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Abstract:
This contribution intends to introduce an issue on initial trigger of CS fallback in MO CS Call case which is one of the CS fallback open issues, and to propose some solutions for this CS fallback open issue. 
1. INTRODUCTION
In TSG CT1 #51, overview of CS fallback was introduced and its scope and open issues were clarified by C1-080315. As mentioned in the contribution, SA2 created a study item to investigate CS-domain service provision with EPS in TR23.879 [1]. CS fallback is specified in sub-clause 5.3 of TR23.879 technically as “Alternative 3: Page in eUTRAN, call in GSM/WCDMA” and was granted priority in Release 8 timeframe as the scheme to provide EPS interaction with CS-domain services. 
The overall objective of this paper is to:

· Identify impacts of CS fallback on NAS protocol (in particular the MO CS Call case) and raise awareness of this impact in the stage 2 and stage 3 working groups

· Use opportunity of SA2-CT1 joint session to discuss these impacts, clarify solution space and thereby accelerate standardization of CS fallback 

There are still a number of open issues in SA2 discussion and one of them is about “When and who exactly initiates CS fallback, the user network or both?” 
This contribution intends to discuss the issue and propose some solutions focused in the aspect of MO CS Call case first, because in the MO CS Call case it is clear that it is the user that initiates a trigger of CS fallback. As for MT CS Call case, it is not clear “When and who exactly initiates CS fallback” for receiving side (i.e. it is not clear if Paging Request would be delivered to UE.)
2. DISCUSSION
2.1 MO CS Call case in Active Mode
In TR23.879, “MO CS Call in Active Mode” procedure is specified in sub-clause 5.3.2.6 (Preparation Phase) and sub-clause 5.3.2.7 (Execution Phase) with figures of call flow. Following is quoted from sub-clause 5.3.2.6 of TR23.879 with no change.
 Start of Quotation
5.3.2.6
MO CS Call in Active Mode – Preparation Phase
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Figure 5.3.2.6-1: CS Call Request in eUTRAN, Call in GSM/WCDMA – Preparation Phase

1.
The eNodeB receives a CS Call Request from the UE/MS. The UE/MS only transmits this request when a voice call is requested by the user and IMS is not supported.

2.
The eNode may optionally solicit a measurement report from the UE/MS to determine the target GERAN/UTRAN cell to which PS handover will be performed.

Editor's Note:
It is FFS if the eNodeB should always solicit a measurement report to at least to allow the MS to respond with a preference for handover to either a GERAN or UTRAN cell.

3.
The eNodeB triggers PS handover to a GERAN/UTRAN neighbour cell by sending a Relocation Required message (Relocation Type, Cause, Source ID, Target ID, Source BSS To Target BSS Transparent Container) to the MME. The eNodeB shall set Relocation Type to "UE Involved in relocation of SRNS" and Target ID shall contain the identity of the target cell. The rest of the PS handover procedure described from this point on assumes that a GERAN target cell has been selected.

4.
The MME determines initiates the PS Handover resource allocation procedure by sending a Forward Relocation Request (IMSI, Tunnel Endpoint Identifier Control Plane, RANAP Cause, Target Cell Identifier, MM Context, PDP Contexts, Packet Flow ID, PDP Context Prioritisation, Source BSS To Target BSS Transparent Container in the BSS Container (content is FFS), Source eNodeB Id, MME Address for control plane) message to the SGSN. If the MME supports PS handover procedures then it has to allocate a valid PFI during the PDP Context activation procedure. Each PDP context contains the GGSN Address for User Plane and the Uplink TEID for data sent to this GGSN Address.


The MM context contains security related information, e.g. supported ciphering algorithms as described in 3GPP TS 29.060 [11]. The relation between GSM and eUTRAN security parameters is FFS.


The SGSN selects the ciphering algorithm to use. This algorithm will be sent transparently from the SGSN to the UE/MS. The IOV-UI parameter generated in the SGSN and used as input to the ciphering procedure will also be transferred transparently from the SGSN to the UE/MS.


When the SGSN receives the Forward Relocation Request message the required PDP, MM, SNDCP and LLC contexts are established and a new P-TMSI is allocated for the MS. When this message is received by the SGSN it begins the process of establishing PFCs for all PDP contexts.


