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Introduction:

In order to reduce the time taken to re-establish resources necessary for transmitting data (i.e. transitioning from Idle to Active state), it is necessary to carefully evaluate the sequence of individual signalling steps.  
It is very important to ensure an optimised mobile originated idle-active transition time. This needs to be done in a manner in which the S-GW remains as simple to implement as possible. 
With the current signalling sequence, there is a problem with downlink data (e.g. a DNS response to the first uplink packet from the UE (step6)) arriving in the S-GW before the eNodeB TEIDs have been delivered to the S-GW in step 8. 
Current offline discussions have proposed that this can be ‘solved’ by permitting this downlink data to ‘page’ the MME, or, for the uplink data to be buffered until step 8. Neither of these solutions appear elegant (e.g. paging counters in the MME need careful adaptation, etc, or S-GW complexity is added).

This paper suggests an alternative mechanism where the eNodeB allocates a set of DL-TEIDs when the first message from the UE is sent to the MME. 

The 32 bit DL-TEIDs can be constructed with, for example, a 26 bit TEID-ue and 6 bit TEID-qf as described in S2-071968.

Mobile terminated idle-active transition time is also important, but this has to be balanced against the relatively long Discontinuous Reception (DRX) times used to preserve UE battery life.
Proposal:

The following changes are proposed to the Service Request and Paging flows based on the discussion above.
5.3.4
Service Request procedures
5.3.4.1
UE triggered Service Request
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Figure 5.3.4-1. UE triggered Service Request procedure

1)
The MME has stored the S1 TEID(s) (UL) for the Serving GW.

2)
The UE sends NAS message Service Request (S-TMSI, TAI, Service Type) towards the MME encapsulated in an RRC message to the eNodeB. The RRC message(s) that can be used to carry this NAS message are described in 3GPP TS 36.300 [5].

3)
The eNodeB forwards NAS message to MME. NAS message is encapsulated in an S1-AP: Initial UE Message (NAS message, Cell Global ID of the serving cell, S1 TEID-ue (DL)). Details of this step are described in 3GPP TS 36.300 [5]. The S1 TEID-ue (DL) included shall be used by the Serving GW for the default EPS bearer and to derive the full TEID for any associated dedicated bearers.

If the NAS message was triggered as a paging response, the MME stops any further retransmissions of the paging request.
4)
NAS authentication procedures may be performed.

5)
The MME sends S1-AP Initial Context Setup Request (Serving GW address, S1-TEID(s) (UL), Bearer QoS(s), Security Context, MME Signalling Connection Id) message to the eNodeB. This step activates the S1 bearers for the default EPS bearer and any already established dedicated EPS bearers. The eNodeB stores the Security Context, MME Signalling Connection Id, Bearer QoS profile(s) and S1-TEID(s) in the UE RAN context.  The step is described in detail in 3GPP TS 36.300 [5].
Editor's Note: Whether all of, a subset of or individual radio bearers are established is FFS. 
5a)
At the same time as, or shortly after or before step 4, the MME sends an Update Bearer Request message (eNodeB address, S1 TEID(s) (DL)) to the Serving GW. The Serving GW is now able to transmit downlink data towards the eNodeB and UE (and if triggered by a network triggered service request, this will happen). The Serving GW considers this to be a paging success if triggered by a network triggered service request as described in clause 5.3.4.2. The Serving GW responds with an Update Bearer Response to the MME.
Editor’s note: it is FFS whether copies of the downlink data are retained until step 8.

Any downlink data that arrives at the eNodeB is buffered by the eNodeB until step 5 is completed.
6)
The eNodeB performs the radio bearer establishment procedure. The user plane security mode is established at this step. This step implicitly confirms the Service Request. This step is described in detail in 3GPP TS 36.300 [5].

7)
Any uplink data from the UE can now be forwarded by eNodeB to the Serving GW. The eNodeB sends the uplink data to the Serving GW address and TEID provided in the step 4.
8)
The eNodeB sends an S1-AP message Initial Context Setup Complete (eNodeB address, bearer state) to the MME. This step is described in detail in 3GPP TS 36.300 [5]. The bearer state shall include information about the status of each requested radio bearer and its associated S1 TEID (DL) for the established bearers.
9)
The MME sends a Radio Bearer Establishment Complete message (bearer state) to the Serving GW. The Serving GW acknowledges with a Radio Bearer Establishment Complete Acknowledge message.


5.3.4.2
Network Triggered Service Request
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Figure 5.3.4-2. Network triggered Service Request procedure
1)
The Serving GW receives a downlink data packet for a UE. 
2)
The Serving GW checks the UE is in IDLE state by verifying whether it stores any DL TEID(s) for the eNodeB and determines that it needs to request the MME to start (or modify) the MME's paging procedure (see clause x.x).
Editor's note: clause x.x describes, e.g. how the S-GW knows that it has already initiated the paging procedure, and, whether or not it needs to notify the MME, e.g. because the downlink packet is of higher priority.
3)
The Serving GW sends a Paging Request message (IMSI, MME Context Id?) to the MME. 
Editor's Note: It is FFS whether the Paging Request triggered by the Serving GW needs to contain the Bearer ID for the EPS bearer in which the downlink data packet arrived. This may be required if selective radio bearer re-establishment is in use, or, different paging strategies are used for different bearers.
4)
The MME sends a Paging message (NAS Paging ID, TAI(s), Paging DRX ID) to each eNodeB belonging to the tracking area(s) in which the UE is registered. The step is described in detail in 3GPP TS 36.300 [5].

5)
The UE is paged by the eNodeBs. The step is described in detail in 3GPP TS 36.300 [5].

6)
The UE initiates the UE triggered Service Request procedure, which is specified in clause 5.3.4.1.




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































eNodeB 





UE





Downlink Data





5. UE triggered Service Request procedure





HSS





4. Paging





3. Paging





PDN GW





Serving GW





MME





2. Paging Request





1. Downlink Data


























































































































































































































































































































eNodeB





UE





9. Update Bearer Response





8. Update Bearer Request





6. Uplink Data





5. Radio Bearer Establishment 





4. S1-AP: Initial Context Setup Request





HSS





3. Authentication





7. S1-AP: Initial Context Setup Complete





1. NAS: Service Request





2. NAS: Service Request





PDN GW





Serving GW





MME





























































































































































































































































































































































































































eNodeB





UE





5a. Update Bearer Response





5a. Update Bearer Request





7. Uplink Data





6. Radio Bearer Establishment 





5. S1-AP: Initial Context Setup Request





HSS





4. Authentication





8. S1-AP: Initial Context Setup Complete





2. NAS: Service Request





3. NAS: Service Request












































































































































1. Stored S1 TEID(s) UL








9. Radio Bearer Establishment Complete Ack





9. Radio Bearer Establishment Complete





2. IDLE state check





eNodeB 





UE





Downlink Data





6. UE triggered Service Request procedure





HSS





5. Paging





4. Paging





PDN GW





Serving GW





MME





PDN GW





3. Paging Request





Serving GW





MME





1. Downlink Data















































































































































































































































3GPP


