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1
Introduction

In RAN3#90, there was an initial discussion on the S1AP impacts of solution 2 (Data over NAS, or DoNAS, also referred to as “Control Plane CIoT EPS Optimisation”) as defined in [4]. This paper further develops this analysis and proposes specific enhancements to the specification.
2
Analysis of DoNAS Impacts on UE-Associated Procedures
In the below the following basic assumptions are made:
· The RAN node (eNB) is not necessarily dedicated to DoNAS, i.e. it may serve other traffic.

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

Further, the discussion makes use of the currently endorsed CRs in SA2 [1-6], which are subject to change.
2.1
Attach Procedure
The complete flow for the Attach procedure is documented in [5]. We consider a simplified version of this flow as shown in Fig.1, by focussing on the case where the MME chooses to use DoNAS after receiving the ATTACH REQUEST [5], and ignoring the steps that are not required thereafter.
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Figure 1: Attach flow for DoNAS (CP CIoT EPS Optimisation) 
Steps 1-3: UE establishes RRC connection and sends NAS: Attach Request including Preferred Network Behaviour. In RRC, the UE may indicate that it supports CIoT EPS Optimisations. The eNB selects the MME taking into account RRC parameters received (old GUMMEI, the indicated Selected Network and the RAT, and RRC indications of support for CIoT Optimisations), and sends the Initial UE Message including also RAT type.

Steps 4-6: Authentication procedures and initiation of NAS security functions as per legacy. From S1AP perspective, this involves several UL and DL NAS TRANSFER messages.
Steps 7-11: Location update and possible deletion of CN bearer contexts as per legacy.

Steps 12-16: Session creation in SGW and PGW very similar to legacy, except that the User Plane SGW addresses will be used by the MME to forward UL data (i.e. the MME will not provide this data to the eNB).
Steps 17-18, 21-22: MME sends ATTACH Response via S1AP: DL NAS TRANSFER and RRC Direct Transfer, UE responds with ATTACH COMPLETE. 
Following this, the context could be released, or possibly user data could be sent if required through additional NAS transactions, including DL data following Modify Bearer Request procedures.
The following observations can be made:
(a) The first downlink message will be the DOWLINK NAS TRANSPORT (this in itself has no S1AP impact since it has always been possible to use this message when completing the establishment of a UE-associated S1AP connection, see section 8.6.2.2. of [7]).
(b) There is no need to initiate a Context Setup procedure, with the result that the eNB will have what we might call a “mini-context” for the UE throughout the flow (and release is applied to this mini-context if no data is to be sent). Again this is not new and may happen in the case of a TAU.
(c) The INITIAL UE MESSAGE could include a new IE to indicate that the message is sent as part of a flow related to CIOT optimisations; this allows the MME to reject the message at S1AP level if the eNB has made an incorrect selection (e.g. if criticality is set to “reject”).

(d) At the end of the ATTACH procedure itself, the MME needs to decide whether to initiate context release in the eNB, or allow for data transactions. Release could be triggered by timer expiry. The release process and its triggers should be similar to Service Request, discussed in the next section.

2.2
Service Request

The flow for the MO Service Request is shown in Fig 2 [4]. It should be noted that the DoNAS flow for this case is clearly different from legacy as there is in fact no actual Service Request and associated RAN context setup. Specific aspects related to S1AP include the following, quoted directly from [4]:

(a) the UE establishes a RRC connection and sends as part of it Uplink Data encrypted and integrity protected in a NAS message. 

(b) the UE can also indicate a Release Assistance Information in the NAS message about whether Downlink data transmission (e.g. Acknowledgements or responses to UL data), subsequent to the Uplink Data transmission, is expected or not. The UE may also indicate whether the S1 connection has to be released when DL data is received.

