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Abstract of the contribution: Discusses issues arising from simultaneous support of CP and UP optimisation in the same UE.
1. Introduction
In SA2#113AH it was discussed in the context of incoming LS from RAN2 S2-161097 [1] and the corresponding response in S2-161352 [2], whether CP and UP optimisation can be supported simultaneously and at which “granularity” e.g. for all sessions in the same network attachment controlled by Supported Network Behaviour, for each PDN connection, for the same RRC connection.

In clause 2, we investigate what are the procedures and identify issues if we assume that CP and UP optimisations can be supported simultaneously. Whereas in clause 3 we investigate what are the impacts if we prohibit it.

2. Simultaneous support for CP and UP optimisation

Preconditions for all cases are: 

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

· MME indicates support for CP and UP optimisation in Supported Network Behaviour
· UE for MO data and MME for MT data can choose whether to use CP or UP optimisation based on local logic.
NOTE: None of these procedures described below will apply when the UE or network support only CP or only UP optimisation
Scenario 1: UE starting from 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. If based on local logic e.g. internal UE interface, API, etc, the UE decides to use CP optimisation it will establish the RRC connection and use CP optimisation using the procedures defined in TS 23.401 clause 5.3.4B.2. See box A in Figure 1.
If on the other hand the UEs local logic e.g. internal UE interface, API, etc  determines that it will be required to use UP optimisation or S1-U (i.e. legacy procedures) the UE will need to send SR or ESR to trigger the MME to establish DRBs in the RAN. See box B in Figure 1.
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Figure 1: Choosing between CP or UP optimisation for MO data
As the procedure intiated 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 behaviour needed to support both CP and UP optimizations for Scenario 1.

Scenario 2: UE starting from RRC_IDLE with no AS context and receives MT data
In this case the UE is RRC_IDLE with no AS context in eNB and receives paging for MT data. In any case the UE will respond to paging with Service Request. 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 TS 23.401 clause 5.3.4B.3. See box A in Figure 2.
If on the other hand the MMEs local logic e.g. based on the QCI, ARP in DDN or data volume if buffering is performed in MME, 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. See box B in Figure 2.
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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 fot MT data delivery using CP optimization (i.e. UE receives NAS PDU with data) or the paging was for MT data delivery over UP (i.e. RRC reconfiguration with DRB establishment). No additional logic or behaviour is needed to support both CP and UP optimizations for Scenario 2.

Scenario 3: UE starting from RRC_IDLE with suspended AS context and wants to send MO data using CP optimisation
In this scenario the UE is in RRC_IDLE with suspended AS context in RAN and based on its local policy wants to send MO data using CP optimisation e.g. data to SCEF. In SA2#113AH after discussion on S2-160979 [3] it was agreed to capture the following text in the new clause for UP optimisation in TS 23.401 v.13.6.1, clause 4.11: 

“At any subsequent transaction trigger from the NAS layer when UE is in ECM-IDLE, the UE shall attempt the Connection Resume procedure, see sub-clause 5.3.5A and TS 24.301 [46].”
So based on this the NAS trigger to send MO data using CP optimisation will be considered a “subsequent  transaction from the NAS layer” for the AS and therefore the UE will perform resume procedure. Then the NAS Data PDU will be transported using UL Info Transfer message of RRC.

[image: image3.emf]UE eNodeB MME S-GW P-GW

0. UE is ECM Idle 

with AS context 

Suspended

1. Random Access

HSS

2. RRC resume

3. S1-AP UE Context Resume 

Request

4. S1-AP UE Context Resume 

Response

8. Modify Bearer Request

9. Modify Bearer Request

10. Modify Bearer Response

11. Modify Bearer Response

5. RRC Reconfiguration

7. S1-AP: UL NAS Transport (DATA 

PDU with EBI)

6. UL Info Transfer (DATA 

PDU with EBI)

8. Check Integrity and decrypts 

data

12.Uplink data

13. S1-AP UE Context Suspend 

Request

18. S1-AP UE Context Suspend 

Response

14. Release Bearer Request

15. Release Bearer Request

16. Release Bearer Response

17. Release Bearer Response

19. RRC Connection 

Suspend

eNB is triggered to  

suspend the UE

SCEF


Figure 3: Using CP optimisation starting from RRC_IDLE with suspended AS context (MO scenario)
This procedure as far as AS is concerned is entirely the same as the case that was described in S2-160979 [3] and will need to be supported anyway when the UE sends TAU or SMS.

