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1. Introduction

It is very important to active UE as quickly as possible in SAE/LTE. In UMTS, c-plane connection is always established prior to the u-plane connection. This paper introduces fast activation that eNodeB is indicated to establish the S1 u-plane connection prior to the c-plane connection. 
2. UE in LTE-Idle State

UE is released to LTE-Idle, 
A) after the UE has been attached to the SAE/LTE, but there is no active service, or 
B) when the UE is in LTE-Active state, but there is no packets transmission on uplink or downlink for a relative long time, e.g. several minutes. 

There are characteristics for the UE in LTE-Idle:

1. The eNodeB has no UE context, and all radio resource and bearers in eNodeB are released. 

2. Only MME/UPE has UE context (e.g. UE/user identities, IP address, UE mobility state, user security parameters, subscriber data, QoS parameters, etc.). 

3. UE has been authenticated and the encryption parameters stored in the UE/UPE are valid. 

4. The IP Bearers (including default IP Bearer and/or dedicated IP Bearer) between UPE and IASA exist, if UPE and IASA are separated. 

5. Temporary Id and IP address has been allocated for the UE. 

3. Fast Activation
Fast activation in the paper is based on the assumptions below: 
1. When the UE is released to LTE-Idle, S1 Access Bearer is released but the Access Bearer ID is remained in the UE and MME/UPE. The Access Bearer Id is valid until the Access Bearer and the correlated IP Bearer are released together. 

2. The eNodeB allocates the default radio resource for the UE to establish the radio connection.

3. S1 u-plane protocol (e.g. GTP-U) supports control frame, which is used to establish u-plane tunnel quickly. 
4. Default radio bearer in air-interface can transmits the data for dedicated IP bearer, before the dedicated radio bearer is established. 
Sections below describe the fast activation procedures for cases: 1) MME and UPE are combined; 2) MME and UPE are separated and SM (i.e. Session Management) locates in MME; 3) MME and UPE are separated and SM locates in UPE. These procedures have same main idea that the user plane connection is established prior to the control plane connection if UE is activated for packet transmission. 
3.1 Fast Activation when MME and UPE are combined

Figure1 below denotes the fast activation when MME and UPE are combined. MME/UPE is separated form IASA, but it doesn’t preclude the combined MME/UPE/IASA. IASA including 3GPP anchor and SAE anchor. 
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Figure1: Fast Activation when MME and UPE are combined

Step1:
The UE is in LTE-Idle state. The IP Bearer (e.g. default IP Bearer and/or dedicated IP Bearer) between MME/UPE and IASA exists. DL packets are sent from IASA to MME/UPE via an IP Bearer. 

Step2:
Because there is no S1 u-plane connection for the UE in LTE-Idle, the MME/UPE buffers the DL packets. MME/UPE knows which IP Bearer the packets belong to. The MME/UPE checks the UE in LTE-Idle and initiates paging procedure. UE Id, paging cause and Access Bearer Id are included in paging message. Paging cause indicates that the paging is initiated for downlink u-plane packet transmission. 
Note: actually, the MME/UPE requests the eNodeBs to page the UE and the eNodeBs broadcast the paging message. 

Step3:
Radio connection (e.g. RRC connection and default radio bearer) is established between UE and eNodeB. eNodeB allocates default radio resource for the connection. 

Step4:
Because the paging cause indicates that the DL packet is arriving, UE sends an initial UL Data to eNodeB. UE Id, Access Bearer ID and a encrypt data are included in the message. 
Note: UE generates a special data, e.g. all ‘1’, or random data, then the data is encrypted and included in the initial UL Data.

Step5:
On receiving the initial UL Data, eNodeB checks that there is no S1 u-plane connection for the UE. eNodeB allocates a tunnel id (e.g. TEID) for the Access Bearer indicated by the Access Bearer Id in the message and allocates transport resource. eNodeB sends an Initial UL UP to MME/UPE. UE Id, Access Bearer Id, Tunnel Id, eNodeB Address and encrypted data are included in the Initial UL UP. 
Note: UP is the user-plane protocol, e.g. GTP-U. Initial UL UP and Ack UP are controlling frames in user-plane. 
Step6:
One receiving the Initial UL UP, MME/UPE un-encrypts the data in the message. Successful un-encryption of the data means the UE is authenticated. MME/UPE discards the data and acknowledges the Initial UL UP by sending an Ack UP to eNodeB. Access Bearer Id, Tunnel Id and UPE address are included in the Ack UP. The Tunnel Id in Ack UP is the old one stored in the MME/UPE. The S1 u-plane connection is established. MME/UPE delivers the buffered DL packets to UE, and UE sends UL packets to MME/UPE. 
Note1: When UE is in LTE-Idle, encryption parameters stored in UE and MME/UPE are valid. 
Note2: If MME/UPE fails to un-encrypts the data, a failure indicator is included in Ack UP and eNodeB 
      releases the resource allocated on step4. 
Note3: After step6, UPE delivers the buffered packets to the eNodeB.
Step7:
The eNodeB sends an indication to the UE, and the UE can transfer UL packets now.
Step8:
MME/UPE sends a Context Update to eNodeB, and UE context (e.g. QoS profile, security parameters) is downloaded to eNodeB. 

Step9:
eNodeB reallocates the radio resource for the UE according to the QoS profile from MME/UPE. And eNodeB reconfigures UE for the new radio resource.

Step10:eNodeB acknowledge the MME/UPE with Context Update Ack. C-plane connection is established. 