(c) while the RRC connection is active, the UE can still send UL data in NAS messages that are carried in a S1AP Uplink message (not shown in the figure). At any time the UE may provide a Release Assistance Information with UL data.
(d) If the Release Assistance Information was received with UL data and it indicated a request to release the RRC connection upon DL data reception, the MME also includes in the S1-AP message an indication that the eNodeB shall release the RRC connection after successfully sending data to the UE.
(e) The eNB sends a RRC DL data including the DL data encapsulated in NAS PDU. This may include a request to immediately release the RRC connection if in step 11 the S1-AP message included in the Release Assistance Information a request to tear down the RRC connection if DL data is received.
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Figure 2: Service Request flow

Based on the above, we can make the following observations:
(a) As for the Attach procedure, there is no need to initiate a Context Setup procedure, with the result that the eNB will also have a “mini-context” for the UE throughout the flow.
(b) As a result, if there is no downlink data, the first downlink message could be the UE CONTEXT RELEASE COMAND. So far it is possible that that this message is received by the eNB before context setup (see e.g. the note in clause 19.2.2.3 of TS 36.300),  but it would typically be caused by a failure (e.g. need to clean a hanging context, if the context setup failed due to e.g. RF loss after the initial RRC establishment). However receiving this message as the first downlink message may be considered abnormal behaviour.
(c) Alternatively, the first downlink message may be a DOWLINK NAS TRANSPORT, similarly to Attach.
(d) The above text does not rule out the possibility of having further uplink messages after the INITIAL UE MESSAGE. However it is not currently possible to do this without receiving a downlink message. It should be clarified whether such a scenario is possible; if so, some specifications impacts may be foreseen, e.g. to allow the UPLINK NAS MESSAGE to be sent without having a fully established UE-associated S1AP connection.
(e) For aiding fast release, at least the DOWLINK NAS TRANSPORT could have a new optional flag as indicated above (NB: this may also be useful in Attach)
(f) It is not clear if, after receiving a DOWNLINK NAS TRANSPORT with RRC release indication, further S1AP messages are needed (e.g. context release procedure), or whether the nodes can perform implicit release.

(g) Release may also be triggered based on timers, and for this it is assumed that the existing release procedures can work without changes. This might happen for example after a first uplink message, if the MME has received no indication from the UE regarding DL use. After a time of inactivity, either the eNB or the MME can trigger the normal release procedures.
2.3
Impacts on Individual Messages / Procedures

From the discussion on the two flows above, the possible impacts on existing messages are as follows:

1) INITIAL UE MESSAGE:

This already carries the RRC establishment cause, and depending on RAN2, it is possible that this cause will give the eNB the information that the establishment is for DoNAS (eNB may for example use different timer values in this case).
The NAS message will carry Release Assistance Information, and for that reason, there does not seem to be a need to have similar information at S1AP level (i.e. eNB can rely on MME to take appropriate actions depending on DL activity). 
The indication of support for CIoT Optimisations is provided to the eNB via RRC. Since the eNB will use this information for MME selection, there does not seem to be a need to signal this over S1AP (except possibly to allow rejection at S1AP level by the MME in case of error).
Observation 1: Based on current information, there does not seem to be a clear requirement for changes to the INITIAL UE MESSAGE.
2) DOWNLINK NAS TRANSPORT:

This message may be used to establish the UE-associated S1AP connection. We do not believe that this is a new use, and hence no new functionality needs to be defined. Note also that TS 36.413 states that “The UE-associated logical S1-connection may exist before the S1 UE context is setup in eNB”, which is exactly the case when this message is received by the eNB.
Proposal 1: Agree that no changes are needed to support the use of DOWNLINK NAS TRANSPORT to establish the UE-associated logical S1 connection.
In addition, the Stage 2 endorsed CR [4] suggests that this message could optionally carry a flag to indicate that RRC release is to be executed following the delivery of the NAS message. 

Observation 2: In order to implement the functionality for release in [4], a new IE (flag) would need to be added to the DOWNLINK NAS TRANSPORT message to indicate that RRC release shall be executed after delivering the NAS message. However, it is not clear whether a Context Release procedure is still required, i.e. what are the actions of the eNB/MME on sending/receiving this indicator.
Proposal 2: RAN3 should clarify whether a Context Release procedure is expected following a DOWNLINK NAS TRANSPORT with release indicator.
3) UPLINK NAS TRANSPORT:

If needed, the UPLINK NAS TRANSPORT is used to deliver subsequent uplink NAS messages. If it is assumed that a downlink message is received after the first uplink NAS, then there are no impacts at all.
However if there is a possibility that multiple NAS messages could be sent without any downlink transmission, then we need to be consider the fact that this message currently assumes that the UE-associated logical S1-connection has been established (and specifically, that it must always include an MME UE S1AP ID IE). Possible solutions include:
· A flag to indicate that the UE-associated logical S1-connection is not established (i.e. the MME UE S1AP ID IE is not to be taken into account). In this case either the NAS message includes the S-TMSI (which could be used instead of the flag, i.e. if present, use this and disregard the MME UE S1AP ID, or the MME uses the eNB UE S1AP ID IE as the local identifier.

· Use instead the INITIAL UE MESSAGE (which would probably also need a flag to avoid confusion in the MME, and potential rejection due to ID conflict) 

Observation 3: If there is a need to support multiple uplink messages without a downlink message then this could be done by adapting either the UPLINK NAS TRANSPORT or the INITIAL UE MESSAGE. 
Proposal 3: RAN3 should clarify whether there is a requirement for multiple uplink messages to be sent prior to the first downlink message.
4) RELEASE PROCEDURES:

Release could be considered to be unchanged, except that the UE CONTEXT RELEASE COMMAND could be the first downlink message, which would not be normal behaviour today. This may require some changes, for example, in order to avoid backward compatibility concerns, and the possibility to be mistaken for an error, a new IE could be added to the message indicating “CIOT Optimisations”, which the eNB could interpret as indicating that release is to proceed as usual even though the UE-associated S1AP connection had not been previously established.
In fact, an implicit way to do this would be to allow the MME to include only the eNB UE S1AP ID IE, which appears to be possible via an extension of the existing choice.

Observation 4: The UE CONTEXT RELEASE COMMAND could be the first downlink message if there is no DL data traffic.
2.3.1
Further Optimization of Context Release
In both stage 2 flows above, there are common variants where the MME sends a NAS message via DOWNLINK NAS TRANSFER knowing that it is the last message before the context is to be released. This is certainly the case in the Service Request flow if the MME has received Release Assistance Information from the UE indicating that the connection is to be released after DL data transmission. It could also be the case in Attach if the MME is aware that the UE has no data to send.
To cover these cases, SA2 has already included the option of including a release indicator in the DOWNLINK NAS TRANSPORT message, as discussed above. This results in release of the RRC connection, minimizing the UE’s activity (and possibly leaving the S1 clean-up to a follow-up release procedure). 
If the Release procedure is still to be used (at least to clear the S1AP connection in an acknowledged manner), this  creates the possibility of a race condition between the actions on receiving the S1AP release command, and the previous release action (which would be unacknowledged over S1). 

There is an alternative which may be cleaner in terms of eNB and MME behaviour. This consists of adding a NAS container to the UE CONTEXT RELEASE COMMAND itself, so that the MME would send this message instead of the DOWNLINK NAS TRANSPORT. The eNB’s behaviour is then quite well defined from S1AP perspective: it delivers the NAS message, and subsequently performs the context release action, without needing to account for interactions with other messages. 

This may also reduce the number of S1AP messages for simple transactions (if Context Release is still to be used). For example, in the flow of Figure 2 with simple request/response (i.e. one uplink and one downlink message), the number of S1AP messages would be halved (two vs four).
Proposal 4: Discuss how best to handle the functionality of joint last DL PDU delivery and RRC release.
2.3.2
Further Optimization of S1 Context and ID handling

A common issue observed with both UPLINK NAS TRANSPORT and UE CONTEXT RELEASE COMMAND messages in the Service Request flow is that the UE-associated logical S1 connection may not be setup when these messages are expected to be sent. This impacts the protocol in one case, and node behaviour in both cases.
A further related issue is the fact that the INITIAL UE MESSAGE supports functionality which is not required for the SR flow in DoNAS.