One issue worth noting is that possibly when using CP optimisation the RRC and S1 connections will be torn down based on the Release Assistance Indication. This drives the MME to tear down the S1 and RRC connections. In case though the UE starts from suspended context in eNB and MME, since the DRBs are established during RRC connection resume, the UE may start using UP communication, at any time and the MME would not be notified or made aware and could tear down S1 and RRC connection during UE’s UP communication. To avoid this case, it is preferable to leave it to eNB to decide whether to suspend the UE’s connection. 

Observation 1: When the UE uses CP optimisation (Data over NAS) starting from RRC_IDLE with suspended AS context the S1 and RRC connections shall not be torn down from MME, instead leave to eNB to determine whether to suspend the UE’s context or tear down the RRC/S1 connections

Proposal 1a: UE shall not send Release Assistance Indicator when the UE is in ECM_CONNECTED state with DRBs established.

Proposal 1b: MME shall ignore any Release Assistance Indicator sent by the UE if the UE was in suspended state before it become ECM_CONNECTED.
Scenario 4: UE in in RRC_IDLE with suspended AS context and MME wants to send MT data using CP optimisation

In this procedure the UE is in RRC_IDLE with suspended AS context and based on its local policy when the UE suspend the 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)

For this case also there are no AS protocol impacts. As in scenario 3/Proposal 1 the MME also for this case shall not tear down the S1 connection e.g. based on Release Assistance Indicator and leave up to eNB to decide to suspend based on inactivity.

One other issue that was identified in the SA2 CIoT conference call of 22 March is which addresses the Modify Bearer Request in step 9 is going to contain. If some PDN connections are provided using UP optimisation/S1-U and some PDN connections using CP it means that the Modify Bearer Request needs to contain both the MME address (for the PDN connections using the CP optimisation) and the eNB address (for the PDN connections using the UP optimisation/S1-U). In order to avoid this complexity it is proposed that: 

Proposal 2: Only data using “PDN connections to SCEF” can use CP optimisation after the AS context is established/resumed. 

Proposal 3: To indicate to the UE that it is allowed to send data for these PDN connections using CP optimisations, even after the DRBs are established, the MME includes a Control Plane Only Indicator in the Session Management Request only for PDN connections with an SCEF.
Scenario 5: UE starts using CP optimisation and later on wants to setup DRBs

In this scenario the UE starts using CP optimisation and sends some data using SRB1 as NAS Data PDUs and at some point based on local policy it decides to switch to UP optimisation or S1-U i.e. requires to setup DRBs. 
To achieve this 3 options have been idenitifed in the SA2 CIoT conference call of 22 March: 

· OPTION 1: In RRC connected state with UE (and MME) supporting “data via MME”, the “heavy data” 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 bearers.
· 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 optimization 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 impact in the MME and the UE (i.e. there is no way that the UE can trigger establishment of DRBs if it is required by some application). 
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 mean time has to buffer UL data for the “other” PDN connecton(s). Normally the RRC connection established for sending “data via the MME” should be short-lived but this cannot be guaranteed. For example a PDN connection with an SCEF may require to send significant amount of data. In the mean time the rest of the PDN connections cannot be served. 

Option 3 seems to be feasible and the only impact is that in existing TS 24.301 when the UE is RRC connected it can only send ESR (not SR). Also it was pointed out that (existing) ESR contains redundant mandatory IEs and therefore adds overhead. The choice of the most appropriate NAS message can be left up to CT1.

Observation 2: When the UE has established an RRC connection using CP optimization 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).
Proposal 4: Since the UE is RRC_CONNECTED, Service Request, Extended Service Request or a new NAS message can be used at least for this case. The choice of the most appropriate NAS message can be left up to CT1 to decide. MME can also unilaterally trigger the establishment of S1-U bearers based on local policy e.g. volume of data or transferring data through a new PDN connection originally used.
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Figure 5: Switching from CP to setting up DRBs sending ESR

From when the UE sends the SR or ESR and until the Modify Bearer Request/Response transfers the path for the bearers from MME (S11-U) to eNB (S1-U) any data that is received in DL still be received in MME. This creates a race condition which may lead to receiving “out of order” packets in the UE. 

Observation 3: Until the Modify Bearer Request/Response switches the path from S11-U to S1-U data may be received in MME and sent as “Data via MME” to the UE, whereas some other DL packets for the same EPS bearer may be sent via S1-U and DRBs. This may lead to “out of order” packets in the UE.
In order to solve this problem it is proposed that the MME temporarily tears down the S11-U bearers (steps 15/16) until it establishes the S1-U bearers and UE context in eNB.
Proposal 5: MME temporarily tears down the S11-U bearers until it establishes the S1-U bearers and switches the traffic to User Plane.
RAN2 in “running CR” for TS 36.300 [4] 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 (Message 15 in Figure 5) which will need to be integrity protected. This therefore requires PDCP to be used in order to protect this message. 
Proposal 6: How to switch between PDCP TM and “normal” PDCP it is going to be discussed in RAN2
3. Allowing CP or UP optimisation only

