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Discussion and decision
1 Introduction

RAN plenary informed in the LS [1] that RAN2 could discuss the applicability of S1 signalling enhancements for non-NB-IoT UEs, i.e., CIoT CP optimization (aka "data over NAS") and CIoT UP optimization (aka "AS context caching") which corresponded to solution 2 and 18 in SA2 TR 23.720. Our understanding is that both solutions could indeed be applicable also for non-NB-IoT UEs considering Rel-12 SDDTE MTCe and Rel-3 NB-IoT discussions. In addition, SA2 is already defining both solutions to also address this kind of UEs and RAN. This contribution review general RRC aspects related to both solutions considering the corresponding agreements taken in RAN2 NB-IoT session [2] and SA2, [3]-[9], to evaluate the required changes or implications for non-NB-IoT. 

2 Discussion

2.1 Usage of solution CIoT CP optimisation and CIoT UP optimisation (and legacy RRC connection establishment)
It would be helpful for RAN2 discussion to confirm the understanding of the following points considering the latest agreements made in SA2 on how CIoT optimizations are used [3]- [9]:
· A UE using CIoT optimizations can only be configured to use only one of the solutions: CIoT CP optimisation (i.e. "data over NAS") or CIoT UP optimisation (i.e. "AS context caching"). This configuration is done during attach by NAS layer, i.e. AS layer is transparent, UE indicates its supported/preferred solution but final decision is done by MME. During TAU, the MME might confirm the usage of same solution (if it is supported) or change (if it is not supported)
· A Rel-13 a UE using CIoT CP optimisation (i.e. "data over NAS") does not send data over UP using "AS context caching" solution or legacy RRC connection establishment.
· A Rel-13 a UE using CIoT UP optimisation (i.e. "AS context caching") does not send data over CP using "data over NAS" solution but it could send data using legacy RRC connection establishment.
Proposal 1. To confirm the following understanding on CIoT optimizations; for simplicity CIoT CP optimisation and CIoT UP optimisation are referred as “data over NAS" solution and "AS context caching" solution respectively (as agreed in RAN2 NB-IoT):

Proposal 1.1. Upon attach request, a UE capable of using CIoT optimizations may indicate its support for one or both CIoT solutions and, potentially, its preference.

Proposal 1.2. During attach, the MME decides if and which CIoT optimization solution can be used by the UE. The AS layer is transparent to this “negotiation” i.e. it is handled by NAS layer .
Proposal 1.3. Upon attach accept, a UE capable of using CIoT optimizations may be registered to use one of the CIoT optimization solutions, "data over NAS" or "AS context caching" but never both of them.

Proposal 1.4. A UE, registered to use one of the CIoT optimization solutions, cannot request the switching to use the other solution (unless it de-attaches).

Proposal 1.5. A Rel-13 UE using "data over NAS” does not send data over UP using "AS context caching" solution or legacy RRC connection establishment.

Proposal 1.6. A Rel-13 UE using "AS context caching" solution does not send data over CP using "data over NAS" solution but it could send data using legacy RRC connection establishment.

Proposal 1.7. Upon TAU request, a UE registered to use one of the CIoT optimization solutions indicates this to the MME, which could confirm the usage of the same solution (if it is supported by MME) or change (but only if it is not supported by the MME).
In addition, RAN2 should set common design goals due to the limit time available to enable the usage of these solutions for non-NB-IoT scenarios. Therefore we encourage companies to define a common RAN solution for both NB-IoT and non-NB-IoT designs when no major concerns are found. These two solution might be used for different kind of non-NB-IoT UE but understanding them both as optional features. Summarizing, for Rel-13 timeframe, RAN2 should aim to define CIoT CP solution optimization (i.e. "data over NAS") and CIoT UP solution optimization (i.e. "AS context caching") with maximum commonality for NB-IoT and non-NB-IoT design. 

