3GPP TSG-RAN WG3 Meeting NB-IOT
R3-160057
Budapest, Hungary, 20 – 22 January 2016
Agenda item:
26.2
Source:
Nokia Networks
Title:
Signaling details for UP based solution
Document for:
Decision

1
Introduction
At RAN3#90, discussion was initiated on the potential RAN3 impacts of the user plane solution for small data transfer  described in section 6.18 of [1] (Solution 18: User plane based solution with AS information stored in RAN).  The solution reduces the signalling overhead of conventional connection setup procedures by introducing the ability to suspend/resume a connection based on context that is stored in the UE/eNB/MME even while the UE is in the Idle state.
In this paper, we discuss in further detail the impacts to RAN3 specifications.
2
Discussion
2.1
Suspend Connection
The RRC Suspend procedure is described in section 6.18.1.3 of [1].  It is used to transition the UE from connected to idle state while causing the UE/eNB/MME to retain the context information.  Figure 1 below shows the overall Suspend procedure.
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Figure 1: Suspend procedure
The steps of Figure 1 are as follows:

Step 1:
The eNB initiates the suspend procedure by sending a message (e.g. a new UE CONTEXT SUSPEND REQUEST message) to the MME.  The UE CONTEXT SUSPEND REQUEST message indicates to the MME that the RRC connection for UE1 is to be suspended.

Step 2-3:
All S1-U bearers for UE1 are released by the SGW.
Step 4:
The MME responds to the eNB.

Step 5:
The eNB suspends the RRC connection towards the UE [details to be decided by RAN2].

The functionality needed in step 1 is achieved using a new S1AP message, since there is no existing S1AP message (e.g. UE CONTEXT RELEASE REQUEST, UE CONTEXT MODIFICATION INDICATION, etc) that would be suitable to reuse for this case where the existing UE context information and UE-associated logical S1 connection is kept at the eNB.
Proposal 1:
Introduce a new UE Context Suspend procedure as a Class 1 S1AP procedure which uses UE-associated signaling. 
2.2
Resume Connection
2.2.1
Mobile Originated case
The RRC Resume procedure is described in section 6.18.1.4 of [1].  It is used to transition the UE to connected state using the context information previously stored in the UE/eNB/MME.  Figure 2 below shows the overall Resume procedure for the mobile originated case.
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Figure 2: Resume procedure – MO case
The steps of Figure 2 are as follows:

Step 1:
The UE performs the RRC Connection Resume procedure. The UE NAS layer does not send a Service Request; instead, the UE AS layer triggers resumption of the RRC connection according to the previously stored AS context [details to be decided by RAN2].
Step 2:
If the eNB has stored context information for UE1, it sends a message (e.g. a new UE CONTEXT RESUME REQUEST message) to the MME.  The UE CONTEXT RESUME REQUEST message indicates to the MME that the RRC connection for UE1 has been resumed. The MME identifies UE1 based on the received MME UE S1AP ID IE.
Step 3:
The MME responds to the eNB.

Step 4-5:
S1-U bearers for UE1 are established by the SGW.
The functionality needed in step 2 is achieved using a new S1AP message, since there is no existing S1AP message (e.g. INITIAL UE MESSAGE) that would be suitable to reuse for this case where there is no NAS layer message and the existing UE-associated logical connection is used.

Proposal 2:
Introduce a new UE Context Resume procedure as a Class 1 S1AP procedure which uses UE-associated signaling.

2.2.2
Mobile Terminated case

Figure 3 below shows the overall Resume procedure for the mobile terminated case, where Paging is used to trigger the UE to perform the RRC Connection Resume procedure.
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Figure 3: Resume procedure – MT case
The steps of Figure 3 are as follows:

Step 1:
When the SGW receives downlink data for UE1, it triggers a Downlink Data Notification message to the MME serving UE1.

Step 2:
The MME responds to the SGW.