If it is preferred that only CP or UP is supported it has to be be determined “at which granularity” to restrict it:

Option 1: Allowing the UE to use only one of CP or UP from Supported Network Behaviour

In this case the Supported Network Behaviour shall always indicate either CP or UP is supported but never both together. Even though the UE and MME may both be supporting both CP and UP and optimisation the UE will be notified of support of only one optimization (CP or UP) in Attach Accept or TAU Accept, i.e. the network always acts towards a particular UE as supporting only one of either CP or UP optimization. 
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Figure 6: Only UP is indicated in SNB, the UE tries to setup PDN connection to SCEF

Figure 6 shows an example where this could be problematic:

· Steps 1-3
 During the attach procedure the network indicates support for only UP optimization.

· Steps4: The UE tries to establish a second PDN connectivity to an APN. 
· Step 5: Such APN resolves to PDN connection to SCEF which requires CP optimization. 
· Step 6: Then the MME has to reject this PDN connection (with a special cause?). This cause could be used to potentially determine what the UE needs to do next e.g. send a TAU with CP only in Preferred Network Behaviour. Otherwise the UE will not be able to use any applications that will send data via SCEF for as long as it is connected to this PLMN. 
Observation 4: If the MME chooses to indicate only UP optimisation and the UE tries to establish a second PDN connectivity to an APN that resolves to SCEF the MME has to reject this PDN connection (with a special cause?). This cause could be used to potentially determine what the UE needs to do next e.g. send a TAU with CP only in Preferred Network Behaviour, but is not covered by the SA2 approved procedures at the moment. Otherwise (if we do nothing) the UE will not be able to use any applications that will send data via SCEF for as long as it is connected to this PLMN. 
Alternatively if the MME (for say NB-IoT UEs) only and always indicates CP optimisation then UP optimisation will never be used and is unnecessary to be specified. 

Observation 5: If the MME chooses to only indicate CP optimisation (e.g. for NB-IoT UEs) then UP optimisation will never be used.
Option 2: Allowing the UE to use CP or UP per PDN connection

In this option the Supported Network Behaviour can still indicate both CP and UP optimisation (assuming the MME supports both) but each PDN connection is always “pinned” by the MME to either CP or UP optimisation. This means that the PDN Connectivity Response can indicate whether the specific PDN connection will be using CP or UP optimisation. 
Given that the UE at any point in time may have UL or DL data for any of the PDN connections it supports it effectively means that all the scenarios and corresponding flows defined in clause 2 have to be supported. Given that the procedures have to already be supported this option restricts the flexibility for UE or MME to switch e.g. setup DRB for one PDN connection when the data exceed a certain limit and optimise the resource usage.

Observation 6: With this option the UE and MME have to support all the signalling procedures described in clause 2 of this paper, but the flexibility is unnecessarily reduced.
4. Proposal
Based on the observations in clause 3 it is proposed that S1-U support, CP and UP optimisation can be simultaneously supported for either NB-IoT or WB-E-UTRAN UEs. 
CR S2-161518 clarifies the text in related clauses in TS 23.401 regarding the simultaneous support of CP and UP optimisation for the same UE, and also performs a clarification based on proposal 1, 2 and 3: 

Proposal 1a: UE shall not send Release Assistance Indicator when the UE is in ECM_CONNECTED state with DRBs established.

Proposal 1b: MME shall ignore any Release Assistance Indicator sent by the UE if the UE was in suspended state before it become ECM_CONNECTED.

Proposal 2: Only data using “PDN connections to SCEF” can use CP optimisation after the AS context is established/resumed. 

Proposal 3: To indicate to the UE that it is allowed to send data for these PDN connections using CP optimisations, even after the DRBs are established, the MME includes a Control Plane Only Indicator in the Session Management Request only for PDN connections with an SCEF.

It is understood that proposal 4, and 5: 
Proposal 4: Since the UE is RRC_CONNECTED, SR, Extended Service Request or a new NAS message can be used at least for this case. The choice of the most appropriate NAS message can be left up to CT1 to decide. MME can also unilaterally trigger the establishment of S1-U bearers based on local policy e.g. volume of data or transferring data through a new PDN connection originally used.

Proposal 5: MME temporarily tears down the S11-U bearers until it establishes the S1-U bearers and switches the traffic to User Plane.
Should be taken into account and further discussed in CT1 and CT4, whereas proposal 6: 
Proposal 6: How to switch between PDCP TM and “normal” PDCP it is going to be discussed in RAN2
Should be taken into account and further discussed in RAN2.
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