Proposal 2. For non-NB-IoT UEs, "data over NAS" and "AS context caching" are both optional features. 
The general agreements on CIoT signalling optimization for small data transmission during previous RAN2 NB-IoT meeting [2] are the following:

The following assumptions are applicable for both CP Solution and UP Solution:

-
An RRC establishment cause is supported. The RRC connection establishment cause can be used for differentiated handling, e.g. of data and signalling, in AS. It is FFS if anything else is needed;

-
The following values of RRC establishment cause may be applicable for NB-IOT: mt-Access, mo-Signalling, mo-Data, mo-Exception-Data. If different cause values should be used for CP and UP solution is FFS;

-
"wait time" in the RRC connection reject message is supported;

-
The LTE RRC Connection Release procedure is supported. Other methods for RRC release is FFS.

-
If moving to RRC_IDLE following RLF, the cause value used in the procedure to enter RRC_IDLE is FFS.

-
The RRC connection setup message can include configuration for DRX in RRC_CONNECTED.
NB-IoT design is changing or simplifying a lot of the legacy functionality aiming to reduce UE cost/complexity considering the specific use cases target e.g. Annex A shows an exemplary list of some of the functionality not been supported. Therefore it is also important that RAN2 confirms that all the simplification or changes done for NB-IoT UE will not be considered for the discussion of enabling CIoT optimizations for non-NB-IoT UEs; instead we should focus on those aspects mainly related to actual CIoT CP and UP optimizations. 
Proposal 3. To enable CIoT CP and UP optimization solutions for non-NB-IoT UEs, RAN2 will only focus on the changes and simplifications agreed in NB-IoT WI that are related to those solutions. 
Proposal 4. Non-NB-IoT UEs, supporting any CIoT signaling optimization, would still support the expected functionality and associated features based on its UE category and capabilities (i.e. there is no need to go one by one having to indicate that are still supported). 
Considering the above proposal, we focus the discussion of next section on RRC establishment cause. The RRC connection reject, release and RLF same as legacy and Rel-13 LTE can be assumed. On other hand, it is confirmed that LTE also allows sharing connected DRX through RRC connection setup message when CIoT optimizations are used as one of the benefits for these both solutions is not having to exchange RRC Connection reconfiguration in each RRC idle to connect transition.
2.2 Attach/TAU mechanism
Section 2.1 explains that that the UE usage of CP or UP CIoT optimizations are only negotiated upon attach, or potentially TAU, in the NAS level. On this regard, SA2 has identified that eNB needs to differentiate whether the NAS Attach/TAU should be addressed to an MME that support CP or UP CIoT optimizations
· "A UE that supports the NB-IoT RAT shall always indicate support for Control Plane CIoT EPS optimisation".
· " In the RRC connection establishment signalling associated with the Attach Request, the UE indicates whether it supports CIoT EPS Optimisations (support for Control Plane and the User plane C-IoT-EPS optimisations is indicated separately)".
· "When selecting an MME for a UE that is using the NB-IoT RAT, or for a UE that supports CIoT EPS Optimisations and is accessing via WB-E-UTRAN, the eNodeB’s MME selection algorithm shall take into account the MME’s support (or non-support) for the Release 13 NAS signalling protocol and should take into account the MME’s support (or non-support) for specific CIoT EPS Optimisations that the UE is requesting".
The main motivation, for both NB-IoT and non-NB-IoT, is to reduce the CN signaling as most likely an MME would support one or other optimization but an eNB could be connected more than one MME. In addition, for the non-NB-IoT network, legacy MME would reject an attach request that does not contain ESM message; and therefore, the eNB needs to route such an Attach Request to an appropriate CIoT CN node e.g. an MME supporting CIoT optimizations or C-SGN. In addition, SA2 assumes that a UE could support both solutions as well as other behaviours based on the definition of "Preferred Network Behaviour" (which indicates the UE support and/or prefer: (a) Control Plane CIoT EPS optimization, (b) User Plane CIoT EPS optimization, (c) Control Plane CIoT EPS optimization is preferred or User Plane CIoT EPS optimization is preferred, (d) S1-u data transfer, (e) SMS without Combined Attach and (f) Attach without PDN Connectivity is supported). Therefore two different flags would need to be defined in msg.5 for the UE to indicate whether its NAS request could be sent to an MME supporting CIoT CP and/or UP optimization. 