It is also possible that the UE has no data to send, i.e. when the UE is responding to a paging message. In this case, use of the INITIAL UE MESSAGE would have to be modified anyway (e.g. placement of a dummy NAS PDU or some new NAS message, e.g. “responding to page”) could be defined at NAS level, but would result in redundant data transmission of data across both Uu and S1 (at least based on the description in [4]).
A possible enhancement that addresses these issues simultaneously is to define a new class 1 procedure initiated by the eNB on receiving an RRC Connection Request associated with data (MO/MT), and CP optimisation. Such a class 1 procedure would either not carry a NAS PDU, or have a NAS PDU as an optional IE. The resulting flow is shown in Fig.3.
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Figure 3: Service Request flow with new S1 Connection Establishment procedure
The following should be highlighted:

1. After completion of the RRC Connection Establishment, the eNB initiates a S1 Connection Establishment procedure towards the registered MME based on the establishment cause, the indication of CP optimization and the presence of the S-TMSI.    

2. As part of this procedure, the MME and SGW exchange addresses and TEIDs for UL and DL. At the end of the procedure (step 7), the S1 connection is fully established, and UL/DL NAS Transport messages can be sent over S1 without constraints.
3. DL data can be received by the MME before step 7, in which case the MME would buffer and start transmitting after completion of step 7. 
4. UL data can be received by the eNB before step 7 (on or after completion of step 1), in which case the eNB buffers any NAS PDUs until step 7 is completed. In particular, this happens if the RRC Connection Setup Complete message includes a NAS PDU (details on whether this must always happen – as today - are dependent on RAN2 decisions). Alternatively the message in step 2 could include a NAS PDU, in which case at least the first uplink PDU can be sent in step 2, and further uplink PDUs are buffered until completion of step 7.
5. S1 Release can be triggered at any time after step 7, and follows existing S1 procedures without any impact (i.e., eNB can request release, MME can independently command release). The optimization of adding a release indication to DL NAS TRANSPORT is also possible in this case.
In terms of S1AP standardization impact, changes in existing procedures would now be null or minimal, in exchange for the definition of a new and quite simple procedure.

In terms of UE impact, the number of required RRC messages remains exactly the same as before.

The overall flow does require one more S1AP message. Latency for the initial MO data delivery increases very slightly if the S1 Connection Request message does not include a NAS PDU (corresponding to the delay associated with the S1AP message in step 7, and the required UL NAS TRANSPORT after that). Latency for the initial MT data delivery may also increase, but only minimally since the first DL NAS TRANSPORT should be queued behind the S1 CONNECTION RESPONSE after the completion of the bearer modification in the CN. 
Proposal 5: Discuss the possibility of using a class 1 procedure to initiate DoNAS data transactions.
3
Conclusions

This document has reviewed the Attach and Service Request flows for DoNAS. The below summarises the observations made:
Observation 1: Based on current information, there does not seem to be a clear requirement for changes to the INITIAL UE MESSAGE.

Observation 2: In order to implement the functionality for release in [4], a new IE (flag) would need to be added to the DOWNLINK NAS TRANSPORT message to indicate that RRC release shall be executed after delivering the NAS message. However, it is not clear whether a Context Release procedure is still required, i.e. what are the actions of the eNB/MME on sending/receiving this indicator.
Observation 3: If there is a need to support multiple uplink messages without a downlink message then this could be done by adapting either the UPLINK NAS TRANSPORT or the INITIAL UE MESSAGE.
Observation 4: The UE CONTEXT RELEASE COMMAND could be the first downlink message if there is no DL data traffic.

Following from these observations, some proposals are made below:
Proposal 1: Agree that no changes are needed to support the use of DOWNLINK NAS TRANSPORT to establish the UE-associated logical S1 connection.

Proposal 2: RAN3 should clarify whether a Context Release procedure is expected following a DOWNLINK NAS TRANSPORT with release indicator.
Proposal 3: RAN3 should clarify whether there is a requirement for multiple uplink messages to be sent prior to the first downlink message.

Finally, some possible enhancements have been considered which partly depend on some of aspects above, leading to the following discussion topics: 

Proposal 4: Discuss how best to handle the functionality of joint last DL PDU delivery and RRC release.
Proposal 5: Discuss the possibility of using a class 1 procedure to initiate DoNAS data transactions.
It is obvious that most of these topics are linked to RAN2/SA2 progress, although LS(s) may be needed to help clarify some of the issues discussed here.
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