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The paper compares means that allow for fast setup of uplink and downlink user data paths at idle to active transition. The adoption of an approach is proposed.
1. Introduction

Means for a fast user plane setup during idle to active transition were discussed in the Beijing SA2 meeting. While it is a separate discussion whether such optimisations are necessary and what improvements can be provided this paper analyses and compares the proposed means for the user plane setup of the uplink and downlink data paths. The adoption of adequate means and an update of the service request procedure are proposed for the case that such optimisations are required.

2. Uplink Data Path Setup
It is assumed that during idle state all EPS bearers of the UE are preserved by the MME and the SGW. This includes the S1 tunnel endpoints that remain reserved on the SGW and the MME stores that information.

When the UE sends a service request message to the MME the MME can immediately an S1-AP Initial Context Setup Request message to the eNB. The MME provides S1 uplink TEIDs  for all EPS bearers of the UE with that message. The uplink path from eNB to SGW is available. And when the radio bearers are setup the UE may transfer uplink data that the eNB immediately may forward to the SGW.

There is no need for further optimisation of the uplink path establishment.

3. Downlink Data Path Setup

To establish the downlink data path the eNB needs to allocate S1 downlink TEIDs for the S1 user plane as the eNB does not store any information about idle state UEs. In the service request procedure shown in TS 23.401 the eNB waits for the confirmation of the radio bearer setup before it sends the S1-AP Initial Context Setup Complete with the allocated S1 downlink TEIDs to the MME. At the same time the UE may send already uplink data as the uplink user plane path is already established. This may trigger immediate downlink data that the SGW may need to buffer as the S1 downlink path is not yet available.
One S1-MME and one S11 message are send before the SGW knows the downlink tunnel identifiers for S1. Signalling transfer to/from an MME far away from eNB and SGW together with some processing delay may contribute already a major part of the target delay for the idle active transition. Some optimisation of the downlink path setup may be needed.

The TS 23.401 description indicates that the eNB might allocate downlink TEIDs and send the TEIDs together with the initial NAS message to the MME. So the MME may initiate S1 and radio bearer establishment in parallel. This approach has the drawback that the eNB may need to analyse the NAS message or allocates user plane downlink TEIDs also for signalling only transactions, e.g. for a TAU. Another problem is that multiple EPS bearers may be preserved for a UE and the eNB has no knowledge how many downlink TEIDs to allocate when sending the initial NAS message to the MME.
An improvement of that mechanism allocates always the maximum number of downlink TEIDs for the UE when the initial NAS message is sent to the MME. A special structure of the TEID is proposed to allocate a single TEID only, which includes a sub-identifier to differentiate between the UE’s EPS bearers. This eliminates the drawback that the eNB does not know how many downlink TEIDs it should allocate. However it requires the eNB to prepare always for the maximum number of EPS bearers. And shortly after that preparation the eNB receives the bearer descriptions from the MME and needs to modify the parameters of the already prepared S1 and radio bearers. The MME sends the bearer parameters after authenticating the NAS message. So the pre-setup bearers in the eNB are modified after one signalling roundtrip with the MME plus dome processing delay. In addition the eNB may need to analyse NAS messages or allocates TEIDs also for signalling only transactions.
The two approaches reduce the setup time for the downlink path by establishing the S1 bearer in parallel to the radio bearer setup. Similarly the eNB may confirm the S1-AP Initial Context Setup Request to the MME message before the radio bearer setup is confirmed. Radio bearers and S1 bearers, specifically for downlink,  are setup in parallel. Only the preserved bearers are setup and only when the user plane is needed.
In the same way the RAB setup is confirmed during handover preparation when the UE is not yet in the new cell and cannot confirm the radio bearer setup.

4. Conclusion

Confirmation of the S1-AP Initial Context Setup Request by the eNB to the MME message before the radio bearer setup is confirmed allows for setting up radio bearers and S1 bearers in parallel. This reduces the setup time for the downlink data path. For the uplink data path no further optimisations are needed.

5. Proposal
If it deems necessary to modify the procedures to reduce user plane setup times it is proposed to change the UE triggered Service Request procedures of TS 23.401 as shown below:
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 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].

2)
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). Details of this step are described in 3GPP TS 36.300 [5].


3)
NAS authentication procedures may be performed.

4)
The MME sends S1-AP Initial Context Setup Request (Serving GW address, uplink S1-TEID(s), Bearer QoS(s), Security Context, MME S1-AP UE ID) message to the eNodeB. This step activates the S1 bearers and triggers the activation of the radio bearers for all preserved EPS bearers of the UE. The need for a mechanism to activate only a subset of the existing EPS bearers is FFS. The eNodeB stores the Security Context, MME S1-AP UE ID, Bearer QoS profile(s) and uplink S1-TEID(s) in the UE RAN context.  The step is described in detail in 3GPP TS 36.300 [5].
5)
The eNodeB sends an S1-AP Initial Context Setup Complete (eNodeB address, downlink S1 TEID(s)) message to the MME. This step is described in detail in 3GPP TS 36.300 [5].
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)
The 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 uplink TEID(s) provided in the step 4.



8)
The MME sends an Update Bearer Request (eNodeB address, downlink S1 TEID(s)) message to the Serving GW. The Serving GW is now able to transmit downlink data towards the UE. 
9)
The Serving GW sends an Update Bearer Response to the MME.
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