On other hand, it would be helpful if the UE knows whether the network support either of the solutions before being rejecting upon msg.5 because CIoT optimizations are no supported; therefore we suggest to also define support flag indications within the system information e.g. SIB1. Table 1 shows an example of how this signaling would work.
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Figure 1. Network support indication for CIoT CP/UP optimization and UE for CIoT CP optimization
Proposal 5. To define a 2 new optional broadcast parameters to indicate the support of CIoT CP solution (i.e. data over NAS) and CIoT UP solution optimizations (AS context caching) by the network. E.g. a new CIoT-CP-Supported and CIoT-UP-Supported flags are defined as part of the cell access related information in SIB1.

Proposal 6. To define 2 new optional flags as part of msg.5 for attach or TAU to indicate the support of CIoT CP solution (i.e. data over NAS) and CIoT UP solution optimizations (AS context caching) for the eNB to select the appropriate MME. E.g. a new CIoT-CP-Supported vs CIoT-UP-Supported flags are defined as part RRC of RRC Connection Setup Complete.

2.3 RRC Establishment Cause
The following points were agreed for the RRC establishment cause in RAN2#92:

-
"An RRC establishment cause is supported. The RRC connection establishment cause can be used for differentiated handling, e.g. of data and signalling, in AS. It is FFS if anything else is needed;
-
The following values of RRC establishment cause may be applicable for NB-IOT: mt-Access, mo-Signalling, mo-Data, mo-Exception-Data. If different cause values should be used for CP and UP solution is FFS;"
On this regard, we also want to point out the following question on signaling differentiation from SA2 LS [8]:

· " SA2 recall earlier discussions during the development of TR 23.720 where some companies emphasised the importance of the eNB being able to differentiate between signalling and data sent using “solution 2”. Hence SA 2 assume that mobile originating data sent using the CIoT Control Plane Optimisation (c.f. “solution 2” in TR 23.720) uses the RRC Establishment Cause mo-Data. Is this correct?
The SA2 motivation or use case to differentiate data vs control sent over NAS is not very clear e.g. aims to provide prioritization (i) within the same UE vs (ii) within other UEs at initial access. For both cases, (ii) and (i), a UE requesting the establishment of an RRC connection for signaling access, e.g. TAU, would be differentiated through the MO-signaling establishment cause used in msg.3. 

Proposal 7. To confirm that RRC establishment cause set to MO-signaling is supported in NB-IoT to distinguish the access of UEs accessing needing to send signaling for attach and TAU.

SA2 also brought up the following question on differentiation between the different mechanisms in their LS [8]:
· SA 2 then wonder whether the above cause values are sufficient to enable the differentiation between mobile originating data sent using the CIoT Control Plane Optimisation (c.f. “solution 2” in TR 23.720), and, mobile originating data sent using the CIoT User Plane Optimisation (c.f. “solution 18”), and data sent using ‘ordinary’ RRC connection establishment. SA 2 also wonder about the impacts of this on the interactions between NAS and AS documented in annex D of TS 24.301."

From RAN2 side, it is good to clarify that RRC establishment cause provides information about the kind of reason why the UE is requesting the establishment of the RRC connection; however, it does not distinguish which mechanism will be used to send the actual data e.g. using SRB vs DRB, or CP vs UP CIoT optimisations. The main purpose of establishment cause is for the eNB to prioritise the traffic and differentiating between CP vs UP optimisation is not part of it. It should be between signalling, normal data and exception data.

Proposal 8. To confirm that RRC establishment causes are not used to differentiate between the usage of CP and UP CIoT optimizations (RAN2 uses this indication to provide the reason of why the RRC connection is been established but not about the mechanism or routing to be used).