Step 3:
The MME sends a PAGING message to eNB1 and possibly other eNBs according to the implementation specific paging strategy.
Step 4:
The eNB sends an RRC Paging message [details to be decided by RAN2].
Step 5-9:
UE1 triggers the RRC Connection Resume procedure, which proceeds as in steps 1-5 of the MO case.
According to [1], the “MME may at first attempt page the UE using the existing S1AP association, i.e. S1AP association that was suspended”.  This assumes that there is a benefit (e.g. to eNB paging strategy) to correlating a received PAGING message with stored UE context information.  However, RAN3 has already agreed to paging optimizations in Rel-13 where e.g.:

-
the Information on Recommended Cells and eNBs for Paging IE and Cell Identifier and Coverage Enhancement Level IE are provided by the eNB to the MME in the UE CONTEXT RELEASE COMPLETE message; and

-
the same IEs can be echoed back to the eNB within the Assistance Data for Paging IE in the PAGING message.
Following this same paradigm, information relevant to paging optimization for UP CIoT capable UEs can be included in the new UE CONTEXT SUSPEND REQUEST message. Then, all information needed by the eNB for optimized paging can be contained in the Assistance Data for Paging IE in the received PAGING message and there would be no need for allowing the PAGING message to use UE-associated signalling (which would increase complexity).

Proposal 3:
There is no need to enable paging using an existing S1AP association.
2.2.3
UE Context transfer case

According to section 6.18.1.1 of [1], resumption of the previously suspended connection “can also be introduced and supported for UEs having transactions over multiple eNBs by introducing it over a cluster of eNBs that support UE Context transfer between the eNBs via the X2 interface”.
RAN3 has previously discussed context transfer for the case of RRC connection re-establishment in an unprepared cell [2]. Figure 4 below shows the overall procedure for RRC connection re-establishment using UE context transfer.
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Figure 4: RRC Connection Re-establishment using UE context transfer
The key steps are the following:

Step 5:
The target cell sends the X2: RLF INDICATION message to the source cell identified by PCI (see 8.3.9 of [3]).  The message includes the following information:

-
Failure cell PCI, C-RNTI, and ShortMAC-I for UE context identification; and
-
Re-establishment cell ECGI to identify the target cell for handover.
Step 6:
If context fetch is supported by the source cell, then it checks whether context fetch can be performed (e.g. the existence of a UE context matching {Failure cell PCI, C-RNTI, ShortMAC-I}).
Step 7:
The source cell initiates the Handover Preparation procedure by sending the X2: HANDOVER REQUEST message to the target cell (see 8.2.1 of [3]).

NOTE: The source cell could instead send the S1: HANDOVER REQUIRED message if it determines that only S1 handover is allowed.  However, in this figure X2 handover is assumed.
Step 8:
The target cell responds with the HANDOVER REQUEST ACKNOWLEDGE message.  The Target eNB To Source eNB Transparent Container IE is ignored by the source cell.
Step 9:
The target cell now has the UE context, and is therefore considered “prepared”.  The target cell correlates the received HANDOVER REQUEST message with the pending RRC Connection Reestablishment attempt based on {PCI, C-RNTI, ShortMAC-I} in the RRC Context IE.  The target cell sends the RRCConnectionReestablishment message to the UE.
Once the RRC connection is re-established, the target eNB informs the MME that the UE is now served by a different eNB using the S1: PATH SWITCH REQUEST message in step 14.
The above can in principal be reused to support UE context transfer for UP CIoT Optimisations, if it is assumed that:
-
eNB2 (which receives the RRC resume request message) is able to derive the last serving cell and C-RNTI from the received RRC message, so that it can be included in the X2: RLF INDICATION message it sends to eNB1;
-
eNB1 (where the UE context is stored) is able to identify the UE context from the PCI and C-RNTI it receives in the X2: RLF INDICATION message; and
-
The S1: PATH SWITCH REQUEST message can be used to resume the UE context in the MME similar to the proposed new UE CONTEXT RESUME REQUEST message.
RAN3 should discuss the above assumptions and decide on the needed specification changes.
Proposal 4:
Functionality to resume a connection with an eNB different than where the connection was suspended should be specified.
3
Conclusion
In this paper, we discussed in further detail the impacts to RAN3 specifications of the User Plane CIoT Optimisations.  The following is proposed:

Proposal 1:
Introduce a new UE Context Suspend procedure as a Class 1 S1AP procedure which uses UE-associated signaling. 

Proposal 2:
Introduce a new UE Context Resume procedure as a Class 1 S1AP procedure which uses UE-associated signaling.

Proposal 3:
There is no need to enable paging using an existing S1AP association.
Proposal 4:
Functionality to resume a connection with an eNB different than where the connection was suspended should be specified.
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