then this unnecessarily limits the information available to the eNB (or the MME) for the selection of the "best suitable" MME.
Example 1

For this example we assume that there are 2 MMEs in the pool area: MME A supports CP and UP optimization. MME B does not support any CIoT optimization, but it could nevertheless support Rel-13 signalling protocols. Further we assume that the eNBs in TAI1 support CP optimization and UP optimization, whereas the eNBs in TAI 2 support CP optimization only. The UE supports UP optimization and legacy data transfer via S1-U. 
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Fig.1

So when the UE performs an attach procedure via TAI 2, and "filters" the "Preferred Network Behaviour" according to the information received in the system information broadcast, it will not indicate any support of CIoT optimizations to its RRC layer. Based on this absence of indications, when the eNB receives the RRC Connection Request, it will route the S1AP Initial UE message to MME B which does not support any CIoT features. This means the UE will register with MME B (see fig. 1).

Subsequently, when the UE moves to TAI 1 where both CP and UP optimizations are supported, the UE will indicate support of UP optimization both on RRC and NAS level. Now, in order to enable the UE to use CIoT optimizations, the eNB needs to route the Initial UE Message based on the requested CIoT optimization (UP optimization), not based on the GUMMEI. As a consequence, MME A needs to retrieve the subscriber context from MME B, although the UE is changing within an MME pool area (see fig. 2).
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Fig.2

If the eNBs are strictly following the principle of routing based on the requested CIoT optimization(s), then after a subsequent move back to TAI 2, it could even happen that with the next TAU the subscriber context is moved back to MME B (see fig. 3).
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Fig.3

Example 2

In contrast to this, if the UE is signalling its "unfiltered" Preferred Network Behaviour during the attach procedure, the eNB can use this information to route the Initial UE message immediately to MME A (see fig. 4).
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Fig.4

So when later the UE moves to TAI 1 where UP optimization is supported, the subscriber context does not need to be transferred between MMEs (see fig. 5).
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Fig.5

Note that also when the UE provides its "unfiltered" Preferred Network Behaviour, the operator still has a choice how to define the routing rules for the Initial UE Message. 
E.g.,  if for the case described above (eNB supports CP optimization only, UE supports UP optimization only, i.e. the set of "common supported CIoT optimizations" is empty), an operator prefers to let the UE register with the legacy MME B, he can do so by defining that for this case the Initial UE Message is routed to MME B.

The essential point is: If the UE is only signalling its "filtered" Preferred Network Behaviour, then other operators with such a network configuration do not have a choice. I.e. they are all forced to define the routing rules in the same way.

This is because, e.g., 
· for the case shown in fig. 1, the eNB will not know whether the UE is supporting CP optimizations (which are possibly supported by the E-UTRAN in a neighbour tracking area), 
· or for the case shown in fig. 3, the eNB will not know whether (in principle) the UE would still be interested in using CP optimizations or whether the UE is not requesting CIoT optimizations, because any applications on the UE interested in using such optimizations have been terminated.

Note also that a similar example to example 1 can be constructed, if the eNBs in TAI 2 support UP optimization only, and the UE supports only CP optimization and legacy data transfer via S1-U.

Example 3

The next example shows that also the preference between CP and UP optimization can be relevant for the routing decision. In fig. 6 the UE supports both CP and UP optimization, with a preference for CP optimization. MME B supports UP optimization. If the UE filters its Preferred Network Behaviour according to what is broadcasted in TAI 2, it will only indicate support of UP optimization and, according to the current requirements in TS 24.301, no preference between CP and UP optimization. So the eNB will route the Attach Request message to MME B supporting UP optimization only.

[image: image6.emf]TAI 1

Sys Info (CP opt, UP opt)

TAI 2

Sys Info (UP opt)

MME A

(CP opt, UP opt)

MME B 

(UP opt)

UE

(CP opt, 

UP opt)

1. RRC Conn Req 

(GUMMEI X, UP opt, 

[Attach Req (UP opt)])

2. S1AP Initial UE message 

[Attach Req (UP opt)])


Fig.6

Subsequently, when the UE moves to TAI 1, it will indicate support of CP and UP optimization, with a preference for CP optimization. So the new eNB should actually route the TAU Request to MME A. As a consequence, MME A needs to retrieve the subscriber context from MME B, although the UE is changing within an MME pool area.
Conclusion

In example 1 and 3 we have shown that 
· if the support of CIoT optimizations is not homogeneous throughout the network, which is a possible scenario foreseen by stage 2, 

· and the UE filters the "Preferred Network Behaviour" signalled during an attach or TAU procedure according to the information received in the system information broadcast, 

then the eNB does not receive all the information it needs for selecting the "optimal" MME. As a consequence, during a TAU it can become necessary to move the subscriber context from one MME to another one, although both MMEs are belonging to the same MME pool.

Note that different operators can have different ideas of what is the "best suitable" MME for a certain UE. But if the UE filters the "Preferred Network Behaviour" according to the system information broadcast, then they will all have to live with the same mapping.
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