Furthermore considering SA2's comment related to differentiating data sent over CIoT CP optimisation, CIoT UP optimisation and ‘ordinary’ RRC connection establishment i.e. using legacy DRBs (which would be applicable for a UE using CIoT UP optimization or a non-NB-IoT UE). For the CIoT UP optimisation, the eNB is clearly made aware of its use by receiving a different message 3 (e.g. RRC Connection Resume Request). For the CIoT CP optimisation, the primary reason for the eNB to need to be aware of its use is to enable SRB1 to be configured with a transparent PDCP layer. This is discussed in more detail in [9], including discussion of an approach where no explicit 'CP optimisation' indicator would need to be included in message 3.

We suggest to also discuss how legacy establishment causes could be used also by non-NB-IoT UEs to classify MTC/IoT MO data for normal or exception reporting indication; considering the following options, in Table 1:
Table 1. RRC establishment causes options for MTC/IoT MO data of normal or exception reporting
	RAN
	Option
	Normal data reporting
	Exception data reporting

	Non-NB-IoT
	a
	delayTolerantAccess 
	mo-Data

	
	b
	delayTolerantAccess 
	emergency

	
	c
	delayTolerantAccess 
	highPriority 

	
	d
	delayTolerantAccess 
	mo-VoiceCall 

	NB-IoT
	a
	delayTolerantAccess  [NOTE 1] 
	mo-Data

	
	b
	delayTolerantAccess [NOTE 1] [NOTE 2]
	emergency  [NOTE 1]

	
	c
	delayTolerantAccess  [NOTE 1] [NOTE 2]
	highPriority  [NOTE 1]

	
	d
	delayTolerantAccess  [NOTE 1] [NOTE 2]
	mo-VoiceCall  [NOTE 1]


NOTE 1: These legacy establishment cause values would not have the same implication in NB-IoT as in legacy e.g. delayTolerantAccess would not be mapped as low priority data by the NAS; further, mo-VoiceCall would not refer to voice calls as it is not supported in NB-IoT. 
NOTE 2: For NB-IoT RAN, all UEs should be able to handle longer access delays, therefore for NB-IoT options b), c) and d) mo-Data could also be considered

All the options shown in Table 1 could be feasible, however options a) and d) have potentially more commonality between the non-NB-IoT and NB-IoT on the usage of the RRC establishment cause to provide different access priorities to MO exception data reporting over normal data reporting. In addition, option a) would allow the UE to use the same establishment causes for non-NB-IoT and NB-IoT cases, understanding that eNB side might treat still the request differently in NB-IoT and non-NB-IoT networks, as per NOTE 1. For option a) of non-NB-IoT case, since MTC/IoT MO normal data reporting is associated to delayTolerantAccess, the network would treat it with lower priority than the non-MTC/non-IoT MO data or MTC/IoT MO exception data reporting. On other hand, option a) would not allow to distinguish between non-MTC/non-IoT MO data and MTC/IoT MO exception data reporting.  If this is identified as a concern, we would suggest considering option d) which uses a new Rel-13 establishment cause, mo-VoiceCall, to provide different priority to MTC/IoT MO exception data from MO normal data; however it would be treated with the same priority as mo-VoiceCall by the network. Our understanding is that it would be very easy to extend the scope definition of this new field been defined for Rel-13 timeframe, however this approach might depend on operators preference.
Proposal 9. The UE uses two of the legacy RRC establishment causes in order to provide different access priority to MO normal and exception data reporting.

Proposal 10. To discuss and agree for the UE to also use RRC establishment cause of option a) "delayTolerantAccess and mo-Data" or option d) "delayTolerantAccess and mo-VoiceCall" when accessing for MTC/IoT MO normal and exception data reporting respectively.
3 Conclusion