Note: Figure1 with removed step1 and step2 denotes the fast activation when LTE-Idle UE initiates UL 
packet transmission. 
3.2 Fast Activation when MME and UPE are separated and SM locates in MME

Figure2 below denotes the fast activation when MME and UPE are separated and SM locates in MME. UPE is separated form IASA, but it doesn’t preclude the combined UPE/IASA. IASA including 3GPP anchor and SAE anchor. 
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Figure2: Fast Activation when MME and UPE are separated and SM locates in MME
Figure2 has same steps as figure1, except that step2, step9 and step13 are added for separated MME and UPE. 
Step2:
Because there is no u-plane connection for UE in LTE-Idle, UPE buffers the DL packets. UPE knows which IP Bearer the packets belong to. UPE sends an Indication to MME, Access Bearer Id is included. 
Note: UE context in UPE records the mapping information between IP Bearer and Access Bearer. 
Step9:
UPE sends an Update Indication to MME, indicating that the u-plane connection has been established. MME update the state and location for the UE. UE Id and location information (e.g. eNodeB Id) are included in the Update Indication. 
Step13: MME confirms the UPE that the updating is completed.
Note: Figure2 with removed step1, step2 and step3 denotes the fast activation when LTE-Idle UE initiates UL 
packet transmission. 

3.3 Fast Activation when MME and UPE are separated and SM locates in UPE

Figure3 below denotes the fast activation when MME and UPE are separated and SM locates in UPE. UPE is separated form IASA, but it doesn’t preclude the combined UPE/IASA. IASA including 3GPP anchor and SAE anchor. 
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Figure3: Fast Activation when MME and UPE are separated and SM locates in UPE

Figure3 has same steps as figure2 except step10 and step12, because SM locates in UPE. 
Step10: UPE sends a Context Update to eNodeB, and UE context (e.g. QoS profile, security parameters) is downloaded to eNodeB. 

Step12: eNodeB acknowledge the UPE with Context Update Ack. C-plane connection is established. 

Note: Figure3 with removed step1, step2 and step3 denotes the fast activation when LTE-Idle UE initiates UL 
packet transmission. 

3.4 Summary
Merits of fast activation: The u-plane connection is established quickly and the time, during which the DL packet is buffered in UPE, is short. Once the S1 u-plane connection is established, UPE delivers the buffered DL packets to eNodeB. The eNodeB delivers the DL packets to the UE, because the eNodeB already allocates default radio resource for the UE and radio connection has been established. If the bite rate of the DL packets is high, the DL packets can be buffered in eNodeB and UPE at same time. It means that DL packet has low possibility to be discarded in UPE because buffer overflows. 
4. Conclusion

In order to shorten the activation time from LTE-Idle to LTE-Active, the main idea of this paper is that, MME/UPE pages UE and indicates that the u-plane should be established at first. UE indicates the eNodeB to establish the u-plane connection prior to c-plane connection. UPE delivers the buffered DL packets to UE as quickly as possible, and the DL packets have low possibility to be discarded. 
5. Reference
S2H060431, Low Latency User Plane Establishment, Vodafone, SA2#SAEAdhoc, Paris
6. Proposal

It is proposed to add the procedure of this paper into the annex H.5 in 3GPP TR 23.882. 

**** Start of 1st set of changes ****

Annex H: Signalling charts for combined or separated MME and UPE

This Annex presents information flows of SAE procedures that demonstrate on a high level the differences between alternative function allocation to MME and UPE and whether the MME and UPE are grouped or separated with an open interface.
Editor’s note: These information flows are work-in-progress and details and principles need to be clarified for each alternative for performing the final comparison and decision.

The information flows presented here only serve as illustrations of the principal differences between the proposed alternatives to support the comparison and selection of specific functional grouping and allocation of functions to functional entities. The information flows need to provide sufficient level of details to enable identification of main differences and thereby identifying the questions that need to be answered. It is not intended to develop the final information flows in this annex.

These draft information flows are shown for the following alternatives:

A. Combined MME/UPE.

B. Separate MME and UPE with control signalling mostly via the MME, and session and context management in MME.

C. Separate MME and UPE with control signalling via the MME or the UPE, and session and context management only in UPE.
For alternative A, the flows are adopted from the related key issue solution descriptions of this document where the MME/UPE is shown as a combined entity. Therefore they may lack details and may not be completely according to the views of the companies supporting alternative A.

The following non-exhaustive list of procedures are described, and other procedures can be added later on:

1. Attach including default bearer handling

2. TA Update without MME or UPE change
Note: Procedure has not been proposed for alternative A.

3. Inter eNB Handover in LTE_ACTIVE mode (intra MME and intra UPE)
Note: Various other procedures have been proposed where the MME and/or UPE are also relocated, but they are not shown here in order to simplify the discussions.
4. Inter 3GPP Handover between pre-SAE/LTE and SAE/LTE accesses in LTE_ACTIVE mode
Note: Procedures have not been proposed for alternatives B and C. Several procedures have been proposed for alternative A.
5. Paging and Service Request
6. Establishment of Dedicated Bearers
Note: Only the main preferred signalling chart is shown for each alternative, although further procedures may also be supported.

7. Inter MME and/or inter UPE change, including support for service continuity
Note: This procedure addresses an architecture requirement.
8. Fast activation from LTE-Idle to LTE-Active 
Note: Procedures focus on how to establish user plane connection as quickly as possible for packets transmission when UE is in LTE-Idle.
**** End of 1st set of changes ****
**** Start of 2nd set of changes ****

H.7
Inter MME and/or inter UPE change, including support for service continuity

TBD

Figure H.7.1: Alternative A
TBD

Figure H.7.2: Alternative B
TBD

Figure H.7.3: Alternative C
H.8
Fast Activation from LTE-Idle to LTE-Active
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Figure H.8.1: Alternative A

[image: image5]
Figure H.8.2: Alternative B
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Figure H.8.3: Alternative C
**** End of 2nd set of changes ****
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