When the SGSN receives the Forward Relocation Request message it extracts from the PDP Contexts the NSAPIs and SAPIs and PFIs to be used. If for a given PDP Context the SGSN does not receive a PFI from the MME, it shall not request the target BSS to allocate TBF resources corresponding to that PDP Context. If none of the PDP Contexts forwarded from the MME has a valid PFI allocated the SGSN shall consider this as a failure case and the request for PS handover shall be rejected.


The MME shall not indicate any XID parameter settings and the SGSN shall therefore create a NAS container for PS HO indicating Reset (i.e. reset to default XID parameters).

5.
The SGSN sends a PS Handover Request (Local TLLI, IMSI, Cause, Target Cell Identifier, Source BSS to Target BSS Transparent Container (RN part), PFCs To Be Set Up List, NAS container for PS HO) message to the target BSS. The SGSN shall not request resources for PFCs associated with PDP contexts with maximum bit rate for uplink and downlink of 0 kbit/s or for which the Activity Status Indicator within the PDP Context indicates that no active RAB exists on the source side.

6.
Based upon the ABQP for each PFC the target BSS makes a decision about which PFCs to assign radio resources. The algorithm by which the BSS decides which PFCs that need resources is implementation specific. Due to resource limitations not all downloaded PFCs will necessarily receive resource allocation. The target BSS allocates TBFs for each PFC that it can accommodate plus it will allocate CS resources required to establish the CS bearer in the target cell.

7.
The target BSS shall prepare the Target BSS to Source BSS Transparent Container which contains an Inter-Domain Handover Command including the CN part (NAS container for PS HO) and the RN part (PS and CS Radio Resources).

8.
Target BSS shall send the PS Handover Request Acknowledge message (Local TLLI, List of Set Up PFCs, Target BSS to Source BSS Transparent Container) message to the SGSN. Upon sending the PS Handover Request Acknowledge message the target BSS shall be prepared to receive downlink LLC PDUs from the SGSN for the accepted PFCs.


Any PDP contexts for which a PFC was not established are maintained in the SGSN and the related SAPIs and PFIs are kept. These PDP contexts may be modified or deactivated by the SGSN via explicit SM procedures upon the completion of the routing area update (RAU) procedure performed during the execution phase.

9.
The SGSN passes the assigned list of TEIDs for each PDP context for which a PFC was assigned in the RAB setup information IE in the Forward Relocation Response (Cause, List of Set Up PFCs, Target BSS to Source BSS Transparent Container) in the BSS Container, Tunnel Endpoint Identifier Control Plane, SGSN Address for User Traffic, Tunnel Endpoint Identifier Data II) message to the MME. The NSAPIs of the active PDP Contexts received in the Forward Relocation Request message for which the PS handover continues, i.e. for which resources are allocated for the PFCs in the target BSS, are indicated in this message.


The Tunnel Endpoint Identifier Data II, one information element for each PDP context, is the tunnel endpoint of the SGSN and is used for data forwarding from the Serving GW, via the new SGSN, to the target BSS. The SGSN activates the allocated LLC/SNDCP engines as specified in 3GPP TS 44.064 for an SGSN originated Reset or 'Reset to the old XID parameters'.


When the MME receives the Forward Relocation Response message and it decides to proceed with the handover, the preparation phase is finished and the execution phase will follow.

End of Quotation
In Figure 5.3.2.6-1 of above quotation, “CS Call Request” message is specified as an initial trigger of MO CS Call in Active Mode -Preparation Phase.  The discussion about the initial trigger of MO CS Call in Active Mode would be divided into following two parts.

2.1.1   “CS Call Request” is AS message? or NAS message?
When the user makes a call, the “CS Call Request” message is initiated by UE/MS, but it is now terminated at eNodeB in sub-clause5.3.2.6.  Since eNodeB does not normally terminate a NAS message, we can assume this “CS Call Request” message as an AS message. But the role of “CS Call Request” message is to notify the existence of voice call by the user, and the role of detecting a requirement of call request from the user is closer to NAS responsibility than to AS responsibility.