This contribution proposes the following:
Proposal 1.
To confirm the following understanding on CIoT optimizations; for simplicity CIoT CP optimisation and CIoT UP optimisation are referred as “data over NAS" solution and "AS context caching" solution respectively (as agreed in RAN2 NB-IoT):
Proposal 1.1.
Upon attach request, a UE capable of using CIoT optimizations may indicate its support for one or both CIoT solutions and, potentially, its preference.
Proposal 1.2.
During attach, the MME decides if and which CIoT optimization solution can be used by the UE. The AS layer is transparent to this “negotiation” i.e. it is handled by NAS layer .
Proposal 1.3.
Upon attach accept, a UE capable of using CIoT optimizations may be registered to use one of the CIoT optimization solutions, "data over NAS" or "AS context caching" but never both of them.
Proposal 1.4.
A UE, registered to use one of the CIoT optimization solutions, cannot request the switching to use the other solution (unless it de-attaches).
Proposal 1.5.
A Rel-13 UE using "data over NAS” does not send data over UP using "AS context caching" solution or legacy RRC connection establishment.
Proposal 1.6.
A Rel-13 UE using "AS context caching" solution does not send data over CP using "data over NAS" solution but it could send data using legacy RRC connection establishment.
Proposal 1.7.
Upon TAU request, a UE registered to use one of the CIoT optimization solutions indicates this to the MME, which could confirm the usage of the same solution (if it is supported by MME) or change (but only if it is not supported by the MME).
Proposal 2.
For non-NB-IoT UEs, "data over NAS" and "AS context caching" are both optional features.
Proposal 3.
To enable CIoT CP and UP optimization solutions for non-NB-IoT UEs, RAN2 will only focus on the changes and simplifications agreed in NB-IoT WI that are related to those solutions.
Proposal 4.
Non-NB-IoT UEs, supporting any CIoT signaling optimization, would still support the expected functionality and associated features based on its UE category and capabilities (i.e. there is no need to go one by one having to indicate that are still supported).
Proposal 5.
To define a 2 new optional broadcast parameters to indicate the support of CIoT CP solution (i.e. data over NAS) and CIoT UP solution optimizations (AS context caching) by the network. E.g. a new CIoT-CP-Supported and CIoT-UP-Supported flags are defined as part of the cell access related information in SIB1.
Proposal 6.
To define 2 new optional flags as part of msg.5 for attach or TAU to indicate the support of CIoT CP solution (i.e. data over NAS) and CIoT UP solution optimizations (AS context caching) for the eNB to select the appropriate MME. E.g. a new CIoT-CP-Supported vs CIoT-UP-Supported flags are defined as part RRC of RRC Connection Setup Complete.
Proposal 7.
To confirm that RRC establishment cause set to MO-signaling is supported in NB-IoT to distinguish the access of UEs accessing needing to send signaling for attach and TAU.
Proposal 8.
To confirm that RRC establishment causes are not used to differentiate between the usage of CP and UP CIoT optimizations (RAN2 uses this indication to provide the reason of why the RRC connection is been established but not about the mechanism or routing to be used).
Proposal 9.
The UE uses two of the legacy RRC establishment causes in order to provide different access priority to MO normal and exception data reporting.
Proposal 10.
To discuss and agree for the UE to also use RRC establishment cause of option a) "delayTolerantAccess and mo-Data" or option d) "delayTolerantAccess and mo-VoiceCall" when accessing for MTC/IoT MO normal and exception data reporting respectively.
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5 Annex A

Exemplary list of legacy features or funacitonality that is been removed for NB-IoT design [2]:

The following functions are assumed not supported by NB-IoT:

-
Inter-RAT cell reselection or inter-RAT mobility in connected mode (Note that in this respect NB-IoT is a separate RAT from LTE);

-
Public warning functions like CMAS, ETWS and PWS;

-
Handover and measurement reporting (measurement reporting can be discussed further based on contributions); 

-
GBR (QoS);

-
CSG;

-
Relaying;

-
Dual connectivity;

-
MBMS;

-    Real time services;

-
In-device coexistence;

-
RAN assisted WLAN interworking;

-
Prose (including direct communication and direct discovery);

-
Minimization of Drive Tests (MDT);

-    Limited service state and emergency call are not supported;

-
CS services and CS fallback;

-
SSAC and ACB-skip.
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