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1 Introduction
NB-IoT RAT is designed for small data transfer and the GERAN CIoT study considered such devices supporting at most two delivery mechanisms, SMS and PDN. SA2 has been discussing the system level implications for supporting simultaneous data transfer via DRB (aka UP mode) and via NAS (aka CP mode). This paper looks at the implications of simultaneous UP and CP mode operation for RAN2 specifications. This paper is based on the SA2 paper discussed during the joint RAN2/SA2 conference call on CIoT/NB-IoT [3].
Note simultaneous data transfer over CP and UP is only possible when both UE and networks supports both CP and UP modes.
2 Simultaneous support for CP and UP optimisation
Preconditions for all cases are: 

· UE indicates support for CP and UP optimisation in Preferred Network Behavior

· MME indicates support for CP and UP optimisation in Supported Network Behavior

· UE for MO data and MME for MT data can choose whether to use CP or UP optimisation based on local logic.
Note: No impact to RAN2 specifications if either UE or network only support one of the two optimisations (CP or UP).
2.1 Scenario 1: RRC_IDLE with no AS context and sends MO data
In this case the UE is RRC_IDLE with no AS context in eNB and decides to send MO data. Based on local logic UE decides to use CP optimisation or UP optimisation and establishes RRC connection as shown in Figure 1. 
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Figure 1: Choosing between CP or UP optimisation for MO data

As the procedure initiated by the UE and the corresponding messages are distinct in each case, there is no confusion on the UE request on the network side, and there is no additional logic or behavior needed to support both CP and UP optimisations for Scenario 1.
Observation 1: Scenario 1 MO data transfer from RRC idle has no additional impact to RRC specification.

2.2 Scenario 2: MT when UE in RRC_IDLE with no AS context
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In this case the UE is RRC_IDLE with no AS context in eNB and receives paging for MT data. UE will respond to paging with Service Request regardless of CP or UP mode. When the MME receives the Service Request if based on local policy the MME decides to use CP optimisation it will send the MT data using Downlink S1 message as shown in Figure 2. If on the other hand the MME local logic determines that it will be required to use UP optimisation or S1-U (i.e. legacy procedures) MME will send Initial UE Message to eNB to trigger the eNB to establish DRBs in the RAN. 
Figure 2: Choosing between CP or UP optimisation for MT data

Depending on what the UE receives after sending service request triggered by paging, the UE will know whether the paging was initiated for MT data delivery using CP optimisation (i.e. UE receives NAS PDU with data) or the paging was for MT data delivery over UP (i.e. AS security context establishment and RRC reconfiguration with DRB establishment). No additional logic or behavior is needed to support both CP and UP optimisations for Scenario 2.
Observation 2: Scenario 2: MT data transfer from RRC idle has no additional impact to RRC specification.

2.3 Scenario 3: MO data with UE in RRC_IDLE with suspended AS context

In this scenario the UE is in RRC_IDLE with suspended AS context in eNB and based on its local policy wants to send MO data over NAS (e.g. data to SCEF). 
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Figure 3: Using CP optimisation starting from RRC_IDLE with suspended AS context (MO scenario)

This procedure as far as AS is concerned is same as for case TAU or SMS hence it needs to be supported for NB-IoT anyway. Note in this case all data transfers use PDCP non-transparent mode as AS security context exists.
Observation 3: Scenario 3: MO data transfer from RRC suspended has no additional impact to RRC specification.
2.4 Scenario 4: MT data when UE in RRC_IDLE with suspended AS context
In this procedure the UE is in RRC_IDLE with suspended AS context and based on its local policy when the UE suspended RRC connection the MME decides to send MT data using CP optimisation e.g. it is data from SCEF and sends DL data using Downlink S1 message.

The NAS PDU will be transferred using DL Info Transfer RRC message from eNB to UE.
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Figure 4: Using CP optimisation starting from RRC_IDLE with suspended AS context (MT scenario)

Observation 4: Scenario 4: MT data transfer via NAS from RRC suspended has no additional impact to RRC specification.
2.5 Scenario 5: UE starts using CP optimisation and later on switches to UP
In this scenario the UE starts using CP optimisation and sends some data using SRB as NAS Data PDUs and at some point based on local policy it decides to switch to UP mode. To achieve this 3 options are possible: 

· OPTION 1: In RRC connected state with UE (and MME) supporting “data via MME”, the application’s data is routed via the MME. At any time the MME can establish S1-U (or force the release of the S1 connection). If S1-U is established, AS security context is used for both data via NAS and data over DRB.

· OPTION 2: UE NAS treats the “heavy data” PDN connection in the same way that the UE treats MO data received during a TAU procedure. UE waits for MO data via CP optimisation to finish (i.e. RRC release) and then send SR in new RRC connection.

· OPTION 3: In RRC connected state, UE sends ESR to the MME. MME establishes S1-U. AS security context is used for both bearers.

Option 1 has (significant) impact in the MME and is not deterministic from the UE perspective while Option 2 is also not deterministic and less optimal since the UE has to wait for the previous RRC connection to expire and in the meantime has to buffer UL data for the “other” PDN connection(s).  Option 3 seems to be feasible and this is depicted in Figure 5. For more details on these three options see [3].
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Figure 5: Switching from CP to setting up DRBs sending ESR

Observation 5: When the UE has established an RRC connection using CP optimisation and requires to setup DRBs, the UE will need to send a NAS message to MME to trigger the MME to setup DRBs. Potential candidates for such NAS message are Service Request and Extended service request (existing or modified).

RAN2 in “running CR” for TS 36.300 [2] agreed that when the NB-IoT UE uses CP optimisation it will use transparent mode PDCP. In this case though when the UE sends ESR and triggers the MME to setup DRBs, the MME will need to send Security Mode Command which will need to be integrity protected. This therefore requires PDCP to be used in order to protect this message. 
Proposal 1: How to switch between PDCP TM and “normal” PDCP it is going to be discussed in RAN2

3 Summary
This document evaluates the different scenarios for sending data via NAS or via DRB and shows that for most cases there is no impact on RAN2 specification except one case.

When RRC connection is established with transparent mode PDCP then switching to UP mode requires for eNB and UE to switch to non-transparent mode PDCP. This is the only additional impact on RAN2 specifications.
Proposal 1: RAN2 to consider how to switch from transparent mode to non-transparent mode.
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