In addition, even if we do use AS messages, there is currently no AS message which can deliver the information of the existence of “CS Call Request”. Current RAN2 procedures do not include the "CS call request" in RRC CONNECTION RE-ESTABLISH REQUEST.
Conclusion
So, it is preferable that the “CS Call Request” message is delivered by NAS message rather than an AS message.

2.1.2     Who shall send this message?
The existence of voice call requirement from the user is detected by the legacy NAS (CC/MM) protocols in the first place, and then the legacy MM is in MM-IDLE state, so that MM initiates the Service Request procedure normally.
So this “CS Call Request “procedure has a similar role with NAS Service Request procedure, and there is an issue that who should send this message “EMM? or “MM?”. As illustrated in Figure2.2, we can assume two alternatives concerning this issue. 
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Figure 2.1.2-1  CS fallback example call flow for MO CS Call case in UE
Alternative 1: EMM sends “CS Call Request” message (denoted by blue line in Figure 2.1.2-1) 
In Alt.1, EMM should send “CS Call Request” having received the CS call requirement from Legacy NAS Layer (CC/MM). 

As “CS Call Request” would be a NAS message, EMM should send this message toward MME. And then MME should notify the existence of voice call from the user and persuade eNodeB to initiate the handover procedure. This procedure is preferable because there is no impact on the CS infrastructure. Figure 2.1.2-2 shows an assumed call flow in Alt.1.
Problem: Currently the EMM can send a Service Request message only when it is in idle mode. But if the user is engaged in a PS session, the EMM will be in EMM-CONNECTED mode. And if the user initiates a call request and subsequently the legacy NAS sends a CS call request, the EMM will be unable to send the Service Request message. 
Therefore it should be possible for the EMM to be able to send a Service Request message even when it in the EMM-CONNECTED mode. But this will impact the EMM state machine. The detail relation ship between EMM and Legacy NAS Layer (CC/MM) is beyond this contribution, but it is prefer able to simplify the relation between MM and EMM from the implementation point of view.

[image: image3]
Figure 2.1.2-2   Assumed call flow in MO CS Call case in Active Mode – Preparation Phase

Alternative 2: MM sends “CS Call Request” message (denoted by red line in Figure 2.1.2-1) 
In Alt.2, MM should send “CS Call Request” having received the CS call requirement from the user. As MM cannot communicate directly with MME, this would impact the CS infrastructure and eNodeB as new interfaces between them needs to be defined and developed. And also in UE side, that demands an additional interface between MM and RRC (LTE).
Figure 2.1.2-3 shows an assumed call flow in Alt.2.
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Figure 2.1.2-3   Assumed call flow in MO CS Call case in Active Mode – Preparation Phase

Conclusion
In order to prevent impact on legacy CS network infrastructure, it is preferable that EMM shall send “CS Call Request” message rather than the MM.
2.2    MO CS Call case in Idle Mode
 “MO CS Call in Idle Mode” procedure is specified in sub-clause 5.3.2.9, where we can see some assumptions like application of same procedure with “MO CS Call in Active Mode” or cell reselection or redirection or cell change order. 

However we believe that it is important to use the common procedure for CS fallback in idle mode as used in active mode.
Among these alternatives, the same procedure cannot have the commonality if using cell-reselection since cell-reselection would be done before transmitting NAS Service Request.
In addition, NAS procedure is supposed to be transparent to AS procedure, i.e. AS would not initiate cell-reselection upon receiving NAS Service Request.

Conclusion

We propose to adopt the same NAS procedure with Active Mode in MO CS Call Case, so we don’t prefer cell-reselection solution as an alternative for CS fallback MO CS Call in idle mode.
3. PROPOSAL
Therefore the following solutions are proposed for CS fallback in MO CS Call case.
· The role of trigger for CS fallback in MO CS Call case is NAS responsibility
· EMM should send the “CS Call Request” to notify the existence of CS call request toward MME
· “CS Call Request” is send by Service Request procedure in both EMM-IDLE/EMM-CONNECTED
If these concepts are agreeable, we will bring CRs that address these issues to the next CT1/SA2 meeting.
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